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Abstract

timber has increased the interest for quantifying the amount of biomass
able in a region. The issue of land use is of paramount importance to
onmental issues on all spatial scales. Changes in land cover and land use
affected bioresource availability and biodiversity at species, genetic and
ystem levels. Biodiversity and biological resources are vital to the very
dation of sustainable development of a region. Recent land use changes
led to species loss, and the loss of ecosystem has affected essential
ical functions. Biodiversity has direct (medicines, food, fuel, fiber, etc.),
t (regulating air and water quality, soil fertility, economic values) as well
thical, aesthetic and cultural values. Current effort is focused on developing
esource inventory for Kolar district using Geographical Information System
Global Positioning System (GPS) and remotely sensed data. The range of
s that GIS, GPS and remote sensing can aid is vast including inventorying,
ng and monitoring of natural resources. This enables estimates, for the
region, to a high degree of reliability and provides a spatial
esentation useful in coupling with spatial land use change data.

etation indices were computed for qualitative and quantitative assessment of
| cover using remote spectral measurements. The different-scale mapping of
d use pattern in Kolar district is being implemented to know the area
red under each land use i.e., agriculture, forest, plantation, built up area,
bodies, and wasteland. Tree vegetation of Kolar and Chikballapur has
n studied in detail and tree inventory was prepared for species level
ping. Bioresource inventorying is done considering the village as sampling
and based on the stratified random sampling survey approach. Mapping of
age wise tree species was carried out using GPS and village survey maps
d these were converted to vector layers using GIS. Standing biomass
ates for Kolar and Chikballapur were done from field estimates of
ameter and height of trees in sampled quadrants. Ecological parameters like
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standing biomass and diversity indices were computed to understand the
vegetation composition in meeting the requirement.

Land cover analyses using slope based vegetation index show that in Kolar
district, 47.41% land cover is under vegetation and 52.59% is under non-
vegetation. Similarly, computation of distance based vegetation index, which is
appropriate for semi arid region shows that 45.93% is under vegetation and
54.07% is without vegetation. Land use analyses using maximum likelihood
classifier indicate that 42.33% is wasteland (barren land), 46.69% is
agricultural land, etc. A total of 116 tree species were found distributed in 39
families in Kolar taluk. In most of the villages the plantation trees like
Eucalyptus constitute more than 65% and among naturally occurring trees,
species like Pongamia pinnata is more prevalent. Compared to Kolar Taluk,
Chikballapur has relatively higher species diversity and hence the total biomass
density is not distributed among a few species. Spectral response pattern of
selected fuelwood species is determined using IRS 1C panchromatic data (of
spatial resolution 5.8 m). Mapping of Prosopis juliflora — a fuelwood species
was done in Gauribidanur taluk (with an accuracy of 88%) using field data
(collected in villages of Kolar taluk using GPS) covering parameters such as
density, age of the plantation, etc. However, linkages between landscape metrics
and human activity have yet to be demonstrated empirically over the large
spatial extents appropriate to remote sensing. The detailed investigations of
resource availability and the demand aided in assessment of the region’s
bioresource status and also helped identify the areas to be conserved /
preserved from further degradation.

Keywords: Bioenergy, Inventorying, Land cover, land use, Remote sensing,
GIS.

INTRODUCTION

Biomass energy is an important energy source for a majority of the world's
inhabitants. The United Nations estimate of global biomass energy consumption
was about 6.7% of the world’s energy consumption in 1990. Biomass energy
continues to be a major source of energy and fuel in developing countries (Klass
1998). In order to meet the growing demand for energy, it is imperative to focus
on efficient production and uses of biomass energy to meet both traditional (as 2
heat supplier) and modern fuel (electricity and liquid fuel) requirements. This
production of biomass in all its forms for fuel, food, and fodder demands
environmentally sustainable land use and integrated planning approach
(Ramachandra et al. 2000). Its relatively easy access and simple end-us€
technologies explain this widespread use despite poor efficiencies. With this
massive utilization of existing bioresources, there is a need for critical
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ation and assessment of the remaining bioresources at micro-level. India
not so huge landmass of 320 million hectares, when compared to its one
. human population, which directly or indirectly depends on its
yurces, inventorying of bioresources for sustainable management and
ation has emerged as an important scientific challenge in recent years.

ainable energy management requires a detailed planning from National, to
to District, to Taluk and village levels. Decisions by policy makers
g the management and use of bioenergy require accurate and precise
on on the state and patterns and rate of change of the resource. Broad-
ioenergy development programmes that aim for the efficient, economical

inable supply and utilisation of bioenergy, can be viable energy policy
rategy options for many regions. Formulating broad-based energy
ypment programmes involves integrated analyses of supply and demand
energy. Defining policies and strategies would require the incorporation of
gy assessment and analysis in energy planning and other relevant sectoral
g exercises such as forestry and agriculture (Ramachandra et al., 2000).

sional database on bioresources is needed to support the information
ents of the regional energy planning for sustainable development,
g estimates for tree volume/biomass by broad type categories and
strative  boundaries
s.iisc.ernet.in/energy/HC270799/Frames/ErgWelcome.html).

ion on forest volume and biomass is important for developing regional
ives on bioenergy supply and for computing carbon cycling and climate
alyses. Inadequate and inaccurate bioresource data has posed serious
in decentralised area-based energy planning: To meet these needs,
estimates on the state and change of biomass for all regions over the
tm must be made. In this context, emerging technologies such as GIS and
sing could be used effectively to carryout inventorying of resources
atial and temporal scales.

t study was carried out in Kolar district, Karnataka State, India through a
field investigation in selected villages of Kolar and Chikballapur taluks.
olved remote sensing data analyses, field survey involving villagewise
ing of the tree diversity and mapping of resources using GPS (Global
Ing system) and GIS (Geographic information system). Various
indices and standing biomass of trees were computed to analyse the
S meeting the energy requirement.
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Figure 1. Study area

OBJECTIVES

The proposed bioresource inventorying involves qualitative- and quantitati
evaluations of the potential through:

* Land cover and Land use analyses,

=  Analyses of spatial distribution of bio resource,
* Estimation of standing woody biomass,

= Inventorying of tree species diversity,

= Tree diversity analysis through computation of various ecologi¢
indices in selected villages of Kolar and Chikballapur Taluk,

= Mapping of selected fuelwood species, and

= Talukwise bioresource status assessment.
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y/ AREA: KOLAR DISTRICT

jistrict is located in the southern plains of Karnataka State, India. It hes
77° 21' to 78° 35' east longitude and 12° 46' to 13° 58' north latitude
nds qver an area of 8,225 Sq. km.

. patial (village, taluk, district maps) and non-spatial data (demography,
ipopulation, etc.),

ey of India toposheets of scale 1: 250,000 and 1: 50,000 were
ised to generate vector layers of road network, administrative

daries, contours, drainage network, etc.
Village revenue maps — digitised to map resources at village level,

Village wise vector layer showing all trees (species wise) was prepared
through an extensive field survey using GPS (Global Positioning

System),

lemotely sensed data of 23.5 m (IRS-LISS-III) and 5.8 m spatial
solution (IRS-PAN) having a cloud cover less than 2 percent - for
ind cover and land use analyses. The data sets used for the analysis
rere procured from NRSA, Hydrabad for the month of March 1998.
olar district is covered in three scenes. Multi-spectral LISS III
ery scenes of IRS-1C were used in the analysis.

2ath 100 Row 63 (covering Bagepalli taluk of Kolar district).
th 100 Row 64 (covering maximum no. of taluks of Kolar district).

ath 101 Row 64 (covering parts of Mulbagal and Bangarpet taluks).

of remote sensing data involved:
estoration of the image in its correct geometric position,
Taining sites selection and field data collection,

¥1sual interpretation of satellite images to delineate various geomorphic
nits and land cover classes,

Field verification of interpreted units, and

Classification of images based on field data: supervised classification.
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LAND USE ANALYSIS

Based on the information that could be obtained from LISS III MSS image
(Figure.2) of 23.5 m spatial resolution, six major land use categories w
identified as built-up, agriculture, plantation, natural forests, wasteland, g
water body. The land use map for Kolar district (talukwise) was prepared bas

on the interpretation of IRS-1C satellite imageries. This involved: '

* False color composite generation,

= Training sites, Ground truth collection (field data collection),

. Signafure generation for classification, (Figure.3)
=  Extraction of statistics,
=  Demarcation of boundaries, and

= Villages, taluk and district boundaries and road network were digitized
from SOI toposheets.

MAPPING AND INVENTORY OF TREE DIVERSITY IN SELECTED
VILLAGES

This is done through stratified random sampling (selection of villages) and pixel
level mapping, taking the village as a sampling unit. Villages were selected so
as to represent the entire taluk / district. The pilot surveys were undertaken to
ascertain the sample size — the number of villages needed to be surveyed in
order to obtain a reliable picture of bioresources in the region and their growing
stock (wood volume in case of trees). The necessary distribution of villages to
be surveyed in different taluks was worked out by proportional allocation based:
on the non-forest area of taluk.

Detailed mapping of trees growing in an entire village were mapped using GPS
(Global Positioning System). When the study area or the population being
investigated is small, census survey was carried out wherein all the scattered
trees in both cultivated and non-cultivated fields were considered. The survey
counts and measures all trees with a GBH (Girth at Breast Height) of 30 ¢cm and
above in the selected villages. All those having a GBH of 30 ¢cm and above were
considered as ftrees, except for highly fast growing plantation trees like
Eucalyptus with minimum GBH of 15 c¢cm were considered. Each tree was
marked on the survey map along with the following attribute data:

1. Zone number (Survey map was divided into different number of zones).
2. Geo-coordinates or Latitude-Longitude of each tree using GPS.
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ecies type.
ht and Girth of each tree.
5 type in adjacent fields.
son and Soil wherever possible.

e of homogenous plantations covering large area, 10 x 10 m quadrant
and the total number of trees in it was counted, which was later
to its spatial extent. These quadrants were chosen depending on the
in the plantation and the age of the trees in the stand. Later, this
s converted into digital format using GIS (a vector map of
e using GIS with attribute database). Vector layers of the
enerated and each and every tree was marked on the village layer
ssponding tree information was recorded in the database. The data
alysed for the following ecological parameters:

L Number of species A
I species density = .. (4)
' Area sampled

: Density of species A x 100
ecies density = so0 (D)
Total density of all species

Total cover or basal area of species A

.. (6)
Area sampled

Dominance for species A x 100
T

Total dominance for all species
biomass = 0.0790 + 0.4149 D’H 398

meter at breast height and H = Stand height

Number of trees
TL )
Total area
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DIVERSITY

Species richness can be described as the number of species in a sample per unj
area. Indices can be generated to bring them to similar scale. The Sil‘npl:
species richness index is based on the total number of species and the to
number of individuals in the sample or the habitat. Higher the value greater jg
the species richness. 1

Species richness = S-1/LogN (10)
Where S = Number of species and N = Number of individuals
Simpson diversity indices (Ds) = 1- (£ Pi P or 1/ £ (ni/N)? v (1

Where ni =Number of individual in each species and N=Total number of
individuals.

Simpson dominance (D) = £ (ni/N) 2 ... (12)

Where ni = Number of individual in each species and N = Total number of
individuals.

Shannon’s diversity indices (ﬁs =-Z(mi/N)log(ni/N)or -ZPilogPi
... (133

Where ni = Number of individual in each species, N = Total number of

individuals and P1=ni/N.

Pielou’s evenness indices (e) = H/ log S (14

Where, H = Shannon index and S = Number of species

Mapping of Prosopis juliflora

Mapping qf Prosopis juliflora using GPS was done in Iraghasandra and Huth
villages of Kolar taluk. The study was done in two phases. In the first phase all
the areas Wlth Prosopis juliflora were identified and marked as quadrants. Then
the imageries of the particular quadrants were studied to get the spectral p.attem-
In the second_ phase, sub quadrant was taken within the quadrant with thick
patches (density of trees, age of the plantation — juvenile and adult, etc.) With
the results Qf second phase the spectral pattern was still narrowed qdow.n‘based
on the density (spatial spread of trees in a quadrant) and age of the trees.
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'o units were selected such that they included variability in Prosopis
" cover. The selected sites were visited with imagery, toposheet, taluk
e maps and GPS. Details like the age of the tree, its girth, type of
sociated tree species, if any were noted. To know the density of the
ants of 10m x 10m were laid and numbers of trees coming under
of distribution pattern were noted along with the GPS value.
g this field data with the remote sensing data corresponding to the
region helps 1n identifying the spectral response pattern of the species.

} OF BIO RESOURCE AVAILABILITY AND DEMAND FOR

""'status assessment is based on compilation and computation of
ce supply for the energy generation. This is based primarily on land use
ind yield of various crops (agriculture and horticulture), plantation and
ass productivities. The taluk wise area of the dominant crops cultivated
ected from the state agriculture department for the last 6 years (1995-
ea under cultivation was not variety specific for a crop at the taluk level.
portion of the area under high yielding variety and the traditional variety
) at the district level was used to segregate the area by variety at the taluk
eld of a crop was obtained by averaging the yields of the previous six
area under the horticulture plantations of coconut, areca and cashew at
k level were obtained from the State horticulture department for the
5 four years. The average yield figures of the district were used to
e the production at the taluk level. The biomass productivity of the
t types of forests was collected through primary field surveys in selected

‘from Karnataka forest department. The forest area by type, given
in the forest records was used to compute the forest type at the taluk
area of plantations raised by the forest department under various
obtained from the State forest department. The biomass that could
for fuelwood purposes was calculated assuming that 30% were adult
The fuel wood demand is in the range of 1.3 to 2.5 kg/person/day.
0 of productivity and fuel wood demand (considering both higher and
es) is computed to get an idea of level of bioresource availability in
ict. Ratio greater than one indicates the presence of surplus bioresource,
ue less than one characterises a bioresource deficient zone.

AND DISCUSSIONS
Cover Analysis

has the ability to minimise topographic effects while producing a linear
--" €ment scale and is ideally suited for the localities rich with vegetation.
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Compared to this, TSAVI is intended to minimize the effects of soil backgroun'
on the vegetation signal and is used for the regions with sparsely spreag
vegetation. Table 1 gives the land cover analysis of Kolar district considering
different vegetation indices. ]

Table — I Land cover analysis of Kolar district with different VI aspect

Area in, ha Area in, %
Kolar | Case-1 | Non- . Non- . 3
vegetation Vegetation seceiaion Vegetation
NDVI 0.0 431292 |- 388834 52.59 45.41
TSAVI -9.0 457687 388834 54.07 45.93

NDVI computation (figure 4) reveals that, 47.41% land is under vegetation and
52.59% is under non-vegetation in Kolar district. Land cover analysis using
TSAVI as illustrated in figure 5, shows that area under vegetation is 45.93% and
non-vegetation accounts to 54.07%.

Land Use Analysis

A Land use analysis was carried out for Kolar district using multi-spectral data’
(IRS 1C LISS). Both supervised and unsupervised classification techniques
were attempted. The accuracy of Supervised classification is 86% and that of
unsupervised classification is 45%. The maximum likelihood classifier is found
to be appropriate (based on confusion matrix analysis). Among the supervised
classification techniques, hard classifiers were tried using Minimum Distance to
mean with Standard Distance, Parallelepiped and Maximum Likelihood
Classification approach and results are illustrated in figures 6, 7 and 8
respectively.

The land use classification for Kolar district using MLC shows that 46.69% of
the total area is under various types of agriculture. This is followed by
wasteland (42.33%), which is barren unproductive land. Remaining land use
types are built up (4.62%), plantation (3.07%), natural forest (2.77%) and water
‘bodies (0.53%). Table 2 lists the talukwise land use pattern, computed using
hard classifiers of supervised classification techniques. Determination of the
level of error was done through computation of contingency and error matrix
and is listed in tables 3, 4 and 5 for Maximum Likelihood, Minimum Distance to
mean and Parallelepiped classifier respectively. This analysis demonstrates that the
maximum likelihood classifier has least errors (due to commission and omission).
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_ [ Talukwise land use pattern computed using hard classifiers of

! supervised classification techniques
Land Use (in Square meters

Clesiaton Built-up Agriculture | Plantation | Vegetation | Wasteland ‘:j;;r
MLC 78262804 3025883 165114 905774 5410446 67250
13 84.22 4.70 3.61 33.93 94.10

MD 19728246 1873507 101107 185245 5187662 52714
0.03 23.53 40.97 31.14 97.88 37177

PP | 38474041 2681741 430690 785416 5384528 757529

¢ .20 24.49 3.33 3.60 77.87 9.44

MLC 23041005 4957460 372889 505617 2583111 91248
et 91 3585 . 33.52 86.92 41.99 14.46
MD 86186051 3645283 635341 596402 2906384 69312
.62 84.74 44.40 44.51 89.91 66.42

PP 14392952 4729121 504371 340263 2667146 82950
46 11.84 92.46 55.17 25.81 82.44

MLC 18005322 3144456 154639 306016 2524589 86649
.63 80.54 77.50 68.60 18.04 62.22

MD 68892983 2182203 218920 523159 2654714 53160
10 78.43 02.63 97.99 ~ | 36.04 07.79

ey 8881584, 2875868 197119 218993 2433401 89219
62 92.22 46.06 40.19 76.46 27.44

MLC 50742715 4289095 498260 104759 4096842 298806

: 68 76.98 3.90 2.91 58.45 82.90
MD 18955011 2592567 140169 166990 4263820 26257
1.02 21.81 11.10 6.76 22.20 01.66

2P 27133534 3722978 564103 884280. 4413824 20562
28 80.98 4.46 20 03.02 64.28

MLC 51583721 3258487 715004, 523148 5118210 29236
51 21.98 56 5.11 16.37 61.26

~ |[MD 15095185 3219938 637671 120719 4921986 18674
! 733 82.16 8.75 46.18 37.65 09.35
s 27672182 2934127 210692 455048 4889707 33045
; .38 56.61 9.37 0.90 95.11 22.83
MLC 8027095. 6234321 108935. 102841 1543568 15379
65 0.76 68 705 = 24.40 99.60

MD 36721859 3920156 792752. 244537 1471249 12016
.56 8.19 75 0.69 98.39 30.15

P 4666221. 5275714 357523, 101976 1495797 13988
15 6.41 95 4.32 86.59 39.88

MLC 25776587 4069803 174040 145023 3301768 32334
.87 04.50 56.86 90.75 13.85 35.06

MD 15506940 3707327 184612 116953 3327384 68338

.06 58.85 69.35 88.73 44.70 0.05

PP 11071883 2709012 337366 142382 | . 3622438 33214

3 259 .| 58.81 73.93 53:05 68.82 40.05

MLC 10757792 4146747 471073" 353033 1685091 42831
.59 34.63 22.38 7.50 31.07 96.80

MD 57079115 3060792 613926 543502 2122833 36103
.24 66.78 73.10 5.63 96.45 31.80

PP 6020066. 3873862 439527 303148 1708376 35584
01 29.89 48.00 9.45 15.61 70.41
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Land Use (in Square meters)
S Uricse Built-up Agriculture | Plantation | Vegetation | Wasteland
Mulbagal MLC 49800214 4286760 152659 635796 3212506
31 44 85 75.01 1.39 76.10
MD 12709472 2881125 371636 107501 3559820
5.52 40.16 98.60 79.30 83.95
PP 27223962 4340191 188442 645120 3221227
.00 65.04 97.09 8.05 94.85
Sidlaghatta MLC 33953924 3203960 351543 473149 2762962
25 89.23 41.46 1.65 33.88
MD 16436714 2975888 313961 422779 2831178
57 3345 92.16 5.71 66.21
PP 10519171 2320408 459658 499663 2808224
2.28 29.34 70.79 2.01 23.72
Srintvasapur MLC 32942688 4803957 325235 574549 2628072
59 27.21 86.22 85.92 37.48
MD 96941424 3342395 619208 607548 3108174
12 50.74 75.18 65.83 44.29
PP 17159532 4557898 372393 441827 2937339
.57 48.03 31.86 22.83 79.05

Table - III Contingency (Error) matrix for Maximum Likelihood-classification

= ) 5
2 | E| | 2 2 5

5 z g = £ |8 3 = | §

= — - = =11} g = "5 - =

ke 2 | £ | & | 2 |5l & | & |a
Built-up 2608 27 0 0 248 8| 2891{0.0979 |
Agriculture 3| 24350 64 25 123 2| 24567)0.0088 |
Plantation 0 88| 1988 45 0 0] 2121)0.0627 |
Vegetation 0 89 0] 7040 4 0[. 7133/0.013 |
Wasteland 4 654 0 8| 34724 15| 35405|0.0192 |
Water body 8 0 0 of 277] 3775] 4060[0.0702 |
Total ' 2623| 25208 2052 7118 35376 3800| 76177 |
Errors of 0.0057| 0.034| 0.0312| 0.011] 0.0184| 0.0066 0.0222 |
Omission

SPECIES LEVEL MAPPING: SPECTRAL SIGNATURE ANALYSIS

The vector layer of a particular species is overlaid to its corresponding rastet
layer and spectral value is found out. Frequency distribution and histogram
analyses of spectral values were done. Frequency distribution of spectral values
helped in delineating the reasons for variations. The range where the highest
peak occurs corresponds to a spectral value of adult species. Average value of
the selected range was taken as spectral value of that species and its standard
deviation gives the range of spectral signature from its average value. Averagﬂ
plus standard deviation corresponded to juvenile plants. Spectral value depends
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of species, its girth, height and density. Considering these parameters,
sites for each type of species were mapped. Then their corresponding
| signature is found out by overlaying field data with remote sensing data.
shows the spectral response patterns of various tree species dominant in
aoes of Kolar taluk.

Table - IV Contingency (Error) matrix for Minimum Distance to

Mean classification

¢ & s | = | & 5
o z S B g 2 S 2
= = =] g = B »
= - = > z z = [=ie]
' 2187/ 103 0 0| 1867 73| 4230 0483
ture 2| 20522  714]° 78] 942 of 22258]  0.078
ion ol 968 1333 51 0 ol 2354] 04329
ation 0 47 3| 6803 491 o| 7344] 0.0737
411] 3568 0 186| 31640 18] 35823| 0.1168
23 0 0 o| 436| 3709 4168 0.1101
~ | 2623] 25208] 20s52] 7118]| 35376] 3800| 76177
0.1662| 0.1859| 0.3494| 0.0443[0.1056| 0.0239 0.131

Y Contingency (Error) matrix for Parallelepiped classification

P el 2 | 2|8 <%
& | £ | & S | 2| £ | 8| £¢8
2 | 2 | S| 5| | 2| &3
o 1938 3 0 0] 312 0| 2255/ 0.1406
67| 19672 197 149 147 0] 20232| 0.0277
0 224 1654 0 0 0| 1878 0.1193
0 16 0 6289 47 0] 6352| 0.0099
221 3758 201 400| 32661 7| 37248] 0.1231
279 m 20 0 0 693 3657| 4629 0.21
2623 25208 - 2052| - 7118| 35376 3800| 76177
0.2612| 0.2196| 0.194| 0.1165]0.0767| 0.0376 0.1353
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Table - VI Spectral response patterns of various tree species dominant iy
the villages of Kolar taluk

Tree Eucaly | Prosopis Mangi- | Ponga- | 4 ociq |Acecian| Tig

i ; fera mia Ao riculofor du
Species ptus Juliflora indica Pt nate nilotica ' it indie
Village - )
Huttoor 83-92 | 98-105 76— 80 | 76-88 93-10
Ganeshpura 95-115 90—-105 | 98-104 94-]
Ramasandra 86—102 92-106 97-107
Kondasandra 90-107 90-100 | 93-1i
Kaparasiddana
halli 92-110 98-114
Nandikamana 87-96
halli 88-102 87-96 99-107 :
Iragasandra 9%-118 92-112 | 92-104 88-1
Antaragange 92-102
Sangondahalli | 94-101

Based on these spectral signatures (field investigations involving detai
mapping), classification for Chikballapur and Kolar taluk was done. Tab
shows the details about area covered under each vegetation.

Table - VII Area covered under each vegetation in Chikballapur and Kola

Area in Hectares
Eucalyptus| Forest Ragi |Mulberry| Mix agri | Bar
Chikballapur |7585.00 7208.65 |8609.29 (4734.13 |9874:40 |9840.12
Kolar 9083.60 3622.84 1742275 |7698.76 [16627.23 [16876.1

Taluks

Mapping of Prosopis juliflora was done in Iraghasandra and Huthur village
Kolar taluk where the growth was more due to the favorable edaphic fa
With the identification of spectral response pattern for the species (conside
density and age), mapping was done for the entire Kolar taluk as well as for
neighbouring Gauribidanur taluk (figure 9) with the help of merged rem
sensing data (LISS III MSS and PAN) in Kolar district. Figure 10 depicts fut
image of MSS and PAN data (spatial resolution of 5.8 m and spectral resolut
of G, R and NIR). The map of Prosopis juliflora was verified (field visit) usil
GPS. Polygons chosen for verification are given in figure 11. The accuracy
mapping is 88% as 44 polygons out of 50 mapped polygons correlated with
species.
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PECIES INVENTORY

of Kolar and Chikballapur taluks include nearly 180 tree species.
ong 49 families. The number of species is a conservative estimate
oes not include undetermined species in genera that are on the list.
th more than 10 species include Fabaceae, Bignoniaceae, Moraceae,
ae. Genera with 3 or more species include Acacia (7), Albizzia
a (5), Dalbergia (4), Diospyros (4), Ficus (8), Syzygium (3), and

0).

|16 tree species were found distributed in 39 families. Species like

1, Tamarindus indicus, Pongamia pinnata, Melia azadirach,
mini, Acacia nilotica, Eucalyptus sp., etc., are distributed in more
udy areas. Eucalyptus species have the highest number of individuals
3417 trees followed by Acacia auriculiformis with 2,92,991 trees,
a indica having 1,53,855 trees and Acacia leucophloea with 1,38,546
ohest tree density 1s found in reserve forests and monoculture
lominated villages like Singireddy halli (3420 trees/ha), Ganeshpura
, Thondala-1 (2663 trees/ha), and Thondala-2 (2530 trees/ha).

of tree standing biomass

villages were surveyed in Kolar taluk (figure 12) and the results
illage Antaraganga including the reserve forest (RF) has highest
imass of 555 ton/ha followed by Thirumalakoppa with 458 t/ha and
reserve forest with 454 t/ha. Iragasandra-2 has the lowest with 3.4
erage SB of Kolar Taluk is 116.53 t/ha. SB for some of the reserve
8) shows that Thondala reserve forest has highest standing
eas the Kaparasiddanahalli reserve forest has the least due to
naller basal area of trees which are harvested regularly. There are
ve forests like the Muduvadi RF, where including the non-reserve
S, the standing biomass is only 138 t/ha. This may be due to highly
atus of the forests, sparse eucalyptus plantation with very low basal
9 shows the computation of various parameters like species total,
ding biomass (SB) in tons/ha, and species density for different
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Table - VIII Standing biomass (SB) of Kolar Taluk

SlLno Reserve forests Total area (ha) SB (tfha}
1 Antaraganga 51.09 554.864
2 Kaparasiddanahalli 76 233.27
2 Singireddyhalli 178 316.73

4, Thondala-1 15 454.45

5 Thondala-2 226 381.992
6. Thondala-3 170 77:53

Table - IX Village wise computation of various parameters

1

Village id Village Area TSOP:;I ’IT;:::] ( tor?s]?ha)
1 Antaraganga 51.09 38 22180 599
2 Balagere 267.26 50 82651 45
3 Basavanatha 121.80 34 35262 25
4 Belahalli 124.83 40 21557 18
5 Byrasandra 93.99 39| 187125 192
6 Ganeshpura 89.05 16 | 245028 221
7 Haralakunte-1 304.02 33 65640 23
8 Haralakunte-2 171.20 44 | 142369 60
9 Hutoor-1 242.00 23| 184608 144
10 Hutoor-2 246.00 46 53389 32
11 Iragasandra-1 219.00 41| 101866 50
12 Iragasandra-2 55.96 4 1996 3
13 Iragasandra 221.00 27 75504 41
14 Kalkeri 131.00 39 29160 26
15 Kallandur-1 291.00 37| 163015 57
16 Kallandur-2 179.00 48 | 133544 83
17 Kaparasiddanahalli 76.00 41| 144216 23
18 Karadubandahosahalli-1 241.00 32 15959 8
19 Karadubandahosahalli-2 145.00 10 70426 45
20 Karadubandahosahli-3 208.00 19 21993 12
21 Kondasandra 240.00 37 70884 53
22 Kooteri-1 236.00 46 49690 22
23 Kooteri-2 347.00 491 203540 114
24 Koratamallandahalli 121.00 37 30720 30
25 Muduvadi-1 296.00 41 12117 6
26 Muduvadi-2 281.00 32 340426 132
27 Nandikamanahalli 83.00 23 37175 95
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. Sp. Tree SB =
Yiliage Area |t | otal (tons/ha) desngity
|Ramasandra 1 96.00 29| 85127 134 | 0.3015
[Sangondahalli 169.75 34 1947 4| 02003
~|Shapur 160.00 42| 140138 85| 0.2630
" |Singireddihalli 178.00 21| 609057 317] 0.1179
Thokalaghatta 201.00 39| 28644 17| 0.1938
~ |Thondala-1 15.00 7] 39600 454 04708
"~ |Thondala-2 226.00 11| 572569 382 [ 0.0486
lakoppa-1 147.00 26| 250659 458 | 0.1765
iramalakoppa-2 170.00 36 | 309822 380 | 0.2116
ibhuthipura 29.00 24 356 5| 0.8387
ondala-3 170.00 39| 93393 78 | 0.2298

[ASS DISTRIBUTION AMONG DIFFERENT SPECIES

t of the villages plantation trees like Eucalyptus constitute more than 65%

‘the plantation trees like Acacia nilotica, Acacia auriculiformis,

us indica, etc., comprises the rest leaving very less for other species.

tively few species appear to determine the physiognomy in these

. However, in villages like Singireddyhalli, Hutoor, ‘etc., there may be
nore species, which share the total standing biomass.

turally occurring trees, species like Pongamia pinnata_dominates (in
e taluks), as it is highly adaptive in most of the drier regions and
y found along streams, field bunds, and small grooves. If both natural
tion trees are considered, Eucalyptus sp. dominates in most since it is
ensively by the farmers as it is one of the major sources of income
vood for both household and small industries. This is followed by
lamea, which is mostly planted for afforestation programs. Some are
nerating by themselves in many villages along water channels and
st places. Syzigium cumini and S.operculatum mostly are found along
In most of the villages and also in open areas. Figures 13, 14, and 15
' vegetation cover map, PAN image, and spectral curve of Irigasandra
ctively. Villagewise free density and standing biomass for Kolar
iven in table 10.

65




Inventorying, Mapping and Monitoring of Bioresources using GIS and Remote Sensing

Table - X Villagewise tree density and standing biomass (SB)
2 = 2
— Z £=
% = 3 2 | E@ | g
= = 3 “ 8 T8 b
B = b bt & 23 o
7] - - = = [l v
1 | Ganeshpura 89.05 Eucalyptus | 2751 | 219.65 221
2 | Huttor-1 242 | Acacia nilotica 762 7943 | 14431
3 | Kaparasiddanahalli 76 Eucalyptus | 1902 226.13 | 23327
4 | Hararalakunte-2 171.19 Eucalyptus 831 58.70 60.08
5 | Koratamallandahalli 121 Eucalyptus 253 22.30 30.07
Diversity

The highest species density of 0.8386 is seen in Vibhuthipura village wherein 24
species are found in an area of 29 ha. The lowest is seen in Thondala-2 with
0.0486. 11 species are found in 226 ha. However, the highest species number
50 species is found in village Balagere in a total of area of 267.26 ha and 8265]
trees while the lowest is found in Iragasandra-2 with only 4 species in 55.96 h
of area and 1996 trees. Table 11 shows diversity in reserve forests/plantations @
Kolar taluk. :

Table - XI Diversity in reserve forests/plantations of Kolar taluk

Reserve forest Total Total
Sl.no ! ; Shannon value |
plantation species trees
1 Ganeshpura 16 245028 0.0139
2 Kaparasiddanahalli 41 144216 0.058573
& Singireddyhalli 21 609057 0.7716
4 Thondala-1 7 39600 0.45521
5 Thondala-2 11 572569 0.5488
6 Thondala-3 39 93393 0.1008

Highest species richness of 10.032 is found in village Sangondahalli and
lowest in Thondala-3 with a richness of only 0.0004 due to high dominance b
Eucalyptus plantation. The highest Simpson diversity of 0.81894 is found 1
Vibhuthipura, which shows high evenness of 24 species in an area of 29 hectar€
Lowest Simpson diversity of 0.00139 is found in Karadubandehosahalli-2 Wi
10 species in area of 145 hectares. Kolar taluk is highly dominated by
monoculture  plantation species and hence in many places like
Karadubandehosahalli-2, Simpson dominance value is 0.9986, which 1s very
high due to dominance by Eucalyptus plantations.
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he other reserve forests of Kolar taluk show a very low Shannon value
Ctheir poor species diversity. This may be due to the loss of many
¢ extravagant exploitation like illegal logging, huge fuel wood
“for local population and mass monoculture plantation of exotic
ke Eucalyptus. The highest evenness can be seen in village
with evenness value of 0.6857. It has 24 species with 356 trees.

lapur Taluk

18 villages were surveyed in Chikballapur taluk (figure 16). Among
te plantation has the highest standing biomass of 287.92 t/ha. It
‘of 105.670 ha and a tree density of 2691.78 and total trees of
serve forests like the Narasimhadevara betta range though harbor
dry deciduous forests have standing biomass, which are not
that area. For example, Kethenahalli plantation, which has good
, has trees whose average height ranges from 10-50 m and rarely
than this value. Places like Nandhi hills also have natural forests
areas are very less and hence the total biomass. However,
 plantation (old plantations) has slightly higher standing biomass of
. Table 12 gives villagewise tree density and standing biomass.

able - X11 Villagewise tree density and standing biomass (SB)

Reserve forests + o Tree SB,
plantations density t/ha

247 1330.02 135.5
207 986.58 96.04
182 1440.10 141.33
652 566.68 70.69

] g 87.20 656.98 103.35

Nandhi plantations 1050 974 4 188.8

Kethenahalli 1511.20 945.01 119.941

d to Kolar Taluk, Chikballapur enjoys relatively more number of
Versity and hence the total biomass density may not be distributed
species, but a large number of species. Table 13 shows the various
computed for Chikballapur Taluk. In Gollahalli plantation, species
lana colerata, Dalbergia lanceolaria, _and_Terminalia paniculata
10r more than half of the total biomass. Similarly in Kethenahalli the
ass of tree species like Anogeissus latifolia, Pongamia pinnata,
mentosa, Eucalyptus sp., Lagerstroemia parviflora, Shorea talura
65% of total biomass. The highest tree density per hectare is found in
ahalli-2 with 2400.02 and the lowest in Kethenahalli having 1.468 trees.
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Table - XIII Various parameters computed for Chikballapur Taluk

I

= ) s|.8 £ & ol
& = 2|68 ¢ | @ | SE| 8
= - = = = Q

1 |Bannikuppe 31 3| 72218 2225 0.10| 2304
2 |Bannikuppe trees 147) 41 1163 1.6 0.28 7
3 |Gollahalli Pln 247 39| 328625 135.6 0.16] 1330
4 |Gollahalli trees 228| 51 662 0.7 0.22 :

5 |Haristhala-1 237 54 1719 1.8 0.23

6 |Haristhala-2 12| 24 484 6.1 2.05 4

7 |Jakkalamadevu Pln 207\ 22| 204108 96.0 0.11 98¢

8 |Jakkalamadevu trees 61| 51 1965 6.7 0.83 3

9 |Jathavarahosahalli Pln 98| 36 563 2.7 0.37 5
10 [Jathavarahosahalli trees 3 2 8590| 276.3 0.59| 2543,
11 |Kadadibburu Pln 182| 11| 262027| 141.3 0.06 1440,
12 |Kadadibburu trees 175 51 1307 1.3 0.29 T
13 |Kammathanahalli Pln 5 2 205 14.0 0.41 42
14 |Kammathanahalli trees 419] 31 816 0.8 0.07 I
15 |Kanajenahalli PIn 5 2 9262 160.8 0.37| 1707.
16 |Kanajenahalli trees 279 38 550 0.6 0.14 2]
17 |Kethenahalli Pln 1511 68| 1428106| 119.9 0.04 945
18 |Kethenahalli trees 361 21 531 0.4 0.06 13
19 |Madhurenahalli PIn 652 23| 369600/ 70.7 0.04 566.
20 |Madhurenahalli trees 433] 42 1324 0.7 0.10 3
21 |Maralakunte Pln 106 5| 284462 287.9 0.05| 2692
22 |Maralakunte trees 147| 43 933 2.0 0.29 6.
23 |Mudigondvobanadinne Pln 87| 23| 57293 103.3 0.26 657.
24 |Nallakadirenahalli-1PIn 11 1| 29650 2433 0.90] 2687.
25 |Nallakadirenahalli-1trees 3l 32 632 3.0 1.02 20..
26 |Nallakadirenahalli-2 Pln 23 6| 55839| 2235 0.26/ 2400.
27 |Nallakadirenahalli-2trees 248 51| 1037 0.6 0.21 4.
28 |Nandi Pln 1050 82/1023610| 188.8 0.08 974.f
29 |Nandi trees 85| 56 1428 25.3 0.66 16.9
30 |Sambaragidadakavalu Pln 767 32| 785676| 105.6 0.04| 1025
31 [Sambaragidadakavalu trees 15| 4 226 1.8 0.27 15.
32 [Sulthanpete Pln 36 7| 58623 148.9 0.20] 1643.
33 |Sulthanpete trees 230| 55 1571 2.1 0.24 68
34 |Yalagadahalli Pln 54| 15| 86088| 185.2 0.28] 16007
35 |Yalagadahalli trees 857| 68 8852 2.3 0.08 10.33f
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:"of tree species

fuk consists of relatively good patches of dry deciduous forest
roe number of forest species makeup the total species pool, though
‘ like Haristala have been totally cleared or planted
with trees. Hence, there are very few villages dominated by single
ever Pongamia pinnata and Eucalyptus are versatile in their
Vegetation cover map, PAN image, and spectral response of
ree in Bannikupe village are illustrated in figure 17, 18, and 19

the species dominance in Chikballapur taluk. Trees like
ifolia are however slightly dominant in villages like
Kethenahalli, and Nandhi forests but don’t have higher
s due to their lower basal area. Nandhi forest and Kethenahalli
sts have a very rich combination of species and total tree individuals
having total tree species count of 82, followed by Kethenahall dry
orests with 68 tree species. Nandhi forests due to its varied climate,
d large area, provides habitat for a large number of species, which
arasimhadevarabetta forest range. Also these two have the largest
Kethenahalli reserve forest having 14,28,106 trees in an area of
es with 68 species, followed by Nandhi forests harboring
with 82 species in an area of 1,050 hectares. Gollahalli-trees
species richness of 17.725 with 51 species among 662 trees
Nandhi-trees with species richness of 16.885 having 56 species in
istribution of individuals in different tree species is shown in table 15.

~ Table - XIV Dominant species in Chikballapur

SI. No | Species No. of villages
1 Pongamia pinnata 15
2 Eucalyptus 14
3 Albizzia amara 4
4 Anogeissus latifolia
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Table - XV Distribution of individuals in different tree species

;l(; Village/forests Diversity parameters Results Status
1 Gollahalli-trees Num.species richness 17.725 | Highest
2 | Kanajenahalli forests | Num.species richness 0.2520 | Lowest
3 | Nandhi forests Shannon-wiener 1.46 Highest
4 Kethenahalli forests Shannon-wiener 1.45 High
3 Kanajenahalli forests Shannon-wiener 0.0157 | Lowest
6 | Bannikuppe forests Simpson dominance 0.9883 | Highest
7 | Kethenahalli forest Simpson dominance 0.0542 | Lowest
8 | Kethenahalli forest Simpson diversity 0.9457 | Highest
9 | Bannikuppe forest Simpson diversity 0.0116 | Lowest
10 | Nallakadirenahalli-2 Pielov’s evenness 0.9368 | Highest
11 | Maralakunte forests Pielov’s evenness 0.033 Lowest

Results show that the Nandhi plantation has highest Shannon value of 1.46
followed by Kethenahalli with 1.45 and Gollahalli 1.28. The value of Shannog
diversity index usually ranges between 1.5 - 3.5 and rarely surpasses 4.3
because 10° species will be needed to produce a value of H > 5.0. Highe
the H value greater is the diversity and also the evenness. Hence, due to more
evenness in species distribution Nandhi forest has good Shannon value (tabl
15). In case of plantation reserve forests Singireddyhalli that has scen
government afforestation program has slightly better diversity compared (o
other planted forests. The plot of species diversity versus area (species aret
curve) show that except in villages like Maralakunte plantation, Kadadibbur ant
Kanajenahalli, the tree diversity increases with an increase in sampled area ang
reaches a plateau or slightly decreases from 1000 ha onwards.

STATUS OF BIORESOURCE IN KOLAR DISTRICT

The availability to demand ratio ranges from 0.33 (considering fuel wood
demand as 2.5 kg/person/day) to 0.64 (fuel wood demand as 1.3 kg/person/day):
The ratio being less than one indicates that there is bio resource scarcity. The
computation of bioenergy availability, demand and talukwise bioresource status

listed in table 16, shows that Chikballapur Taluk has higher value of 0.42 and
Chintamani Taluk has the least of 0.12.
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Table - XTV Talukwise bioresource status

Taluk Name | Resource/Demand
Bagepalli 0.1490
Bangarpet 0.1518
Chikballapur 0.4220
Chintamani 0.1200
Gauribidanur 0.1550
Gudibanda 0.1590
Kolar 0.3259
3 Malur 0.2122
Mulbagal 0.1840
Sidlaghatta 0.1730
Srinivasapur 0.3858

er analyses show that Kolar District has a vegetative cover (Forest,
d Plantation) of 47.41% and non-vegetative cover of 52.59%.
use analyses show that among 11 taluks, Bangarpet has
rest cover of 10.46 %, followed by Srinivasapur (6.61%),
(4.78%) and Gauribidanur with 0.58%. Area under plantation
8.81% (Bangarpet) to 0.08% (Gauribidanur). Area under
€ ranges from 63.91% (Malur) to 32.21% (Bagepalli). Wasteland in
about 42.33 % and talukwise it ranges from 25.97% (Malur) to
ibidanur) to 57.60% (Bagepalli).
0
1 average standing biomass of 116.53 and it 1s unevenly distributed.
s are dominated by monocultures like Eucalyptus plantation and
lons like Acacia auriculiformis, Acacia nilotica, Tamarindus
ra indica and relatively few other trees. Hence, large part of SB
uced and not from naturally grown trees. However, this has a
advantage since this system does not promote diversity, which 1s a
SSity for a healthy ecosystem. This can be seen in reserve forests like
» Singireddy plantation, and many others.” Reserve forests like
a have high SB with high Shannon value due to large number of
ecies with monoculture plantation. Majority of smaller forests of
Ct 1s fully degraded with low standing biomass and diversity like
hosahalli, Muduvadi, and few others. Reserve forests of
#apur like Narasimhadevarabetta, Nandhi etc, though having large
T Of trees, their SB are not so high due to the relatively lower basal area of
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trees, with girth usually not more than 30-50 cm GBH. Human activities [jjg
logging, charcoal making and manmade forest fire add to the decrease in SB,

Large numbers of villages have a very low diversity and high dominance due ¢
sparse forest area and wide cultivation of monoculture plantation. Few villagg
like Vibhuthipura and Singireddyhalli have slightly good Shannon wvaly,
compared to other villages, though largely planted. They mainly consist gf
reserve forests planted with large numbers of native species and as a result thepg
is increase in diversity. The original forests have long been degraded and whay
remain now are few patches of secondary forests, scrub vegetation ang
plantations. Chikballapur taluk has retained some good patches of forests due g
relatively higher rainfall and lesser aridity. Nandhi forest alone harbors §;
species of trees showing the species richness of the area. Some of the valley
like Narasimhadevarabetta range exhibit very large species heterogeneity ng
only in valley bottoms but also along the slopes enhancing their conservatig
value. There are many more forests around Nandhi and other places g
Chikballapur, which if conserved properly and restored to their original state
large rumber of resources including firewood and timber can be utilized, and
can prove to be of immense value for the dry and arid district.

Assessment of bioresource status considering the availability of resource and the
demand, shows that all the taluks situated in Kolar district are faci
bioresource scarcity. This is mainly due to mismanagement of resources, neglect
of appropriate conservation, over exploitation and grazing.
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Figure 4. NDVI Iimage

Figure 6. Minimum distance of mean
with Standard distance classified
image
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Figure 8. Maximum Likelihood
Image
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Figure 11. Verification sites of
prosopis juliflora

e 13. Vegetation cover map Figure 14. PAN limage
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Figure 15. Spectral response curve of Irrigation village
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