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ABSTRACT

The present study has been conducted in Chhatliggararious land use pattern based on area @siogndary
data collection from The Directorate of Land Resocthssify Total reported geographical area okddifit categoriegz,
land under agriculture, forests, non agricultursgsy barren land, and uncultivated lands and lpotio non-agricultural
uses were culturable waste, miscellaneous tree gandes, fallow land and other fallow land etc. Treported
geographical area of the state decreased by 7kB3hia during the period under study (i.e. 1970« 2@05-06). It was
observed that net area sown of land in Chhattisgtate was increased mainly because area unddarnbeincreased
considerably, as well as the entire three zonefu@ble wasteland, fallow land and other uncutiédhland decreased
slightly but forest decreased rapidly. There hanliacreasing shift in net sown area contributm@.59 per cent during
the period under study at the state level. The angler forest decreased by 8.61 per cent, at e Istvel. The culturable
wasteland shows increasing trend accounting fds peg cent. There has been an increasing trenadkanreot available for
cultivation contributing 1.9 per cent during periofdstudy. The fallow land shows a decreasing tremttributing for 0.07
per cent during the period under study. There k& la decreasing tendency in other uncultivatedl écluding fallow
land accounting for 0.54 per cent. The highest sarem was found in the Chhattisgarh plains, witige hinimum was
found in Bastar Plateau. The zone, which has highegportionate area under forest, is Bastar Rlatedile the lowest
was seen in Chhattisgarh plains. The Bastar pldtesuhe highest proportionate area under culteraflsteland, while
the lowest was seen in Northern hills. The land aailable for cultivation was highest in Northdrills, while the

minimum was found in Bastar plateau.

Shifts of various land use pattern in Chhattisgsteie as a whole registered a considerable inogdasnd not
available for cultivation followed by net area sowrhe results corresponding to the shifts in vagidand use in
Chhattisgarh plains in study years revealed in thdturable waste land and land not available fdtivation recorded
considerable positive shifts in the land utilizatievel of land in the region. Relatively high shpbtential for culturable
waste land followed by net area sown was obseflid. increase was due to the maximum coverageeo€Cthattisgarh
plains. The shifts of various land use characiessin northern hills showed that uncultivated laamtl net area sown
increased in positive direction while other catégmiof lands are shifted in higher negative dimctin the recent years
culturable wasteland recorded higher negative shiifan other land. The shifts in the area of varilaund use of Bastar

plateau is positive in these region forest land anea sown and culturable wasteland showed negstiits.
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INTRODUCTION

The geographical area of the state is 1.36 laktkisg.with about 25.5 million population. The stégehaving
plenty of hills, forests, mineral and ores and othe&tural land resources. The land use patterheastate level could be
satisfactory, but as compared to the different ajjroatic zones, it is not so. At present varioysess of wasteland exist in
the stateviz, degraded forests, leased out mixed area, ravindsother wasteland (water logged and periodically
inundated areas). These lands are to be developamduce crops, fodder, fuel and timber etc. édsea systematic and

scientific study and planning for the optimum larg pattern keeping the long run welfare of thimgj\oeings.

The land use classification is concerned withdlassification of land according to their capatabtfor use and
thus according to its use it can be grouped asuatrral and non agricultural land, forest, net sawea, pasture and land
not available for cultivation. Forest is to maintéiie ecological balance and provide firewood, &@mimedicinal herbs and
aromatic chemicals to the mankind. It also offéws $cope for horticultural plantation, pasture dgwament and help in
establishing agro-forestry based industries etdaft, it is not possible to think of agriculturétmout the use of land.
Virtually, all types of production depend on thiatural resource. In land use capability classificatfor agriculture
purposes, the main consideration is the produaapacity of land and thus, the land classes araa&ed. Land is again
a key resource, for crops, pastures and grazirdslarmich feed the growing livestock and help torioye the supply of

food to living being.
MATERIALS AND METHODS

The study was confined to newly formed state Qiggeirh as a whole with all its agro-climatic zan€kere are

three agro-climatic zones of Chhattisgarh stateata@hhattisgarh plains, Northern hills and Bagtateau.
Collection of Data

The study has been undertaken to analyze theuaadpattern in Chhattisgarh state for the perio86fears
(i.e. 1970-71 to 2005-06). The data for the analgse grouped under different categories of laredaighe district and

state level. The different land uses considere@ddiection and analysis of data are given below:

* Netsown area

e Forest land (Revenue forest)

* Culturable waste land

* Land not available for cultivation

+ Fallow land

» Other un-cultivated land excluding fallows Geogiiapharea (as per village papers)
Analytical Tools

Cluster analysis approach:Study of shifts in the land use pattern is esaéinta study of temporal variation in
the area under the various categories of land. &lehese shifts can be studied conveniently byyapplthe methods of
cluster analysis and principal component analy@gough this analysis, the periods of “similar” danse pattern can be

identified instead of arbitrarily selecting themiagolved in most of the studies, which apply measwsuch as averages
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and growth rates for studying the level of shiftee approach of cluster analysis can be defineéitme two situations of

data as follows:

» Single Sample Situation:Let X;... X, be the multivariate measurements on ‘n’ objectdctvare heterogeneous.
Suppose that each of these measurements is badédvanables. Then, the observations on theseotnjects are
to be classified into ‘g’ homogeneous groups clkusters (g<n), which are as distinct as possible.

» Multi-sample situation: Suppose that the ‘n’ objects, which are to be ehast, have each) observations (j = 1
to n). These are recorded by drawing a random samplthe objects. Let Xbe the " observation vector
corresponding to thé"jobject or sample (I = 1...nj; j = 1 to n). In thisustion, the data on n samples are to be
classified into (g < n) homogeneous groups. Larelpsattern of a region refers to the various parametlated
to land use. The allocation of area to differentlase pattern may vary year wise. Year to yedatian could be
due to several factors such as the socio-econcaciors and the technological innovations in thellaee, in

addition to the weather parameters.

The year-to-year variations in the area under thal luse would normally fluctuate around a meanevalu
However, the technological impact (if any) would dleserved in the forms of sudden ‘jumps’ (quantethps). These
jumps are referred as ‘shifts’. Whenever a shituss in the area of a land, it leads to eithemaneiase or decrease in the
area under the other land use, as the total croppeal of the state is fixed. A multivariate applgawhich considers
collectively the allocation of area under the dif@ land use that defines the land use patternjddMoe reasonable. Let
‘X" be a random vector consisting of ‘p’ variableBhe variables represent the area under variowesycaes of land.

Suppose that time series data for ‘n’ years ardabla in k-variate observation vector, and thexmdata matrix is given

as:
Xigs XigyeeesXgp
X = Objectg(years)| Xy, Xpg,-s X5,
X, Xon,.., X

Before choosing a clustering method to cluster dbhgects, proximity matrix would be derived from tdata
matrices on the basis of choice of proximity meadar particular clustering method. (The n groximity matrix from n x

p data matrix is derived as)

* Ward's Minimum Variance Method: The method of clustering was originally developgdward (1963). It
was also proposed independently by several autimader the names of “Minimum Variance Clustering3um
of Squares” method (Orloci, 1967) and “Incremer@aim of Squares” method (Burr, 1968 and 1970). yidae's
(i.e. the object) have been clustered on the ldséscriterion, which is assumed to be measurirgsimilarity
between the years. Once the clusters have beerdortine objects and their respective distanceegmesented in
the form of a tree diagram, referred as Dendrogtdere, on X — axis, the objects are representdtidrsame
order as they are included in the clusters andstieen’ or links between the clusters (and the disjeare drawn
on Y-axis whose height depends on the averagendistaetween the clusters. Ward’s method involve®fuof

clusters from the matrix of inter-year distance$otlows:
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To start with, the squared distances of objectszﬁ/z(iﬁ= [... n) are computed corresponding to all pblespairs
of objects. These distances from the matrpddm Dy, the pair of objects having the least % i grouped to form the
initial cluster, say C (I). D1 represents the “ease in the total” within cluster sum of squarehaf distances from the
centroids of the C (1) with the other objects, didition to the % E* values of the objects, which are not clusterece Th

search for new clusters is again carried out orb#sss of the least values of D1.

The procedure of revising the matrix [0 =1 ...] on the basis of D(1) and the searchtfog fusion of clusters is
continued till at the fusion of clusters are conddirinto a single cluster. The values gfduring each step of fusion
provide ‘links’ or distances between the clustard the object through which the dendrogram candmetcucted. During

every step of fusion, the matrix D is revised inrte of an Index | which can compute as follows:

n(i)n(i)
n(i) +n(j)

Where, x (i) and x (j), are respectively the ceitsof the clusters C (i) and C (j) which consists (i) and n (j)

IlcG)cn]= [xi) - x(D[f

objects. This method of clustering has been us@ddasent study.

Principal Component Approach: This approach is also commonly applied in regiatadsification studies. The
approach has the characteristic property thateitifles the distant objects more ‘faithfully’ théime closer ones (Rohlf,
1970). This property would be useful in identifyitige shifts in the land use pattern. In the contéxtudying the shifts in

the land use pattern, the approach can be forntuéetdollows:

It is found to be convenient to apply the principamponent approach for clustering the objects e years)

with the same (n x p) data matrix, used earlierccfaster analysis approach, given as follows:

Variables or land use parameter

X = X21,x 22t pr

X 12 X nz s X

Data matrix represents same database of obsersdtioan year on each of ‘p’ variableg, X;, ..., Xp, these ‘p’
variable represents a land use characteristica)(@®responding to the ‘p’ land use variable ttefine the land use

pattern of the region.

The time series data on ‘p’ variables in the dagdrimcan be then subjected to the principal conspbnalysis.
The analysis provides a dimension space in the foffmprincipal component and principal componentreso So, the
complete procedure of obtaining these principal goments starts with determining a new variabl¢hat can be used to
account for the variation in the p X variables. Thsult can be used to provide a matrix approxiomatdr data matrix X.

the principle component;Zs given by a linear combination of p X variables as:
Zl = V11X1+V21X2+ ...... + Vplxp
RESULTS & DISCUSSIONS

The analytical results obtained by analyzing th&acollected for a period of thirty-six years (frd970-71 to
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2005-06) for three agroclimatic zones of the Chégéirh state has been discussed in this chapterrédults obtained so
far have been divided into several sections tevering the existing land use pattern along whth shift in the land use
pattern at agroclimatic zone level. The resultsehiagen arranged, covering full time span with cblogical break up, in

terms of dimensions of land use and relative chauoger time.
Existing Land Use Pattern of Chhattisgarh State

The existing land use pattern of the state of @Hdgarh during the period under reference (i.emfrl970-71 to
2005-06) has been discussed at the state levied ifolowing section.

The State Level

The existing land use pattern of Chhattisgarhestat the period from 1970-71 to 2005-06. The altsobrea
under forest in 2005-06 was 18.19 lakh ha, whichG97 lakh ha lower than the reported area of IR/@Which shows
that there is a gradual decline due to deforestatighorized by the forest department and un-notitestruction of plants

by the public in general.

The net sown area in 2005-06 was 47.63 lakh hahmsi 2.8 lakh ha higher than the reported areB9@D-71.
This increase was due to growing population pressund expansion in demand of land for multiple ugasing this
period, the net sown area increased by 6.24 péroééne reported area in the base year (1970-71).

The land put to non-economical uses such as ablkeiwasteland and area not available for cultivatevealed
upward trend i.e. culturable wasteland increasech f2.86 lakh ha to 3.39 lakh ha which is 18.53qaet of the reported
area in the base year (1970-71). Similarly, the a@ available for cultivation which includes therren land and land put
to non-agricultural uses i.e. the land under roeaibyays, houses, rivers etc increased from 9008.91 which is 9.50 per
cent increased of the reported area in the basel@§d®-71. Whereas, the land under fallow whicludes old and current
fallow, land excluding fallow land revealed slightthange over the period of study. It was mainlg do increasing
population pressure on land and growing concerntathe economizing the use of land resources. M@nedhe fallow
land remaining same from 4.84 lakh ha to 4.85 lehThe situation can be remedied by enhancingrigation facilities,
provided proper drainage, following optimum usefetilizers and also pursuing dry farming technigjue the rain fed

area.

The comparative picture of land use pattern, dutive period 2005-06 for the state of Chhattisgarti India is

presented in Table 1, which reveals the relativ@tipm in each category of land use at the StatieNational level.

Table 1: Comparative Land Use Pattern between Chhésgarh and
India during Year 2005-06

Area Under Different Categories of Percentage of Geographical ares

S. No. Particulars Land (lakh ha)
India Chhattisgarh India Chhattisgarh
1. Geographical area 3287.26 92.56 100.00 100.00
2. Forest land 696.72 18.19 21.19 19.65

Area not available for
cultivation includes
3. [ areaundernon 27417 9.91 8.34 10.70
agricultural uses,
barren and uncultivated

land
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Other uncultivated landg
excluding fallow land
this includes permaner
pastures and
miscellaneous tree
crops

5. Culturable waste land
Fallow land which

6. includes old and
current fallow land

7. Net area sown

—

104.30 8.56 3.17 9.24

131.86 3.39 4.01 3.6p

249.41 4.85 7.50 5.23

1413.19 47.63 42.98 51.4p

Cluster Comparison Tables

Table 2: Shifts in Area under Land Use Pattern in @hattisgarh State

. Principal Component
Clusters | Cluster Analysis Analysis
I 1970-71 to 1975-76 1970-71 to 1975-76
Il 1984-85 to 1995-96 1984-85 to 1995-96
1] 1976-77 to 1983-84 1976-77 to 1983-84
\Y; 1996-97 to 2005-06 1996-97 to 2005-06

Table 3: Comparisons of Both the Approach Based on
Percentage of Area

No. of Clus:ﬁlr;;gl No. of | Percentage
Cluster Similar of
Data base Analysis (Sl Clusters | Similarity
Approach
Chhattisgarh state 4 4 4 100

Shifts in the Land Use Pattern Corresponding to Chhttisgarh State

The results of shifts in the area under the diffedand use pattern over 36 years for the state a$ole are
represented with 4 clusters in Table 4.8 & Figurke Dendogram obtained for Chhattisgarh state udfiagd’s minimum
variance using cluster analysis approach is giveRigure 4.2. It can be observed that on aggredates of the entire
state of Chhattisgarh the net area sown recordéacegase in the period | to I, the increase wa® percent, from period

[l to IV the increase was corporately marginalZp&rcent, but for period Il to 11l a decrease dfBpercent.

Forest and culturable waste land register a deered 17.10 and 9.24 percent respectively in atgangl the
period Il over period I, then in the period Il arcrease of 8.58 and 11.46 percent respectivelgiwhias relatively low.
Land not available for cultivation showed an inaeaf 11.69 percent in area during Il over peri@hd in period IV an

increase of 3.96 percent over period Ill. But imipe |1l over period Il decrease of 3.81 percenswaserved.

In case of fallow land a different trend was oledr area of fallow land decrease slightly (0.2dcemet) in period
Il over I, then increased (13.36 percent) in petibéind then again there was a decrease of 10e@dept in period IV.
Other uncultivated land recorded a decrease of pé¥dent, 0.21 percent and 6.73 percent in peripdilland IV

respectively.
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Table 4: Shifts in Area under Land Use Pattern in
Chhattisgarh State (1970-71 to 2005-06)

45

rercentage shiic in area

@ Net areasown

rFerioas i « il

@ Forest

7 Land not available for cultivation m Fallow land

O Culturable waste land
| Other uncultivated land

Mean 45.4( 27.83 3.46 9.16 4.6t 9.51
1] Mean 48.0¢ 23.07 3.14 10.23 4.64 9.23
% Shift 5.7¢ -17.10 -9.24 11.69 0-21 -2.94
Il | Mean 46.5:¢ 25.05 3.50 9.84 5.2¢ 9.21
% Shift 3.1¢ 8.58 11.46 -3.81 13.3¢ -0.21
IV | Mean 47.9¢ 18.40 3.33 10.23 477 8.59
% Shift 3.0z -26.54 -4.86 3.96 10.0¢ -6.73
Clusters Periods
I 1970-71 to 1975-76
1] 1984-85 to 1995-96
1 1976-77 to 1983-84
v 1996-97 to 2005-06

Percentage shiftin area

2R e e
oNn B~ O

SANONNO®

ONet area sown
OLand not available for cultivatic

BForest

Period Il & Il

BFallow land

OCulturable waste lar
BOther uncultivated lar
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Period 1l & IV

Percentage shift in area
&

ONet sown ared@Forest landdculturable waste lan@Land not available for cultivatioBFallow land@Other uncultivated langl

Figure 1: Shifts in Area of Land Use Pattern in Chlattisgarh State (1970-71 t02005-06)

Ward' s mathod

Euclidaan dislances

o 30 40 B0 80 10N

Figure 2: Dendogram Obtained Using Ward’s
Method for Chhattisgarh State

CONCLUSIONS

The following summary and conclusions are fromwdran the present study on periods of shifts indlamd

various land use parameters corresponding to Gbhath state:

In the context of the shifts in land use pattem phocedure of cluster analysis, in particular, t&amethod and principal
component method can be applied. The shifts idedtiinder the corresponding situation in the presemly using cluster
analysis are same as those obtained with prin@paiponent analysis. Both the approaches found tsuitable in
classifying the years, in view of the homogeneitylosters within themselves. Forest recorded dmad35.63%)in the
recent years in Chhattisgarh state as a wholetsSififarious land use pattern in Chhattisgartestata whole registered a

considerable increasing (0.86%) land not avail&neultivation followed by net area sown.

The results corresponding to the shifts in variemsl use in Chhattisgarh plains under study yehesculturable

waste land (18.53%) and land not available forivatiton recorded considerable positive shifts i@ lgnd utilization level
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of the region land relatively high shift potentiat culturable waste land followed by net area sdinorease 2.8 lakh ha.)

was observed. This increase was due to the maxioowarage of the Chhattisgarh plains. The shiftgasfous land use

characteristics in northern hills the uncultivatadd and net area sown increased in positive dmeaethile categories of

lands are shifted in negative direction. In theerdg/ears culturable wasteland recorded negatiifes $ more than other

land. The shifts in the area of various land usBastar plateau is positive in these region, Fdeast, net area sown and

culturable wasteland showed negative shifts inghegions.
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