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CHARACTERIZATION, EVALUATION AND CLASSIFICATION OF SOILS OF
AIZAWL DISTRICTS, MIZORAM USING REMOTE SENSING AND GIS

Lalnunsiama Colney
Lungmuana

Abstract : Taxonomic classification of soils of Aizawl District was carried out
using Remote Sensing and GIS. Soil survey interpretations revealed that the
soils of Aizawl District were categorized into 14 series, 8 subgroups, 3 great
soil group and suborder and three soil orders of which, Inceptisols is the domi-
nant order followed by Ultisols and Entisols. All the soils are acidic in reaction
with medium to very strongly acidic (4.56 to 6.08). Organic carbon content var-
ies from 0.38 to 1.94 % and most of the soils are in medium category and in
almost all the soils the organic carbon content decreases with depth which
might be due to the decrease in the organic matter content with increasing
depth. Cation Exchange Capacity (CEC) varies from 2.28 to 26.15 cmol(p+).
Magnesium is the dominant exchangeable cation ranging from 0.2 to 4.6 meq/
100 g, calcium range from 0.1 to 1.6 meq/ 100 g, potassium range from 0.05 to
0.54 meq/ 100 g and sodium range from 0.10 to 0.35 meq/ 100 g. The area has
been classified into land capability class Ile, Ille, IVe, VIe and Vlle, in all the
soils the major limitation was moderate to severe soil erosion owing to gentle to
very steep slopes.

Keywords : Characterization, classification, soil, Aizawl, Remote sensing and
GIS

Introduction

Soils are the most valuable life supporting natural resource for
the society since they produce food, fibre and fodder which are basic to
our very existence. More than ninety percent of world's food production
is dependent on soil (Venkataratnam & Manchanda, 1997). For a sus-
tained utilisation of the soil resource, it is imperative to know the
nature, characteristics, extent of different soils. Reliable information
on soil and land resources is prerequisite in suggesting suitable land
use plan and management of land resources. For optimum utilization
of available land resources on a sustainable basis, timely and reliable
information on soils regarding their nature, extent and spatial distri-
bution along with their potentials and limitations is important (Shalima
Devi and Anil Kumar, 2008). Remote Sensing techniques have reduced
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field work to a considerable extent and soil boundaries are more pre-
cisely delineated than in conventional methods. The potential utility of
Remote Sensing data has been well recognized in mapping and assess-
ing land attributes such as physiography, soils, land use/ land cover,
relief and soil erosion pattern (Potdar et al., 2003; Velmurugan and
Carlos, 2009). The satellite data were utilized in preparing small scale
soil resource maps showing soil subgroups and their association for
about three decades (Mirajkar & Srinivasan, 1975; NRSA, 1979 & 1981).
The soils of Mizoram are the product of slow diagenic changes of acidic
parent material causing inherent soil acidity, and high precipitation
further aggravates this problem due to leaching of basic cations (Mishra
and Saithantluanga, 2000). Soils are generally fertile and responsive
to fertilizer application. Soils are acidic, rich in organic carbon but very
poor in available phosphorus and potassium content (Kumar, 1997).
Rocks of this area are generally sandstone and shale, the derived soils
are mostly red and yellow loamy. According to the genetic system or
major soil groups classification, soils of Mizoram or Aizawl falls under
red and lateritic soils (Seghal, 2005). Detailed reports about the soils of
this district is very rare therefore the present investigation was under-
taken to classify the soils upto series level.

Materials and Methods

The study area is situated in the northern part of Mizoram be-
tween 24°25'16.04" and 23°18'17.78" N latitudes and 92°37'03.27" and
93°11'45.69" E longitudes covering an area of 3576.31 sq.km. Soil sur-
vey of the area was carried out using digital data of IRS-ID LISS III.
Base map was prepared from Survey of India topographical sheets num-
ber 83D/ 15, 83D/ 16, 84A/9, 84A/10, 84A/11, 84A/13, 84A/14 84A/15,
84E/1, 84E/2, 83H/3 and 83H/4. As the soil is a three dimensional
body and as Mizoram as a whole received about 2000mm rainfall
annually, the land is covered by full of vegetation. As such, physiographic
unit were delineated from the satellite imagery. The physiographic
unit and soil profiles studied at ground truth and analysis were
incorporated for preparing soil map of the area. The soil map was prepared
on the scale of 1:50,000. The Arc GIS software was used for spatial and
attribute database generation and preparation of thematic map. The
taxonomic classification of soils of this area was done according to Soil
taxonomy (1988) on the basis of their physico-chemical and morphological
properties and by traversing the area. Sample strips selection was done
for detailed examination of the soils occurring in various units. A total
of 143 soil profiles were examined, out of which 14 soil profile were
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processed and analysed for various physico chemical properties such
as pH, Organic carbon (Walkley and Black method), Sodium and Potas-
sium by the standard procedures of Jackson(1973), Mechanical analy-
sis by hydrometer method (Bouyoucos, 1962), CEC by the method of
Schollenberger and Simon(1945), Calcium and Magnesium by complex-
metric titration using ethylene diamine tetra-acetic acid (EDTA)
(Barrows and Simpson, 1962). Percent Base Saturation by dividing the
sum of basic ions (S) by total cations (T) multiplied by 100 (S/Tx100).
The soil colour was measured by using Munsell colour chart. Land
capability classification was also evaluated by using the criteria laid by
Klingebiel and Montgomery (1961).

Results and Discussion

Aizawl District of Mizoram experiences warm humid sub-tropical
climate. It is under the direct influence of monsoon. The average an-
nual rainfall from 2000 to 2010 is 2560 mm. On the basis of rainfall and
humidity, the soil moisture regime is classified as Udic. It is observed
that the mean summer temperature (June to August) is 24.56°C and
mean winter temperature (December to February) is 18.0°C and their
difference is 6.56°C which exceeds 5°C and the soil qualify for Hyper-
thermic temperature class to be used as family modifiers.

Soil characteristics and description

On the basis of field observations and laboratory analysis, soils
of the area have been classified into 14 soil series (Table 1). The soils of
Sialsuk and Vervek are deep to very deep, dark yellowish brown (10YR
4/3) to yellowish brown (10YR 5/6) in colour, clayey loam, well drained,
strongly acidic in reaction on hill side slope and hill top and crest with
moderate to severe erosion. Soils of Thingsulthliah are very deep, dark
yellowish (10YR 4/4) to brownish yellow (10YR 6/6), strongly acidic
with sandy clay loam surface and clayey loam to clay sub-surface, well-
drained on hill side slopes and hill crest and top, moderate to severe
erosion and cutans are formed. Soils of Khawlian are very deep, dark
yellowish brown to strong brown (7.5YR 4/6), sandy clay to clay sub-
surface, very strongly acidic, well drained on hill side slopes with
moderate to severe erosion, cutans are also formed. Soils of Aibawk
have very deep, dark yellowish brown to strong brown (7.5YR 4/6), clayey
loam, very strongly acidic, well drained on hill side slopes with moder-
ate to severe erosion. Soils of Sihphir are very deep, dark yellowish
brown, sandy clayey loam to clay, medium to strongly acidic, well drained
on hill side slope, moderate to severe erosion with cutans. Soils of
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Aizawl are very deep, dark yellowish to dark brown, strongly acidic
surface and very strongly acidic sub-surface, clayey loam to clay, well-
drained, hill side slopes with moderate erosion. Suangpuilawn soils
are very deep, dark brown to strong brown, sandy clay loam to clay,
strongly acidic to very strongly acidic, well drained, hill side slopes
with moderate erosion .Chalfilh and Darlawn soils are very deep, dark
brown to dark yellowish brown, clayey to sandy clay loam, very strongly
acidic, well drained, moderate erosion with cutans. Tawizo soil are
very deep, dark brown(10YR 3/3) to yellowish red(7.5YR 5/6), clayey
loam to clay, very strongly acid, well drained on hill side slopes with
severe to moderate erosion, patchy thin cutans are formed. Tuirini
soils are very deep, yellowish brown to brownish yellow (10YR 6/6),
clayey loam to sandy clay loam, medium to strongly acidic on narrow
valley, poorly drained with slight erosion. Soils of Tuivawl are deep to
very deep, dark brown to dark yellowish brown, sandy clay loam surface
and clay sub-surface, very strongly acidic, poorly drained, narrow valley
while slight erosion while Saitual soils have very deep depth, dark
brown to strong brown, sandy clay loam to clay loam, strongly acidic,
moderately well drained with moderate erosion.

Physico chemical properties

All the soils are acidic in reaction with medium to very strongly
acidic (4.56 to 6.08). Organic carbon content varies from 0.38 to 1.94 %
and most of the soils are in medium category and in almost all the soils
the organic carbon content decreases with depth which might be due
to the decrease in the organic matter content with increasing depth.
Cation exchange capacity (CEC) of soils varied from 2.28 to 26.15 cmol(p+).
Magnesium is the dominant exchangeable cation ranging from 0.2 to
4.6 meq/100 g, calcium ranging from 0.1 to 1.6 meq/100 g, potassium
range from 0.05 to 0.54 meq/100 g and sodium from 0.10 to 0.35 meq/
100 g (Table 2).

Soil classification

Soil taxonomy is a comprehensive classification system of soil
which keys out soil order, suborder, great group, sub-group and family
in different steps. The investigation reveals that soils of Aizawl district
is divided into three soil order - Entisols, Inceptisols and Ultisols (Table
1). Inceptisols is the dominant order followed by Ultisols and then
Entisols, this finding is similar to the findings of (NBSS and Director-
ate of Agriculture, 2001). The physiographic classification and their
area covered are given in table 4 and the soil map based on the physi-
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ographic unit on figure 1. The soils/pedons of Tuirini, Tuivawl, Saitual,
Aizawl, Sialsuk, Aibawk, Suangpuilawn and Darlawn series have cambic
horizon and thus were categorized as Inceptisols and Ochrepts subor-
der owing to the presence of umbric epipedon that is less than 25 cm in
thickness and soil temperature regime warmer than mesic. As this
pedons have base saturation less than 60% and have udic soil moisture
regime they are classified as Dystrochrepts soil group. The seriesof
Tuirini has been classified under the subgroup Aquic owing to the
decrease in organic carbon content with depth and do not have a lithic
contact and argillic horizon in the pedon. The series Aizawl, Sialsuk,
Aibawk belongs to subgroup Typic owing to decrease in organic carbon
content with depth and characterized by moderately deep, deep to hard
rock. The series of Tuivawl belongs to subgroup Fluventic owing to their
formation on flood plains of rivers draining regions. The series Saitual
belongs to subgroup Fluventic Umbric by having darker epipedons than
the Typic. The series of Suangpuilawn and Darlawn belongs to subgroup
Umbric as this are soils of steep slope. The soils/pedons of Sihphir,
Thingsulthliah, Khawlian, Chalfilh and Tawizo series have clay en-
riched subsurface horizons with base saturation less than 35%, so
they are classified under soil order Ultisols and Udults suborder owing
to udic soil moisture regime. These were classified under soil group
Hapludults owing to the presence of ochric epipedon and a thin or
moderately thick argillic horizon. The series of Sihphir, Thingsulthliah
and Khawlian belongs to the subgroup Typic as this soils are freely
drained soils, have an ochric epipedon that is not both thick and sandy
while the series of Chalfilh and Tawizo belongs to the subgroup Humic
owing to the presence of umbric epipedon. The soils/pedons of Vervek
series belongs to the order Entisols as these soils do not have any
diagnostic horizon. As these soils are not permanently saturated with
water and have slope greater than 25 %, they are classified as subor-
der Orthens and soil group Udorthens owing to the Udic soil moisture
regime. As these soils are not saturated with water for as long as one
month within the surface and not having a lithic contact within 50 cm
of the surface, they are classified as Typic Udorthens.

Land capability classification

Land capability classification (Klingebiel and Montgomery, 1961) is a
broad grouping of soils based on their limitations and also serves as a
guide to assess suitability of the land for cultivation, grazing and forest
plantation. The grouping of soils into capability to produce crops and
pasture plants without deterioration over a long period of time. It is
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mainly based on the (i) inherent soil properties, (ii) external land fea-
tures, and (iii) environmental factors that limit the land use.

The soils of Aizawl were evaluated for land capability and grouped
into five land capability class. The area has been classified into land
capability class Ile, Ille, IVe, Vle and VIle. The statistics of land capa-
bility classes are given in Table 3 and the capability map on figure 1. In
all the soils the major limitation was moderate to severe soil erosion
owing to gentle to very steep slopes.

Conclusion

It can be concluded from the available data that the dominant
order is Inceptisols which means the soil are young. Soils are deep to
very deep under steep to very steep slopes and hill ridge. The main
problem is soil erosion due to the steepness of the slopes and soil
acidity due to heavy rainfall. However, the area is suitable for agricul-

tural and horticultural cultivation and allied activities such as
sericulture, forest plantation etc.

A Sournal of GAM



Table 1: Soil classification of Aizawl district

S1 Order Sub Great Sub group Family Proposed Land
no order soil soil capabili
group series ty class
1 Entisols Orthents | Udorthe | Typic Loamy Vervek IVe
nts Udorthents | Skeletal,
Mixed,
Hyperthermic
2 Inceptisols | Ochrep | Dystroc Aquic Fine Loamy, Tuirini ITe
ts herpts Dystrocher | Mixed,
pts Hyperthermic
Fluventic Fine Loamy, Tuivawl Ile
Dystrocher | Mixed,
pts Hyperthermic
Fluventic Fine Loamy, Saitual Ile
Umbric Mixed,
Dystrocher | Hyperthermic
pts
Typic Fine Loamy, Aizawl Ille
Dystrocher | Mixed,
pts Hyperthermic
Loamy Sialsuk IVe
Skeletal, &Vlile
Mixed,
Hyperthermic
Clayey, mixed, | Aibawk Ille &
hyperthermic IVe
Umbric Fine loamy, Suangpui | Ille &
Dystrocher | Mixed, lawn Vie
pts Hyperthermic
Loamy Darlawn IVe &
skeletal, Vie
Mixed,
Hyperthermic
3 Ultisols Udults Hapludu | Typic Fine Loamy, Sihphir
Its Hapludults | Mixed,
Hyperthermic
Loamy Thingsult | Ille, IVe
Skeletal, hliah & Vlle
Mixed,
Hyperthermic
Clayey, mixed, | Khawlian | IIle
hyperthermic
Fine Loamy, Chalfilh IVe &
Mixed, Vie
Hyperthermic
Loamy Tawizo IVe &
Skeletal, Vie
Mixed,
Hyperthermic
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Table 2: Physico chemical properties of soils of Aizawl district

Hori | Depth Mechanical pH ocC CEC Exchangeable bases B.S %
zon |cm analysis (1:2) | % Meq/1 | Meq/100 g
Sand | Silt | Clay 00g Ca++ | Mg+ | K* | Na+
Vervek. Loamy skeletal, mixed, Hyperthermic, Typic Udorthens
Al 0-14 42 23 135 5.45 | 1.35 [26.15 1.5 1.5 0.54 10.35 | 14.65

AC 15-25 43 21 | 34 525 | 1.10 [ 25.42 1.3 1.1 036 |0.25 | 12.62

C 26-55 44 21 |35 5.12 | 1.00 ] 25.32 1.1 1.0 0.35 10.22 ]10.90

Sialsuk. Loamy skeletal, mixed, Hyperthermic, Typic Dystrochrepts

AP 0-14 42 19 [ 39 5.15 | 1.55 |7.88 0.6 4.6 0.14 |0.14 | 56.22

Al 15-34 41 22 |37 525 | 1.46 | 6.05 0.11 |34 0.08 |0.15 | 50.37

A3 35-60 42 23 135 5.12 [1.24 |5.83 0.3 2.1 0.07 [0.15 | 45.07

B2 61-80 42 24 134 5.07 ] 0.95 |6.89 0.3 2.5 0.11 ]0.19 |45.04

C 81-110 44 25 |31 5.083 | 0.87 ]6.19 0.2 2.6 0.09 |0.17 |49.00

Aibawk. Fine loamy, mixed, Hyperthermic, Typic Dystrochrepts

AP 0-14 40 21 139 4.88 | 1.24 ]9.58 0.5 3.9 0.11 |0.14 |4826

Al 15-34 41 21 136 472 | 1.15 [8.86 0.3 3.7 0.11 [0.13 | 42.77

A3 35-60 39 22 139 471 1095 ]9.72 0.5 2.3 0.11 ]0.19 | 32.56

B2 61-88 38 25 137 460 [0.72 11094 |04 3.1 0.11 |0.17 | 32.68

C 89-115 37 22 140 456 054 [10.74 ]0.5 3.1 0.10 ]0.12 | 35.80

Darlawn. Loamy skeletal, mixed, Hyperthermic, Umbric Dystrochrepts

Al 0-14 42 19 [ 39 5.35 [ 1.22 | 5.06 0.7 1.9 0.24 [0.14 |63.08

A3 15-34 40 20 140 524 |1 1.11 [6.19 0.6 2.6 0.21 |0.14 | 5896

B2 35-60 44 13 43 5.12 | 1.08 |4.62 0.6 0.9 0.19 |0.15 | 34.18

B3 6190 41 12 147 5.04 [0.78 |5.52 0.6 1.0 0.32 [0.17 | 4237

C 91-126 | 39 13 [ 48 5.01 [0.61 |4.60 0.8 0.8 0.23 |0.14 |43.50

Si uilawn. Fine loamy, mixed, Hyperthermic, Umbric Dystrochrepts

All ] 0-14 47 24 129 5.87 |1 1.62 [7.67 1.1 2.1 0.09 |0.15 | 5394

Al2 | 15-34 46 24 130 5.72 [1.56 |7.82 1.0 2.1 0.13 |0.18 |45.56

A3 35-60 42 22 136 535 [1.24 |5.64 04 1.1 0.12 10.21 |39.03

B2 61-90 40 20 140 5.08 [0.88 |4.92 0.6 0.9 0.10 [0.16_| 34.35

B3 91-112 40 18 [ 42 484 |0.72 ]4.54 04 0.8 0.12 ]0.17 | 30.93

C 113-135 | 34 17 | 49 4.65 | 0.52 |4.72 0.2 0.6 0.13 | 0.19 | 24.54
Tuivawl. Fine loamy, mixed, Hyperthermic, Fluventic Dystrochrepts
AP 0-14 52 19 | 29 4.82 | 0.99 |6.01 0.6 1.8 0.12 | 0.19 [45.16

Al 15-38 52 18 [ 30 4.75 | 0.77 ]5.39 04 1.4 0.09 |0.20 |3882

A3 38-60 44 20 | 36 4.70 | 0.48 |4.38 0.2 1.0 0:08 0.19 | 33.83

B2 61-82 45 16 [ 39 461 | 041 |4.04 0.2 0.9 0.01 |0.12 |30.84

B3 91-108 35 20 145 4.55 038 |3.29 0.1 0.8 0.07 [0.12 | 2547

Saitual. Fine loamy, mixed, Hyperthermic, Fluventic Umbric Dystrochrepts

AP 0-14 53 19 [ 28 548 | 1.12 |4.89 0.6 1.1 0.18 |0.18 |44.07

Al 15-30 50 20 130 542 |1 1.05 [3.36 0.6 0.9 0.11 |0.12 |43.87

A3 3048 50 18 |32 525 [0.95 |3.06 04 0.6 0.14 10.14 |34.18

B1 48-70 41 22 |37 523 [0.88 |2.68 0.2 0.2 0.09 [0.18 |29.71

B3 71-105 40 22 138 5.18 [ 0.67 |2.74 0.2 0.2 006 |0.11 |21.22

Tuirini. Fine loamy, mixed, Hyperthermic, Aquic Dystrochrepts

AP 0-14 41 19 {40 6.08 |1.44 |7.79 1.1 2.9 0.09 |0.19 |40.79

Al 15-30 43 20 |37 545 [ 1.24 ]6.35 0.8 2.6 0.07 |0.16 | 43.62

A3 30-56 44 19 [ 37 538 [1.08 |6.77 0.6 2.5 0.08 10.22 |4492

B2 57-82 46 18 [ 36 5.31 | 0.76 |5.89 04 1.8 0.06 |0.28 |47.34

B3 83-112 48 20 | 32 522 | 0.65 [4.27 04 0.9 0.14 | 0.27 | 5042

C 113-125 | 50 19 [ 31 5.11 | 0.62 [5.66 0.6 1.1 0.22 |0.21 |51.22
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Aizawl. Clayey, mixed, Hyperthermic Typic Dystrochrepts
AP 0-14 43 19 | 38 544 | 1.68 | 5.66 0.6 1.6 0.31 | 0.18 [ 48.80
Al 15-34 40 20 | 40 5.40 | 1.55 | 4.85 0.4 1.4 0.26 | 0.15 | 52.66
A3 3549 40 19 | 41 526 | 0.92 | 3.75 0.2 1.2 0.17 | 0.12 | 38.96
B2 30-72 34 21 | 45 5.11 | 0.78 | 3.13 0.2 0.8 0.11 | 0.14 | 42.62
B3 83-102 | 32 18 | 50 498 | 0.59 |2.90 0.1 0.6 0.12 | 0.12 | 39.15
C 103-128 | 31 17 | 32 492 | 0.51 |2.28 0.1 0.4 0.15 | 0.11 | 43.01
i thliah. Loamy skeletal, mixed, Hyperthermi ic Hapludults
Al 0-14 48 20 | 32 565 | 144 [ 1091 |14 2.6 0.26 | 0.14 | 42.27
Bit [ 15-38 46 19 | 35 5.54 | 1.25 | 9.80 1.6 1.8 0.18 | 0.17 | 33.72
B2t | 39-72 45 17 | 38 546 | 1.08 | 9.74 1.6 1.4 0.14 | 0.15 | 33.31
B3 73-96 42 18 | 40 532 | 0.82 | 858 0.8 0.9 0.12 | 0.11 |24.77
(@] 96-126 | 37 18 | 45 521 | 0.74 | 7.87 0.6 1.0 0.11 [ 0.18 | 24.19
Khawlian. Clayey, mixed, Hyperthermic, Typic Hapludults
Al 0-14 46 11 | 43 521 | 1.9 | 8.07 1.1 2.7 0.24 | 0.12 | 51.69
Bl1t | 15-38 45 13 | 42 492 | 1.58 | 7.99 1.0 1.2 0.16 | 0.16 | 33.67
B21t | 39-61 38 16 | 46 482 | 1.32 | 7.16 1.2 0.6 0.16 | 0.18 | 31.60
B22t | 62-82 35 17 |1 48 471 1 092 [632 0.6 0.8 0.14 |0.13 [ 27.22
B3 83-105 | 31 19 | 0 465 | 0.65 | 5.18 0.4 0.6 0.08 | 0.10 | 22.85
C 106-126 | 27 20 | 53 461 | 051 |5.17 0.2 0.4 0.07 | 0.12 | 15.73
Chalfilh. Fine loamy, mixed, Hyperthermic, Humic Hapludults
Al 0-14 A 19 | 47 496 | 1.67 | 8.63 1.2 1.6 0.11 | 0.12 | 35.15
Bilt [ 15-35 36 19 | 45 482 | 1.15 [9.15 0.8 2.1 0.08 | 0.14 | 34.42
B21t | 36-67 37 17 | 46 476 [ 092 | 8.51 0.6 1.3 0.06 [ 0.12 | 29.52
B22t | 68-92 31 18 | 51 4.67 | 0.72 | 8.53 0.6 1.4 0.17 |10.14 | 27.39
B3 93-127 | 49 22 | 29 463 | 0.56 | 7.93 0.6 1.3 0.05 | 0.16 | 26.94
Tawizo. Loamy skeletal, mixed, Hyperthermic, Humic Hapludults
Al 0-14 37 24 | 39 492 | 1.18 | 6.07 0.4 1.6 0.19 | 0.17 | 39.04
B21t | 15-35 39 22 [ 39 4.84 [ 1.11 | 642 0.4 1.4 0.12 [ 0.18 | 2997
B22t | 36-61 38 20 | 42 4.67 | 0.8 | 7.61 0.6 1.2 0.14 | 0.28 | 31.70
B3 62-98 35 19 | 46 462 [ 0.72 | 6.81 0.6 0.8 0.16 | 0.17 | 25.16
C 99-130 | 33 18 | 49 4.61 | 0.65 | 5.60 0.4 0.4 0.11 |0.14 | 23.29
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Table 3: Land capability statistics of Aizawl District.

10

Sl.No Land Brief description Area
capability o
class Sq.km o
1 Ile Good arable land on gentle slopes, | 26.46 0.74
susceptible to slight water erosion, very deep
soil, suitable for agricultural development
2 Iile Moderately good land on strongly sloping to | 130.89 3.66
steep, susceptible to severe water erosion,
deep to very deep soil, suitable for
agricultural and horticultural development
3 IVe Fairly good land on steep to very steep| 1673.71 | 46.80
slopes and hill ridge, highly susceptible to
water erosion, deep to very deep soil,
suitable for agro-horticultural, sericulture
and silvipastoral development
4 Vle Land with moderate limitations on very very | 1382.60 | 38.66
steep, highly susceptible to water erosion,
deep to very deep soil, suitable for
horticultural plantation and forestry
5 Vile Land with severe limitations on very very | 299.70 8.38
steep slopes, subject to severe erosion.
Unsuitable for cultivation but suitable for
social forestry an dgrazing
6 Built up 48.64 1.36
land
7 Water 14.31 0.4
body
TOTAL 3576.31 | 100
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Figurel: Land capability map of Aizawl district.
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DRAINAGE MORPHOMETRY : A TECTONIC INFERENCE FROM
LOWER TLAWNG SUB WATERSHED IN AIZAWL DISTRICT

Ch. Udaya Bhaskara Rao

Abstract : Drainage parameters provide clues to understand the existing physi-
cal conditions of the terrain along with indication of on-going tectonic activity if
any. The computed drainage parameters such as stream length ratio(RL), bi-
furcation ratio (Rb), stream frequency (FS), drainage density (Dd), drainage
texture(Rt), constant of channel maintenance, (C) circularity ratio (Rc), elonga-
tion ratio(Re), drainage basin asymmetry factor (Af), relief ratio(Rh), and rug-
gedness number (Rn) of the lower Tlawng sub-watershed have revealed the
history of on-going tectonic activity in addition to nature of the terrain and
existing climate. The present study is an attempt to understand the nature of
tectonic activity by analyzing the computed drainage parameters.

Introduction

The drainage parameters provide clues to understand surface flow
as well as sub-surface lithological information along with the ground
water recharge conditions as there is a direct relationship with the
recharge potential. Drainage density has also direct influence on the
run-off which quantifies the volume of water that flows in an area.
Similarly, it is possible to understand the topography, erosion status of
the landscape through the analysis of drainage characteristics and the
process of associated landforms. In addition, the analysis of drainage
network helps to delineate watersheds for places where water harvest-
ing and soil conservation measures are required. Thus, it is imperative
to study some of the significant drainage parameters in order to under-
stand the surface as well as sub-surface recharge conditions.

Moreover, a majority of drainage parameters reveal the on-going
tectonic deformities. Recent attempts on drainage morphometry made
in different parts have revealed several tectonic implications along with
the terrain characteristics.

Srinivasa et al. (2004) have inferred the on-going tectonic activity
in the sub-watersheds in the Pavagada area of Tumkur district in
Karnataka based on the morphometric analysis using remote sensing
and GIS techniques. Sreedevi et al. (2005) have delineated ground wa-
ter potential zones based on the interpretation of drainage parameters
of Pageru river basin on the structurally controlled terrain in Cuddapah
district of Andhra Pradesh. Bhatt et al. (2007) have revealed several

Dr. Ch. Udaya Bhaskara Rao is an Assistant Professor in the Department of Geography &
Resource Management, Mizoram University,Aizawl.
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tectonic inferences in Anandpur sahib area of Rupnagar district of Punjab
based on the geomorphological, structural, and drainage morphometric
studies. Rachan Raj (2007) has inferred the tectonic deformation of
lower Narmada basin in the western part of India based on the analysis
of drainage anomalies. Manu and Anirudhan (2008) have inferred tec-
tonic activity by drainage morphometric studies in the Achankovil river
basin in Kerala.

The drainage morphometric studies are very much useful to ana-
lyze several terrain conditions and to delineate ground water potential
zones in a structurally controlled terrain like Mizoram.

An attempt has been made in the present study to understand the
on-going tectonic activity with the help of drainage characteristics and
associated anomalies.

Materials and Methods

For the present drainage morphometric study Survey of India
toposheets on 1:50,000 scale have been used to delineate watershed
boundary and to derive relevant topographic information. Geomorphic
map has been prepared using Survey of toposheets and satellite image
(IRS P6, LISS-III, FCC) on 1;50,000 scale. The drainage morphometric
parameters have been studied by employing the techniques and formu-
lae suggested by Horton (1932 & 1945), Smith (1950), Miller (1953),
Schumm (1956), Strahler, (1957 &1964), Bull &McFadden (1977) and
Cox(1994).

Study area

The lower Tlawng sub-watershed is located between 92037'- 9204 1"
east longitudes and 23043'- 23048' north latitudes covering an area of
about 31 sq.km. in the Tlangnuam block of Aizawl district (Fig.1). As
per the watershed atlas of India, the watershed code is 3C2A8a. The
watershed is bounded on the east by a long linear narrow crested hill
range, on the west and north by the main river course of Tlawng and on
the south by a hill known as Tanhril ridge on which the village is
located. There are three villages namely Sairang, Sawkurtuichhun and
Tanhril located in the watershed with a total population of about
11302. The area experiences humid tropical climate with an average
annual rainfall of about 250 cm. Tlawng is the only major perennial
river which flows towards north and forms the western boundary of the
watershed. Chengkawl lui, Setlak lui and Changpui lui are the promi-
nent perennial tributary streams of the river Tlawng which flow to-
wards north to a considerable extent before joining the river Tlawng.
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Similarly, several un-
named ephemeral
streams also join the river
Tlawng at different loca-
tions. Tropical semi-ever-
green forest covers the
whole watershed area
with domination of bam-
boo.

Drainage

As a whole the drain-
age system of the water-
shed is characterized by
dendritic type while trel-
lis and parallel to sub-par-
allel types are also seen
at places due to sedimen-
tary nature of the rock
aided by the on-going tec-
tonic activity. The drain-
age channels are struc- 0 1 2Km _
turally controlled as the — 455 EApa——
area is tectonically active.
The main river course of
Tlawng is controlled by a major lineament over a length of about 3.5 km
in the study area. A majority of the streams which traverse this area
are guided by several active faults and fractures as evidenced by their
straight stream courses as seen clearly on satellite image.

LEGEND

— — — Study area boundary

Fig. 1 Location of the study area

Geomorphology

The area is characterized by linear to arcuate shaped structural hill
ranges separated by narrow and deep structural valleys (faultline val-
leys) with distinct trend lines in N-S and N-NE directions (Fig.2).

The hill ranges in the south-eastern and southern parts show the
highest elevation of 970 m while the central part exhibits medium
elevation structural hills at about 450 metres. Similarly, the structural
hills with lowest elevation of 147 metres are seen in the northern part
of the watershed. In general, the structural hills gradually decrease
its elevation towards north.

The entire area is criss-crossed by various tectonic geomorphic
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features like faults, frac-
tures and lineaments.
In fact, the river Tlawng
on the western boundary
of the watershed is
guided by quite a num-
ber of faults at several
sections over a consider-
able length. A majority of
the streams in the cen-
tral part of the water-
shed are controlled by
faults and fractures. A
fault scarp running over
a length of about 800
metres at about 400
metres from the western

boundary (i.e. Tlawng :::::Ia::"m'ms
river course) is a pecu- Valley fill

liar tectonic feature o 1 2Km

found in the watershed.
The presence of this
lengthy faulted scarp in Fig.2 Geomorphic features in the study area
this area is an indication of the on going tectonic activity.

LEGEND
— = — Study area boundary

Structural landforms

Structural hills
Narrow crested

Broad crested f_
Structural Valleys —_
Faultinfered F— — _F
Fracture infered ==
lgoonooy
—
e
ey,

Fault scarp

In addition to these tectonic features a narrow patch of flood plain
is seen in the northern part of the watershed along the right bank of
river Tlawng. Similarly, two prominent valley fills with assorted bouldery-
pebbly gravel of various thickness are seen along the structural valleys
in the western part of the watershed.

Lithology

The area is composed of Tertiary rocks of 20 - 40 million years old.
Various sedimentary rocks such as arenaceous and argillaceous are
seen in alternative successions with variable thickness. The promi-
nent rock types are compact silt-stones with sub-ordinate shales seen
as bands which belong to the Surma group (Bhuban Stage).

Drainage Characteristics

In the present study, the various significant aspects of linear,
areal and relief drainage parameters such as stream order, stream
length, drainage density, stream frequency, bifurcation ratio, stream
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length ratio, elongation ratio, circularity ratio, ruggedness number relief
ratio, drainage texture have been studied in detail by employing the
standard formulae proposed by eminent workers.

Linear aspects
Stream Order

Stream order is one of the significant drainage parameters which
give a general idea of the drainage network and its existing pattern.
The stream ordering of the lower Tlawng sub-watershed has been done
according to Strahler (1964) hierarchical ranking of streams.

It is found that, there are 85 1%torder streams, 23 2™ order streams,
3 3 order streams and 2 4" order streams are present. A total of 115
streams are present in all orders in this sub-watershed. The number of
streams in each order along with their length are presented in table 1.
It is observed that the stream number and their length in the water-
shed show geometric relationship following the law of drainage basins
proposed by Horton (1932).

Stream Length (L)

Stream length is an indicator which shows the relationship with
surface flow and resulted stream discharge. The length of streams of
various orders such as 1%, 2n 3 and 4% has been measured with the
help of opisometer on the drainage map.

It is observed that the 1%torder streams have a maximum length of
70 km as there are more number of

L N Table 1 Stream number and stream lengths
streams origin quite frequently and the

4th order streams measure only 5 km | Stream | Stream lenztiefénkm
length (Table 1). It is also observed that 1 85 70
the 1st and 2" order streams are found 2 33 14
flowing at high altitude over steep to 3 3 3
moderately steep sloping terrain. The 7 5 5

2nd order streams are found following
the existing faults and fractures.

Stream Length Ratio (RL)

Horton's (1932) law of stream number states that the number of
stream segments of each order form an inverse geometric relationship
with order number. The stream length ratios of the drainage in this
watershed have been calculated by applying the following formula

RL = L, /L,
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The 2" order streams show the length St T:\blei "
ratio value 0.2, 3 order streams 0.29 and ream length ratios

h . Stream Length
the 4% order streams 0.83 as presented in order ratio
the table 2. The variation in the stream length B 0.20
ratios could be due to abrupt changes in slope 3 0.29
and topography. The mean stream length ra- 4 0.83

tio of the watershed is calculated to be 0.84

using the formula Lu/Nu of Strahler (1964). The stream length ratios
show relationship with surface flow discharge and the stage of land-
scape of the watershed. In the present study the 4th order streams
show higher values as the rock in the area is highly permeable.

Bifurcation Ratio (Rb) Table 3 Bifurcation ratio values
Bifurcation ratio is defined as Bifurcation
the ratio of the number of stream | Stream order ratio
segments of the given order to the 1 3.19
number of segments of the next 2 4.60
higher order (Schumm, 1956). 3 2.50

Rb = Nu/Nu+1

Bifurcation ratio indicates the relief and dissection of the terrain
in a basin (Horton 1945). The bifurcation ratio varies for different ter-
rains or environments as stated by Strahler (1957).

In the present study, the 1storder streams show 3.19, 27 order
streams 4.6 and 3™ order streams show 2.5. The mean bifurcation value
is calculated to be 3.59. The lower Rb value obtained in the present
study is due to the presence of large number of 1stand 2" order streams.
The higher Rb value 4.6 for 2™ order streams could be due to the domi-
nant structural control over the area by the on-going tectonic activity.
The highest bifurcation ratio value is found between 1stand 2°¢ order
streams, which indicates that highest flow discharge in the area due
to high degree of slope and highly permeable soft sedimentary rocks.

Stream Frequency (FS)

The stream frequency is defined as the ratio between the total
number of stream segments formulated for all orders within a ba-

sin(> M) and basin area (A)(Horton, 1945).
Fs =Y Nu /A

The stream frequency Fs value calculated from the present sub-
watershed is 3.71. The relatively, higher Fs value 3.71 indicating the
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development of more number of streams in the watershed shows the
influence of high amount of rainfall and the soft nature of the sedi-
mentary rock.

Areal Aspects
Drainage Density (Dd)

Drainage density is a measure of intensity of dissection of land-
scape. Drainage density is defined as the length of streams per unit
area (L ) divided by the area (A) of the drainage basin. Drainage den-
sity can be expressed as

Dd = L,/A

The value Dd computed for this watershed is 3.065 km/km? which
falls in coarse drainage class in the Smith's (1950) scale of drainage
density.

Most of the drainage channels are oriented in east-west direction
which appear to be controlled by faults and fractures which indicates
the area is tectonically active. It is found that the higher order streams
like 27 and 3™ order streams are developed along the faults and frac-
tures.

Drainage Texture (Rt)

Drainage texture is the measure of spacing of drainage channels
in a drainage basin. According to Horton (1945), drainage texture is the
total number of stream segments of all orders per perimeter of the
area.

Rt = Total number of streams/Perimeter

The value obtained for the lower Tlawng sub-watershed 3.96 indi-
cates the coarse drainage texture as per Smith's (1950) drainage tex-
tures. The drainage texture of the lower Tlawng sub watershed indi-
cates the humid tropical nature of climate with high rainfall, thick
vegetation cover, highly permeable sedimentary rock, sandy-clayey soil
type with high infiltration capacity and high relief.

Constant of Channels Maintenance (C)

Schumm (1956) coined the constant of channel maintenance (C)
as the inverse of drainage density.

C=1/D

The constant of channel maintenance value calculated for lower
Tlawng sub-watershed is about 0.33 which shows that on the average
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about 330 metres surface area is required to maintain each kilometre
of the channel length following the law of drainage basins.
(Schumm,1956).

The value obtained in the present study indicates that the terrain
is more permeable due to presence of soft sedimentary rock.

Circularity Ratio (Rc)

Circularity ratio is affected by the lithological characteristic of
the basin. The circularity ratio is expressed as the ratio of the basin
area (A) to the area of the circle (P) having the same perimeter as the
basin (Miller, 1953 and Strahler, 1964). The circularity ratio (Rc) can
be expressed as

Rc =4 A/P2
Where 4 is constant

The circularity ratio value for the lower Tlawng sub-watershed is
calculated to be 0.46 which is less than 0.50 shows elongated nature
of the basin as per the law of drainage basins (Miller, 1953). The high
value of circularity ratio is found influenced by length of the basin,
stream frequency, gradient of streams of various orders in addition to
slope and drainage pattern which is controlled by the sedimentary na-
ture of rock.

Elongation Ratio (Re)

Elongation ratio is one of the significant factors of tectonic activ-
ity. Elongation ratio is expressed as the ratio between the diameter of
the circle of the same area as the basin and the maximum basin length.

Re can be calculated using the following formula
Re = 2A/n/L

Where Re = elongation ratio, 2= constant, A is the area of the
basin and L is the maximum length of the basin.

According to Strahler (1964) the values range between 0.5 and 1
shows a wide variety of climate and existing terrain conditions. The
elongation ratio value calculated for lower Tlawng sub-watershed is
about 0.27 which shows the elongated shape of the basin as the value
is less than 0.70 as per the range of values of elongation ratio (Schumm,
1956). Moreover, the value is less than 0.5 (i.e if Re < 0.50- tectonically
active) indicating the effect of folding and faulting by active tectonics
according to the scale of tectonic intensity of Bull and Mc Fadden (1977).
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Drainage Basin Asymmetry (T)

Basin asymmetry is the ratio between the distance from midline
of drainage basin to midline of active channel (Da) and distance from
basin midline to basin divide (Dd) Cox (1994). Thus, drainage basin
asymmetry can be calculated using the following formula

T = Da/Dd

The drainage basin value obtained for the lower Tlawng sub-wa-
tershed is 75. The value more than 50 suggests tilt of the basin Cox
(1994). It is clear from this observation that the area is tectonically
active.

Relief Aspects
Relief Ratio (Rh)

The relief ratio is one of the most important parameters which
reveals the relief and slope conditions. Relief ratio is expressed as the
ratio of relief of the basin (H) and the maximum length of the basin
(Lb).

Relief ratio (Rh) can be expressed as

Rh = H-h/Lb

Where H is the maximum elevation in the basin

h is the minimum elevation in the basin and
Lb is length of the basin

The relief ratio of the lower Tlawng sub-watershed is 0.099 which
shows that the Tlawng watershed has strong relief with steep slopes
as per the law of the drainage basins of Schumm, 1956.

Relative Relief (Rp)
It is the ratio of relative relief the basin and perimeter of basin.
Rp= H-h/P

The relief ratio value obtained in the present study is 0.025. The
value shows that the watershed has very high relief according to the
law of drainage basins of Schumm (1956).

Ruggedness Number (Rn)

Ruggedness number is the product of the relief of the basin (H)
and drainage density (D,) of the basin. It can be expressed as

Rn = HD,
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The ruggedness number calculated for the lower Tlawng sub-wa-
tershed is 2.97. The high ruggedness number is the indication of very
high basin drainage. According to Schumm (1956), high values are ex-
pected in a mountainous region of tropical climate with high rainfall
like Mizoram.

Results & Discussion

The studied significant drainage parameters like bi-furcation ra-
tio (Rb), elongation ratio (Re) and drainage basin asymmetry (T) reveal
the evidences of on-going tectonic activity in the area in the form of
faulting and tilting. Moreover, the drainage anomalies like presence
of straight stream courses are also an indication of faulting. A majority
of the river, stream courses and valleys in this area are controlled by
faults and fractures as the area. Similarly, the drainage parameters
such as stream length ratio (RL), drainage density (Dd) and constant of
channel maintenance (C) show the sedimentary nature of rock and
moist tropical climate. In addition, the drainage texture (Rt) and rug-
gedness number (Rn) also depict that the area falls in high rainfall
area with moist tropical climate. As a whole this sub-watershed shows
high relief with steep slopes indicated by the relief ratio (Rh).

The various landforms identified in this area show good ground
water potential to a considerable extent. As the terrain is composed of
highly permeable sedimentary rocks good quantities of ground water
can be extracted. The structural hills yield ground water in moderate
quantities wherever they are associated with faults and fractures. Good
ground water can be expected along structural valleys subject to the
nature of the existing fault or fracture. The ground water potential in
the valley fills which are seen in the western part of the watershed are
very good depending upon the thickness of the deposits. As most of the
structural valleys in this area are controlled by faults and fractures
the area is found to be good groundwater source.

Conclusion

The drainage morphometry has been proved to be a tool to under-
stand the nature of the terrain and the on-going tectonic activity. The
computed drainage parameters such as bi-furcation ratio (Rb), elonga-
tion ratio (Re) and drainage basin asymmetry (T) have revealed the
on-going tectonic activity by faulting and tilting. Similarly, the drain-
age parameters like stream length ratio (RL), drainage density (Dd)
and constant of channel maintenance (C) have indicated the sedimen-
tary nature of the terrain and humid tropical climate with high rain-
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fall. The continued tectonic activity may lead to serious environmental
problems like soil erosion and subsequent landslide hazards in the

area.
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LITERACY AND EDUCATIONAL LEVEL OF ‘TEA TRIBE’ OF
NAGAON DISTRICT, ASSAM
(A Case Study of Kondoli Tea Estate)

Mrs. Bismita Bora

Abstract : Literacy is considered to be basic components of education that
helps in the socio-economic development of the society. Education has its great
significance for a developing country like India to gear up its process of devel-
opment. In case of Assam, same condition prevails especially in the tea gar-
dens. The 'Tea Tribe' people are lagging behind in respect of literacy and edu-
cation than the general literacy level of Assam. In Nagaon district, the literacy
level and the educational attainment picture is more discouraging among the
'Tea Tribe' people in the district. Further the gender differences also influence
on the literacy in the gardens. For all these conditions a proper geographic
study is necessary.

The present paper is an attempt to analyze the spatial pattern of literacy
and education level of the 'Tea Tribe' people in Kondoli Tea Estate and also
analyze the causes behind the existing pattern. Identification of spatial pattern
of literacy and educational level will help them to adopt appropriate and func-
tional strategies in the near future. The necessary data are taken on the basis
of primary data collection and the analysis part is also supplemented by num-
ber of tables and diagrams to give a clear explanation of literacy of the Tea
Tribe' people in the district.

Introduction

Literacy and education attainment has always been considered
to be a very important dimension of any agenda for development
programme in a modern society as it reflects the socio-economic and
cultural set up of a society. In a developing country like India literacy
and education attainment is necessary because it is the basic
ingredients of economic and social development planning (Sarmah and
Retherford, 1987). In India, people aged 7 years and above who can both
read and write with understanding any language have been classified
as literates (definition adopted by census of India 2001). On the other
hand people who are blind and read in Braille are also treated as
literate. (Rai, M. 2008).

Assam, one of the economically backward states of India with its
physical, racial and socio-cultural diversities, is lagging much behind
in respect to literacy and education than many other states of the

Mrs. Bismita Bora is a Research Scholar in Department of Geography & RM,
Mizoram University
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country. This is more so in the case of 'Tea Tribe' people living in differ-
ent tea garden areas in the state. Despite the Government's all pos-
sible efforts to improve the educational status of the people, the exact
state of affairs is discouraging and frustrating particularly in case of
'Tea Tribe' people. Some of the factors like unfamiliar medium of in-
struction, poor economic condition and parental motivation etc. are
believed to be important to influence the literacy and education attain-
ment of the 'Tea Tribe' people. A proper understanding of the patterns
and processes of literacy and educational levels, disparities and
distortions in them are crucial to gear up the socio-economic develop-
ment of these people. Therefore, a study on literacy and educational
levels will help the planners to adopt appropriate and functional
strategies for the 'Tea Tribe' people.

The present paper aims at reflecting the spatial pattern of lit-
eracy and educational levels of the people of Kondoli Tea Estate as a
whole consisting of four divisions namely : Sukimbari, Rengbeng, Kondoli
and Tapatjuri in Nagaon district of Assam. The paper also aims to ex-
amine the male female differences in literacy and educational levels
and factors responsible for the present situation in the gardens.

Objectives

1. To evaluate the factors responsible for existing situation of literacy
and educational levels in Kondoli Tea Estate and its divisions.

2. To make a comparative study on literacy and educational levels
among the divisions of Kondoli Tea Estate.

3. To find out the gender differences on literacy and educational lev-
els.

4. To suggest suitable strategy for planning on educational develop-
ment for the ‘Tea Tribe’ people

Study Area

Kondoli Tea Estate under study is situated on the east side of the
Nagaon Town. Kondoli Tea Estate has four divisions of which Sukimbari
division is the main garden. The other three divisions are out gardens.
These are : i) Kondoli ii) Rengbeng and ii) Tapatjuri. The main garden
Sukimbari Tea Estate is situated about 30 kms, east of Nagaon Town.
The other gardens is situated about 12kms radius from the main garden.
The river Nonoi is flowing near the Kondoli Tea Estate.

Data Base and Methodology

The data were collected from primary sources. A household survey
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was conducted during September to October /2009. A total of 312
individuals of different families were randomly selected in such a way
that each individual can give detail informations about the literacy and
educational levels of his/her family. Among the 312 individuals, 156
individuals were selected from Kondoli division, and 52 each from
Sukimbari, Rengbeng and Tapatjuri divisions. Questionnaires were sup-
plied to each individuals in such a way that they were given free atmo-
sphere to share the informations. Further the data were tabulated to
give a clear picture of the result.

The following method has been adopted in the present study-

The samples of literacy and educational levels have been collected
on the basis of simple random sampling method where every individual
has a free atmosphere to share their feelings. Out of total 2862 perma-
nent and seasonal workers, 312 workers of different families who live
within the garden campus were randomly selected for sample surveys
which constitute 9.17% of the total workers of the tea estate. The total
family members of 312 families were 1356. Data have been converted
into percentage and are tabulated to get a concrete idea about lit-
eracy and educational levels of the 'tea tribe' people in the garden. Bar
diagram is also drawn on the basis of educational levels to get a clear
picture on the level of education of these people.

Literacy Rate in Kondoli Tea Estate

During the sample survey, the people of the garden were catego-
rized into three groups : i) Literate, ii) Illiterate and iii) Children below
6 years of age. The people who can both read and write with under-
standing any language was considered as literates. The children be-
low 6 years of age is categorized in a different group in order to get a
clear picture on literacy. During the sample survey it has been ob-
served that some 'Anganwadi Centres' which are run under Integrated
Child Development Scheme (ICDS) programme were established within
or nearby area of the gardens and the children below 6 years of age w
joined these centres during morning hours.

The table reveals that the average literacy rate of the people of
Kondoli Tea Estate is 48.5% of which 27.4% are males and 21.1% are
females. Among the divisions, the literacy rate is highest in Sukimbari
division where 59% people are recorded as literate of which 34% are
males and 25% are females. The Sukimbari division is followed by
Rengbeng division where 57.5% people is considered as literate of which
32.3% male and 25.2% females are literate. The Kondoli division
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becomes third with 50.3% literacy where male constitutes 27.6% and
female constitutes 22.7%. The lowest literacy rate is recorded in
Tapatjuri division where only 20.7% people is considered as literate of
which 12.5% males and 8.2% females.

Table 1 : Division wise literacy rate of KondoliTea Estate (in%)

Division No. of | Total 0-6 years Illiterate Literate
Family | popul | Total M F | Total M F Total M F
survey | ation

ed
Kondoli 156 697 11.5 5.6 5.9 ]38 16.4 121.6 [50.3 27.6 [ 22.7
Sukimbari | 52 188 7.9 3.7 4.2 133 13.3 |1 19.7 [ 59 34 25
Rengbeng | 52 263 11.8 5.3 6.5 [ 30.8 13.7 | 17.1 | 57.5 32.3 [25.2
Tapatjuri 52 208 19.3 10.2 [ 9.1 [ 60.1 26 34.1 | 20.7 12.5 | 8.2
Total 312 1356 ] 12.3 6.0 6.3 [ 39.3 16.9 | 22.4 |48.5 274 [21.1
Source : Sample survey from Sept/2009 to Oct/2009
70 Division wise literacy rate in Kondoli Tea Estate
OKandali

60 - _ @ Sukimbari

[ ORengbeng

50 A BTapatjuri

mTotal

40 - _

30 - B ]

20 -

10 -

0
Total M F Total M F Total M F
0-6 years Nliterate Literate

The literacy rate of Kondoli Tea Estate is not discouraging except

the Tapatjuri division. During the sample survey it has been observed
that the garden authority provided three primary schools with five teach-
ers within the garden campus. After the implementation of 'Sarba Siksha
Abhijan Mission' the government also provided free mid day meal and
free text book facilities for the students of these schools. As a result of
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this the number of enrollment gradually increasing in these schools.
However three main reasons are found causing the low literacy rate of
Tapatjuri division : i) lack of infrastructure- The garden authority has not
established any school within the garden campus to literate their people.
Although a government primary school is situated nearby area of the
garden, yet the people are not interested to send their children to this
school. The exact reason however cannot be ascertained. ii) poor
communication facilities keep the people of the garden isolated from the
other people iii) no educational environment -the nearby area of this garden
is surrounded by Karbi and Lalung community, whose literacy rate is
also not satisfactory. Therefore, proper educational environment is not
available in and around the Tapatjuri garden, which influence the low
literacy in this garden.

The garden authority of Kondoli Tea Estate has established one
school each for Kondoli, Sukimbari and Rengbeng division within the
garden campus which helps to build an educational environment in
these divisions. Apart from this the locations of these divisions also
help the people to get proper education facilities. As the three divi-
sions are situated near Kathiatoli bazar which is a business place with
number of lower and upper primary schools and one higher secondary
school, help to get good educational facilities.

The table no.l1 also reveals the low literacy rate of females com-
pare to male counterpart. The lowest literacy of female is found in
Tapatjuri division where only 8.2% females were literate, while
Rengbeng division is recorded for highest literacy of females with 25.5%.
The female literacy of Sukimbari and Kondoli is recorded as 25% and
22.5% respectively. The reason for low percentage of literacy in case of
female is that in all the divisions, both husband and wife are generally
employed as wage earners. As a result, a girl child is to look after her
younger ones and also take care of the domestic works during the
working hours of her parents. Therefore, it has been found that many
girls are not sent to school.

In case of literacy in Kondoli Tea Estate, three main obstacles
have been identified during the time of sample survey. These are :
i) Poor economic condition: The economic condition of the 'Tea Tribe' people
in all the division is not good. Their daily wages is only Rs. 58.00 per
day where as an ordinary labourer earns Rs. 100.00 per day. Though,
they have got some extra facilities such as ration at subsidized rate,
free accommodation, fire woods, medical treatments etc. from the gar-
den authorities, yet their wages are not sufficient to run their family
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smoothly. Therefore, the parents want their children to earn money by
selling fire woods, 'haria' (rice beer) in the local market rather than to
go school. However, after implementation of 'Sarba Siksha Abhijan Mis-
sion' and 'mid day meal' the number of enrollment in the garden schools
is gradually increasing. ii) Unfamiliar medium of instruction:The 'Tea Tribe'
people in KondoliTea Estate migrated from different parts of India. During
the sample survey it has been found that more than 80% people mi-
grated from Orissa, Bihar and Jharkhand. Generally they speak their
own languages at home but the medium of instruction in the primary
schools is Assamese. Therefore, the children at first face problem to
adjust themselves with a new language at school. iii) Parental motivation:
Parental motivation is one of the major obstacles in literacy in Kondoli
Tea Estate. During the sample survey, not a single NGO and other
organizations have been found to motivate the parents to send their
children to school rather engaged them to earn money or household

activities. Table No.2 Educational level in Kondoli Tea estate
Educational Level

Kondoli Tea Estate
The table no. 2 re- Level of Education Total | Male | Female
veals the educational |Primary (up to class VII) 37.7 | 20.7 17
level of the 'Tea Tribe' | High School (up to class X) 8.9 S.2 3.7
people in Kondoli Tea Es- Higher S.econdary 0.8 0.5 0.3
Alth h th Graduation Level 0.7 0.4 0.3
tate. Although the per- G guate 04 | 03| 01
centage of literacy is high [Post Graduate 0 0 0
in three divisions in |Others 0 0 0
Kondoli Tea Estate, the |Total 469 | 27.1 | 214

quality of education Source : Sample survey during September to October/2010.
among the 'Tea Tribe' people is below standard. Maximum number of
dropout is recorded in high school level. The number of college and
school going boys and girls is very few.

The children who are studying in the primary standard and the
people who have studied up to primary standard are placed into Pri-
mary level. The table no.2 reveals that in Kondoli Tea Estate 37.7%
people are literate up to Primary level of which male and female consti-
tutes 20.7% and 17% respectively. The children who are studying in
high school standard and the people who had studied up to high school
standard but not passed the HSLC examination are placed into High
School level. From the table, it has been found that only 8.9% people
are recorded to be literate up to High school level of which 5.2% male
and 3.7% females. The people who had passed the HSLC examination
and the students who are studying in higher secondary standard are
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placed in the Higher Secondary level. The table reveals that only 0.8%
people of which 0.5% male and 0.3% female are able to attain up to this
level. Again the people who had passed the HSSLC examination and
the students who are studying in Graduation level are placed into
Graduation Level. Only 0.7% people of which 0.4% male and 0.3% fe-
male are found to attain this level. During the sample survey, only 5
graduates are found among the 1356 people who constitute only 0.4%
of the total population. No people are found to attain post graduate
degree or other courses in Kandali Tea Estate.

Educational level in Kondoli Tea Estate
50

45

40

35

O Male
30

BFemale
25 _I
20 B Total

15 +

10 +

0 - £, —, — .
Primary (up High School ( Higher Graduation  Graduate Post Graduate  Others Total
to class VII) up toclass X) Secondary Level

Table no.3 shows that among 50.3% literate person in the Kondoli
division, 27.6% are male and 22.7% female. Out of 50.3% literate per-
sons, 38.9% people of which 20.8% males and 18.1% females are edu-
cated only up to Primary level. Only 10% people are recorded to be
educated up to High school standard. This percentage is declining gradu-
ally, and ultimately only 0.4% graduates are found in this division.
Almost same condition prevailed in Rengbeng division, where out of
57.5% literate people, 43.3% are educated only up to Primary standard
of which male constitutes 23.9% and female constitute 19.4%.
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Thereafter, this percentage is going down to 11.4% in High school,
1.2% each in Higher Secondary and Graduation standard. The
percentage of graduate people is only 0.4% in this garden. In Sukimbari
division where the literacy rate is highest, the education attainment is
not satisfactory. Among the 59% literate population of which 34% and
25% people are male and female respectively, 44% people are educated
up to Primary standard, 11.2% people in High School standard, 2.2%
people in Higher Secondary standard and only 1% people in Graduation
Standard. Only 0.5% graduate persons are recorded in this garden. In
Tapatjuri division, the educational level is very frustrating, where lit-
erate people are educated only up to Primary standard.

The problem of absenteeism, stagnation and high rate of drop out
seemed to be important factors for low level of Education in Kondoli Tea
Estate. Absenteeism is found to be the major factor in education at-
tainment in this garden. The rate of absenteeism is relatively higher
during June to November as this period is considered as peak season
for the garden. During this time the garden authority engaged some
additional workers for plucking tea leaves in the tea garden. Therefore,
generally all adult members of the families are busy in the garden from
morning till evening. So, domestic works are generally left to be done
by the children for the entire day. In some cases, children are also
engaged for plucking works in the garden. Therefore, the children
generally remain absent from their classes during this period. The
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stagnation is found to be another factor of low educational level. As the
children remain absent in their respective classes, they are not able to
complete their courses. As a result of this they remain fail in the same
class again and again which influence the children to end their study.
But after implementation of 'Sarba Siksha Abhijan Mission' the govern-
ment adopted the 'all pass' policy by taking additional care for weak
students, the problem of stagnation seems to be more or less solved in
the garden. The high rate of drop out particularly after completing the
Primary standard is one of the major problems in Kondoli Tea Estate.
As the high and higher secondary schools are situated outside the
garden campus, the children are not interested to go to those schools.
The distance to high and higher secondary schools from the garden is
one of the factors for their unwillingness. The average distance to high
and higher secondary school is above 3.5 Kms. from the divisions of
which Tapatjuri division is situated about 6kms. away from the high
schools. Therefore the children are not interested to go for higher edu-
cation by walking such a long distances. Apart from this, lack of high
education ambition and parental motivation is one of the obstacles in
obtaining higher education for the children of the gardens. Most of the
children have an ambition to work in the tea gardens as labourer in the
'seat' (vacancy) of their parents as successor for which no educational
qualification is required. The poor economic condition influences the
parents to inspire their children to earn money or to do household
activities when they are in their duty in the garden rather than go to
school.

Conclusion

The foregoing discussion reveals that the educational attainment
of the people of Kondoli Tea Estate is not satisfactory. In all the divi-
sions, highest educational level is marked only up to the Primary stan-
dard after which it is declined sharply in successive higher classes.
Gender differences in literacy are also distinctly visible as the female
literacy is lower than the male counterpart in all the divisions. The
analysis of educational level also speaks out the same story about the
gross neglect of female education in the society. The garden authority,
the NGOs can play a vital role for the upliftment of the literacy and
educational attainment of the 'Tea Tribe' people in the garden.
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IDENTIFICATION OF BASIC PLANNING UNITS FOR INTEGRATED
AREA DEVELOPMENT- A CASE STUDY OF AIZAWL DISTRICT,
MIZORAM

Saithangpuia

Abstract : Integrated area development refers to the integration of socio-eco-
nomic facility over the physical space. Provision of socio-economic facility at the
appropriate and optimum location induces balanced regional developmentin a
region. It is necessary to identify basic planning unit for the provision of socio-
economic facility as the existing district, block area may not be suitable for
planning purpose. Due to different topographical setting there is a need to chalk
out suitable planning unit based on the personality of the area and the behav-
ior of the people. Therefore, an attempt has been made in the present study to
identify basic planning unit on the basis of space preference of the people in
availing socio-economic facility and assessing the adequacy/inadequacy of
facility in the basic planning unit for integrated area development of the study
areaq.

Introduction

Integrated area development refers to two types of integration-
functional and spatial-which are themselves interrelated. Functional
integration refers to the integration of all economic and social activi-
ties, which influence the life of people. Spatial integration means inte-
gration of spatial units with each other and also with the higher level
planning units for all social and economic activities in the region. Thus,
integrated area development refers to appropriate location of socio-
economic activities over a given physical space for balanced regional
development (Sen et al., 1975).

Though planning commission has recommended that district should
be considered as a viable unit for micro-level planning as it has a well
administrative structure. However, on account of its size and hetero-
geneous nature, district may not be an ideal unit for micro-level plan-
ning (Sarma and Kumar). Further block boundaries are arbitrary and
the block headquarters are largely located at points which cannot be
said to form the functional center of the region (Shivalingaih, 1972). It
is therefore, proposed that an area approach covering a cluster of vil-
lages with a central place at its center should be adopted as unit of
planning. The decision where to invest is an important aspect of devel-
opment as what to invest because a wrong location may completely
obviate the effects of a very fine programme. Hence the location of

Mr. Saithangpuia is a Asst. Professor in Dept. of Geography, Gouvt. Saitual College.
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function/service must be appropriate and optimum by which the ben-
efits of newly located functions can filter down to the surrounding
settlements which have not been selected for such investment (Misra
et al., 1994).

Study Area

Aizawl district is located in the north-central part of Mizoram and
lies between 24° 25' 16.04" and 23° 18' 17.78" North latitudes and 92°
37' 03.27" and 93° 11' 45.69" East longitudes (State Remote Sensing
Center, Govt. of Mizoram, 2006). Aizawl district is bounded on the north
by Cachar district of Assam, on the east by Champhai district and
Churachanpur district of Manipur, on the west by Mamit district and
Kolasib district, on the south by Serchhip district. The tropic of cancer
(23° 30'N latitude) cut across Aizawl district (Pachuau, 1994).

The total geographical area of Aizawl district is 3576.31 sq.km and
accounts for about 16.96 p.c of the total geographical area of the state.
It comprises five rural development blocks viz. Aibawk -616.88 sq.km
and 15987 population, Darlawn (1037.48 sq.km and 24169 population),
Tlangnuam (532.67 sq.km and 242789 population), Thingsulthliah(874.13
sq.km and 30394 population), Phullen (515.15 sq.km and 12337
population). The total population of the district is about 325676 (census
of India-2001).

Objectives

1. To identify the basic planning units and delineate its hinterland
(complementary region)
2. To assess of the imbalances among the planning units.

Data base and Methodology

The collected data mostly comprised of primary sources, where
necessary and relevant information are collected through intensive
field survey covering the entire study area with the help of question-
naires relating to the availability /non-availability of selected 22 differ-
ent functions belonging to 7 categories namely, education, health, com-
munication, veterinary, recreation, banking and police. During the field
survey, it was recorded whether a settlement had any specific function
and if not where the majority of the people are avail of those service. In
addition to primary sources, secondary data relating to population have
been collected from census 2001.

The selected function/service has been assigned suitable
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weightage (table-1) according to their distribution in the study area
based on the principle that, greater the scarcity, greater the impor-
tance in terms of centrality and therefore higher the weightage
(Bhat et al., 2003). Thus in order to find out weightage for selected
function or service, following method has been adopted.

W=N/F, Where, W = Weightage of each facilities
N = Total number of settlement in the study area
F = Number of settlement having that particular facility
And
Cj = Wi xij

Cj= Composite value for that function for jth settlement

K = total number of sub-functions under a given function

Xij= Value of the ith sub-function in jth settlement/
number of the ith sub-function in the j settlement.

The selected twenty raple-1 selected function/service and their

two function/service have Weightage
been grouped into three or- | Function/Service |_Nun;ber of| Weightage
. . settlement
ders (low, middle and high T Egucation
order) on the principle of en- | X1 Primary School 92 1
. . X2. Middle school 84 1.09
try point method (f1'1r%ct10n X3. High school 45 2.04
first appear at the minimum X4. Higher sec. school 3 30.3
: : X 5. College 2 45.5
population size of settle- | ¢’ University 1 51
ment) (Sen et al., 1972) [ 2. Health
. X7. Sub-Centre 53 1.73
(tab1§ 2). These three ‘hler X8, P.H.C/UHOC 5 1095
archical orders of functions/ | x9. c.H.C 3 30.3
services have been used for ?%-HOSPH%I — 2 45.5
. o . . ommunication
the identification as well as | x11. Branch post
the hierarchical order of | Office 44 2.09
. X12. Sub-Post Office 11 8.27
service center/central place | x13. post & Telegraph
in the study area as follow- [ Office 1 91
4. Veterinary
a) If the settlement have | x14. RAHC 14 5.41
more than 50% of the | X5 Veterinary
. R Dispensary 6 15.33
services that constitute | x16. veterinary
a given order and, Hospital ! 21
5. Recreation
b) Provides any of those X 17 Public Library 78 1.17
services to another X 18 Public Playground 74 1.24
. . X19 Cinema hall 1 91
settlement, then it is [T¢ Banking & Police
considered to be a ser- | X20. Bank 12 7.66
: _ X21. Police Outpost 9 10.1
vice center for that or X22. Police Station S 18.2

der, if only first criterion
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is met, the settlement is deemed to
be self- sufficient and thus serve only
itself. Conversely a settlement that
depends upon any services more than
50% of the services associated with
a given order is a dependent settle-
ment (Wanmali, 1970, 1972, 1983,
1987 and 1992).

The extent over which a center in-
fluence in a region (hinterland) has also
been identify on the basis of space pref-
erence of the people in availing various
function/service by constructing ray dia-
gram showing people's choice of center
for various order of function/service. On
the basis of the space preference data
the basic planning units are identified
and their hinterlands (complementary
region) are delineated.

The level of development of social
facilities mainly depends on both the
size of population and the size of the area
of the planning unit. From weightage
given for each function total scores are
derived for each settlement and each
planning units. Further ratios are cal-
culated to know the relative positions as
follows:

Rij = PD/PS X Sij/Sid (Rao, 1990)'* where,
Rij = Relative level of the ith function of the jth service center
PD = Population/Area of the district
PS = Population/Area of the service center
Sij = Total score of ith function of the jth service center
Sid = Total score of the ith function for the district as a whole

{In order to find out area served by each service center at all hierarchi-
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Table- 2 Hierarchy of function/

service based on entry point method

Low order function/service

Primary school

Middle school

High school

Sub centre

Branch post office

Rural animal health centre
Public library

Playground

Middle order function/service

Higher secondary school
Primary health center/
Urban health center
Community health center
Hospital

Sub post office

Veterinary dispensary
Bank

Police Outpost

Police station

High order function/service

Degree College
University

Post and telegraph office
Veterinary hospital

Cinema hall

cal order, the following formula has been used}

"Ai= Ta/Ts x Si" (Yavagal, 1992).

Where, Ai= the average area served by ith order service center/central place.

Ta= total area of the district
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Si=average score value ith order service center/central place}

The pattern of the distribution of function/service has been ana-
lyzed on the basis of the values of Rij. If the ratio of the scores of the
complementary region to that of district is more than one, then it may
be said that pattern of distribution of function/service are better both
in service center and its complementary region over the district as a
whole. But if the ratio is less than one, it shows that the service center
under consideration is not in a position to provide that particular func-
tion to its complementary region when compared with the district.

Similarly, the relative level of each
functions according to norm population and
norm area explain the adequacy and inad-
equacy of each function within the comple-
mentary region as a whole. If the relative
level of the function is greater than unity
(one), it explain that the existing functions
are capable of providing function to its de-
pendent villages in its present form and there
is no need of increasing these facilities. On
the other hand, if it is less than unity it
indicate that existing functions in the cen-
ter are inadequate to provide services to its
complementary region. If the ratio is more
than unity by population norm and less than
unity by area norm it explains that it is lo-
cated at a wrong place or is inaccessible to
the people in their dependent villages.

Identification of basic planning unit

There are three orders of service cen-
ters identify in the present study viz. twenty
six (26) low order service centers, three (3)
middle order service centers and one (1) high
order service center (table-3). The study area
has only one high order service center i.e,
Aizawl NT (Notified Town). It offers very high
order functions and additional deployment
of similar high order functions in the region
would only strengthen this center as it alone

Table-3
Hierarchical orders of

service center

High order service
center

1. Aizawl NT

M iddle order service
center

1. Aizawl NT
2. Darlawn NT
3. Saitual NT

Low order service
center

—_

.Suangpuilawn
. Phullen

. Khawlian

. Thingsulthliah
.Mualpheng
.Tlungvel
.Sesawng

. Saitual NT

. Falkawn

10. Aibawk

11. S.Maubuang
12. Samlukhai
13. Lamchhip
14. Sialsuk
15.Hmuifang
16. Zohmun

17. N.Tinghm un
18.L.Sakawrdai
19. Vaitin

20. N.Vervek
21. E.Phaileng
22.Khanpui

23. Khawruhlian
24. Darlawn NT
25. Sihphir

26. Aizawl NT

O o000 Ul WN
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is capable of sustaining these functions. Hence, it is not appropriate to
select high order service center for basic planning unit. Similarly, low
order service center at the lowest order offers only ubiquitous and
rudimentary functions and it is also found that the space preference is
not adequately originate at this level as most of the settlements are
having the low order function. So, it is not suitable for planning units.

Table -4 Basic planning Units
(Number of dependent settlement and population served)

Sl.Lno Name of the Number of .
basic planning dependent Population

unit settlement served
1 Aizawl NT 37 264335
2 Saitual NT 16 23814
3 Darlawn NT 17 20229
4 L.Sakawrdai 13 8527
5 Sialsuk 9 7376

In between high and low order service center there are three
middle order service centers and two additional centers identify on the
basis of space preference of the people (figure-3). The middle order
service centers identified on the basis of space preference of the people
in availing middle order function are Aizawl NT, Saitual NT, Darlawn
NT, Lower Sakawrdai and Sialsuk. These five complementary regions of
middle order service centers have been selected for the basic planning
unit as the functions associated with this order is fairly central in
character and recommendations regarding their deployment could be
reasonable, as many settlements exhibit the capacity to sustain these
functions.

Table- 5

POINT SCORE BY BASIC PLANNING UNITS
Sl. Name of the Populat Average educa health commun veteri recre bank police
No centers ion area tion ication nary ation
served  served
1 Aizawl NT 264335 27680 2668 5059 261.94 2424 1358 1%4.7 101.1
2

2  Saitual NT 16162 4592 214.1 39.84 2339 1835 2125 182 283
3  DalawnNT 20229 250.08 137.7 5298 3598 36.7 2734 27.3 485
4  Sialsuk 7376  98.65 43.11 1928 2339 367 128 9.1 10.1
5 LSakawrdai 8527 72.23 77.9 45.87 20.9 0 2761 7.66 485
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Talle 6
Adequacies/Inadequacies of Service/Function Accarding to NarmPopulation in Basic Flarming Units
S. Nereofthe Popdat Average educa health commn weteri recre bank  pdice  tota
No  certers ion area tion ication nay ation
served  served

1 AzwiNT 264335 27/6802 104 09 08 08 315 09 05 117
2 Saittel NT 612 402 136 117 12 11 808 175 231 242
3 DedawnNI 20220 25008 07 14 115 113 83 200 316 233
4  Sasuk B6 VWS 06 101 22 231 87 191 148 26l
S5 LSakawrdai 827 72223 0% 255 207 0 19 13 751 23

Identification of areal and functional gap

Integrated area development planning refers to the integration of
socio-economic facility over the physical space. In the present study an
attempts has been made to find out the adequacy or inadequacy of
function/service in the five basic planning units on the basis of norm
population and norm area. It can be observed from the table-5 and
table-6 that, all the basic planning units except Saitual NT are having
better standard in the provision of total services according to norm
area and norm population scoring more than one. The functional- wise
adequacy/inadequacy is discuss below-

(1) EDUCATION: There is only one planning unit i.e, Aizawl N.T having
better provision in education according to norm population and norm
area considered accounting for about 85.79 p.c and 77.40 p.c of total
population and area of the area respectively. Taking population only
as norm one more center Saitual NT has better score account for
about 12.83 p.c of the total of the area and these two regions ac-
count for 86.12 p.c of the total population. Taking area only as norm
L.Sakawrdai has score more than one.

(2) HEALTH: In respect of health facility there are three planning unit
viz. Darlawn, Sialsuk and L.Sakawrdai having better score taking
into account population and area as norm. These three regions ac-
count for about 11.09 p.c and 11.21 p.c of the total population and
area respectively. In respect of population alone as criteria one more
region Saitual NT has better placed accounting for about 4.96 p.c of
total population of the area.

(3) COMMUNICATION: Regarding communication facilities, Darlawn NT,
L.Sakawrdai and Sialsuk planning units have better score taking
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population and area as norms. If population alone is considered as
norm, one more region Saitual NT showed better facility and all of
them serve about 16.05 p.c and 23.43 p.c of the total population and
area respectively.

VETERINARY: Only two planning units namely, Darlawn NT and
Sialsuk have better scored in veterinary facility according to popula-
tion and area as norm. Taking population only as criteria one more
center Saitual N.T has better score and these three regions score
about 13.4 p.c and 22.59 p.c of the total population and area respec-
tively.

RECREATION: Taking area and population as norms all the planning
units are having adequate function in recreation facility.

BANK: In respect of bank facility Darlawn NT, L.Sakawrdai and
Sialsuk planning units are better placed in relation to population
and area as norm, which account for 11.09 p.c and 11.21 p.c respec-
tively. If population alone is considered as norm, one more center
Saitual N.T has better placed in respect of bank facility and all of
them together account for about 16.05 p.c and 23.43 p.c of the total
population and area respectively.

POLICE: All the planning units except Aizawl NT have better police
facility in respect of population and area as norm.

The functional gap in the basic planning units is as follows-

AIZAWL N.T: Considering norm area and population as criteria, all
the functions/ services are not sufficient except education and rec-
reation facility in this planning unit. Hence more facility in respect
of health, communication, veterinary, bank and police should be
provided efficiently in order to have balanced development in this
planning unit.

SAITUAL N.T: According to norm population the existing functions/
services are found to be adequate. But taking area as norm the
existing facility is found inadequate except recreation and police
facility, which revealed that the existing facility in respect of edu-
cation, health, communication, veterinary and bank are inacces-
sible or located too far away from the dependent villages. Therefore,
these facilities should be re-structured in order to have maximum
accessibility for dependent villages.

DARLAWN N.T: Taking population and area as norm all the function
except education are found to be adequately present in this plan-
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ning unit. Hence more education facility should be provided in this
planning unit.

(4) SIALSUK: Taking population and area norms are considered, all the
facilities except education are found to be sufficient in Sialsuk plan-
ning unit. Hence more facility in respect of education should be
immediately provided in this planning unit.

Table7 Adequacies/Inadequacies of Servioe/Functian Accarding to NarmArea in Basic Planmning Units

S. Naredthe Popuat Average edusa health commn wveteri recre bank  pdice  total
No  caters ion aea  tion icaion nay eation
seved  saved

1 Azt NI 204335 276302 10® 095 08 092 33 09 03 12
2 Saittal NT 612 432 032 045 047 042 312 06/ 103 09
3 DadawnNI' 20229 23008 0@ 11 1B 1% 738 1 23 33
4  Salsuk 73160 W65 049 101 22 231 87 157 2% 23
S LSkewrdai 8327 7223 128 347 28 0 27 19 1022 32

Conclusion

It has been observed that there are five basic planning units viz.
Aizawl NT, Saitual NT, Darlawn NT, L.Sakawrdai and Sialsuk based on
space preference of the villagers in availing selected function/service.
On the basis of functional-gap analysis, these five basic planning units
have been assessed whether the function/service found in the plan-
ning units is adequate/inadequate for the dependent villages. It is
found that most of the basic planning units are not having adequate
function/service for integrated area development of the region as a
whole. It is also pertinent to mention that there is an urgent need to
provide function/service in some basic planning units where the indi-
vidual function/service does not score above unity (one). Hence, it is
imperative to deploy necessary function/service in the appropriate plan-
ning unit for the integrated development of the study area.
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MORPHOMETRIC STUDY ON UPPER WAHBLEI WATERSHED IN
WEST KHASI HILLS DISTRICT OF MEGHALAYA

K. Srinivasa Rao
Fuzal Ahmed

Abstract : The Quantitative analysis of drainage system is an important as-
pect of characterization of watersheds. Using the watershed as a basic unit for
morphometric analysis is the most logical choice because all hydrological and
geomorphic processes occur within the watershed. An attempt has been made
to study the drainage morphometry of upper Wahblei watershed in the Khasi
hills district of Meghalaya. The study area is covering an about 400 sq. km
comprising of five sub-watersheds areas ranges from 34.5 to 89.5 sq.km form-
ing part of Jadukata River basin. The morphometric parameters have been stud-
ied under linear, areal and relief aspects. The present study on the upper
Wahblei watershed is a 6th order basin. The lower order streams are mostly
dominating in the study area. The drainage of the study area is characterized
by dendritic to trellis patterns.

Introduction

Morphometry is the science of quantitative land surface analysis
(Pike, 2000 and 2002). The morphometric analysis can be done on wa-
tershed basis. Watersheds are recognized as better planning units for
the development. Watershed is naturally occurring hvdrologic unit
defined by natural boundaries characterized by similar physical, topo-
graphic and climatic conditions. The morphometric analysis is based
on the detailed investigation of micro-units of a watershed. Morpho-
metric analysis of a watershed provides a quantitative description of
the drainage system which is an important aspect of the characteriza-
tion of watersheds (Strahler, 1964). The drainage basin analysis is an
important tool for analyzing the hydrological investigations like assess-
ment of groundwater potential, groundwater management, pedology and
also environmental aspect. Various important hydrological phenomena
can be correlated with the physiographic characteristics of drainage
basin system. Study of drainage patterns of a region provides a basis to
understand the initial slope, inequalities in rock hardness, structure
controls, recent diastrophism, geological and geomorphic history of the
drainage basin. A proper understanding of the watershed characteris-
tics is necessary for the evaluation of the resources so that appropriate
development activities can be taken up on a sustainable basis.

Study Area
Dr. Srinivasa Rao is a Asst. Professor in Dept. of Geology, Miaoram University.
Mr. Fuzal Ahmed is a Research Scholar in Dept. of Geology, Mizoram University
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The Wahblei upper part of the watershed falls in the West Khasi
hills district of Meghalaya (Fig.1) covering an area of about 400 Km?.
The geographical location of the study area lies between longitudes 92°
43' to 92°49' E and latitudes 25°30' to 25°45' N, which falls in the parts
of the Survey of India toposheets 780/2 and 780/6. The topography of
the study area is characterized by steep slopes with deep valleys and it
is controlled by structure and lithology. The maximum elevation in the
upper Wahblei watershed is 1649 m and the lowest 759 m msl.

Geology of the study area
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Fig. 1 Location map of the study area showing the regional tectonic
features of Northeast India (After Uddin and Lundberg, 1989 a, b).
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Geology of the study area

The study area is composed of the Archaean gneisses, Proterozoic
garnites, Jadukata and Mahadek formations of the Khasi Group of rocks.
The Jadukata formation comprises of sandstones, conglomerates with
siltstone intercalations and it is overlain by sandstones of Mahadek
formation.

Drainage

The investigated area is characterised by dendritic drainage pat-
tern. Based on the study of Survey of India toposheets the entire study
area is divided into five 5% order sub-basins such as 1. Nongsandrang,
2. Wahblei, 3. Um Jaiew, 4. Um Melen and 5. Um Rablang. Of the total
number of streams of 2241 delineated from the toposheets in the study
area, the 1storder streams occupies an area of about 78.75%, 16.95%
area is covered by 27 order streams, 3.25% area comprising of 3™ order
streams, 0.71 % area covered by 4% order streams, 0.22% area of 5%
order streams and 0.08 % of area belongs to 6% order streams. The 1t
and 2" order streams occupied high elevation area and the dominant
streams are 1storder followed by 27¢, 37 4% and 5% orders.

Methodology

The morphometric analysis of upper Wahblei watershed was de-
lineated based on the Survey of India toposheets on 1: 50,000 scale.
The morphometric parameters is divided into linear, areal and relief
aspects. The detailed study has been carried out on 5% order sub-
watersheds in the study area. The stream ordering was done based on
Strahler's method (1964). Different morphometric parameters of the
study area were calculated by using standard methods and mathemati-
cal formulae proposed by various authors (Table 1).

Results and Discussion

The drainage characteristics require the measurements of lin-
ear, areal and relief aspects of the drainage network, which are dis-
cussed below.

Linear aspects

The linear parameters such as stream order, stream number,
stream length, mean stream length, bifurcation ratio and stream length
ratio are calculated and presented in Table 2 and 3.

Stream order (U)

The stream order of the upper Wahblei watershed have delin-
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eated according to Strahler's (1964) method. The study area comes

under

the 6% order basin.

Table 1. Methods used for computing the morphometric parameters of the
present study.

S. No‘ Morphometric parameter Formula Reference
Linear aspects
1. | Stream order (U) Heirarchial rank Strahler (1964)
2. | Stream Length (Lu) Length of the stream Horton (1945)
3. | Mean Stream Length (Lsm) Lsm = Lu / Nu Strahler (1964)
4. | Stream Length Ratio (RL) RL=Lu /Lu-1 Horton (1945)
S. | Bifurcation Ratio (Rb) Rb=Nu/Nu+1 Schumm (1956)
6. Mean Bifurcation Ratio (Rbm) Rbl:n = Average bifurcation |Strahler (1964)
ratios of all orders
Areal aspects
Drainage Density (Dd) Dd=Lu/A Horton (1945)
Stream Frequency (Sf) Sf=?Nu/A Horton (1932)
Drainage Texture (T) T=Dd XFs Smith (1950)
10. | Form Factor (Ff) Ff =A / Lb2 Horton (1932)
11. | Circularity Ratio (Rc) Rc= 4?A /P2 Miller (1953)
12. | Elongation Ratio (Re) Re = 2(A/ IT)°5/ Lb Schumm (1956)
13. | Length of Overland Flow (Lg) | Lg= 1/Dd *2 Horton (1945)
Relief aspects
14. Relief (R) R=H-h Hadley and
Schumm (1961)
15. | Relief Ratio (Rr) Rr=R /Lb Schumm (1963)
16. | Ruggedness number (Rn) Rn =R x Dd -

Table 2. Linear aspects of 5tk order sub-basins in the upper Wahblei watershed

Sub- Stream numbers of different orders Order wise stream lengths (km)

Basins | 1Ist | 2nd | 3rd | 4th Sth | Total 1st 2nd | 3rd 4th Sth | Total
1 160 | 34 8 2 1 205 | 79.5 |25.5]19.0|10.0| 4.0 | 138
2 322 | 64 17 3 1 407 | 89.5 |43.5]21.5|17.5| 7.0 | 179
3 193 | 50 9 3 1 256 | 91.5 | 28.5]|25.0|5.50| 3.5 | 154
4 121 | 27 8 2 1 159 | 44.5 |20.5|14.5|1.50| 7.0 88
5 726 | 156 | 24 6 1 913 | 267.5|75.5]53.5[21.5| 26 | 446

Sub-Basin Names: 1. Nongsandrang, 2. Wahblei, 3. Um Jaiew, 4. Um Melen,

5. Um Rablang.
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Stream Length (Lu)

The stream length is measured by using the rotometer or map
measure. The total of five 5® order sub-basins have been delineated
and their stream lengths values were compared (Table 2).

Mean Stream Length (Lsm)

The mean stream length is a dimensional property revealing the
characteristic size of components of a drainage network and its
contribution of basin surface (Strahler, 1964). The Lsm values range
from 1.82 to 6.53 (Table 3).

Table 3. Mean stream length, stream length ratio and Bifurcation ratios of 5t»
order sub-watersheds in the upper Wahblei watershed.

Sub- Mean stream Length in Stream Length Ratio Bifurcation Ratio (Rb)
Basin Km(Lsm) (RY)
1st | 2nd | 3rd | 4th | 5th |Lsm|2/1|3/2(4/3|5/4|Mean|1/2|2/3 |3/4| 4/5 | Mean
Rl Rb
1 0.4910.75|2.37| 5.0 | 4.0 |2.52|1.53|3.16(2.10|0.80| 1.89 |4.70[4.25| 4.0 | 2.0 | 3.73
2 0.27]0.67|1.26|5.83| 7.0 |3.00|2.48|1.88|4.62|1.20| 2.54 |5.03[ 3.76 |5.66| 3.0 | 4.36
3 [0.47]0.57|2.77|1.83| 3.5]1.82|1.21|4.85|0.66(1.91/2.15|3.86{5.55[3.0| 3.0 | 3.85
4 10.36(0.75]|1.81|0.75| 7.0 [2.13]|2.08|2.41]{0.41|9.33| 3.55 |4.48[3.37|4.0| 2.0 | 3.46
5 ]0.37]0.48]2.22|3.58| 26 |6.53|1.29|4.62|1.61|7.26|3.69 |4.65/6.50|4.0| 6.0 | 5.28

Stream Length Ratio (RI)

It is the ratio of mean length of streams of one order to that of
the next lower order stream segments, which tends to be constant
throughout the successive orders of a watershed (Horton, 1945). Horton's
law of stream lengths states that the mean length of stream segments
of each of the successive orders of a basin tend to approximate a direct
geometric series with stream lengths increasing towards higher stream
orders. The stream length ratio of the upper Wahblei basin ranges from
1.89 to 369 (Table 3) and the average value is 2.76.

Bifurcation ratio (Rb)

The bifurcation ratio is the ratio between the total numbers of
streams of one order to that of the next higher order in a drainage
basin known as “bifurcation ratio”. Its values are highly varied from one
order to the next order. The variation in the bifurcation ratios is depen-
dent upon the lithology and geological variations in a drainage basin.
High values of the ratio reflect the lower degree of drainage integration
and vice-versa. The ratio is usually affected by variations in the physi-
ographic, lithologic and climatic conditions prevailing in the drainage
basin. Thus, a basin with similar rocks and tectonic history, uniform
climatic conditions and in similar stage of development is characterised

A Sournal of GAM



53

by more or less of similar values of the bifurcation ratio. The bifurca-
tion ratio of the upper Wahblei basin varies from 3.46 to 5.28 and the
mean value is 4.13 (Table 3).

Areal Aspects
Drainage density (Dd)

The drainage density is defined as the total length of all chan-
nels divided by the area first introduced by Horton (1932). Drainage
density is an important indicator of the linear scale of the landform
elements in a drainage basin (Horton, 1945). The drainage density is
considered as the length of stream segments per unit area. It is a
function of the intensity of run-off, erosion proportionality factor, relief,
and absolute viscosity of the fluid and its acceleration due to gravity,
rock types, soil strength and rainfall intensity. The drainage density of
the study area varies between 2.51 and 4.96 km/km? indicating low
drainage density. The areal aspect of the study area is presented in
Table 4.

Dd broadly gives an idea about physical properties of the underly-
ing rocks in the study area. Low Dd occurs in the regions of highly
resistant and permeable sub soil materials with dense vegetated cover
and low relief (Nag, 1998). The high Dd is generally observed in the
regions of weak impermeable sub surface materials and relatively high
relief in the study area.

Stream Frequency (Sf)

Stream frequency or Drainage frequency (Sf) is the number of
stream segments per unit of area (Horton, 1932 and 1945). Usually,
the occurrence of stream segments depends on the nature and struc-
ture of rocks, vegetation cover, nature and amount of precipitation and
infiltration capacity of the soil. It is an index of the different stages of
landscape evolution.

The study area having the stream frequency ranges from 4.54 to
12.05 stream/sq.km.(Table 4). Indicating very high Sf.

Drainage Texture (T)

The geometry of the drainage network is generally evaluated in
terms of drainage texture, which multiplies the drainage density and
stream frequency (Horton, 1945). Stream or drainage frequency is the
number of streams per unit area. Drainage density is the sum of stream
lengths per unit area, and expresses the closeness of spacing of stream
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channels. Both measures are the most important factors that control
the speed of runoff following a spell of heavy rain. The greater the
drainage density and stream frequency the faster is the runoff. Hence,
flooding is more likely in basins having high drainage density and
stream frequency. The texture of the drainage in the study area ranges
between 11.39 and 63.86 (Table 4). Low drainage density corresponds
to the development of coarse texture and the high drainage density
related to the fine texture.

Circularity Ratio (Rc)

Circularity ratio is dimensionless index to indicate the outline
form of drainage basins (Strahler, 1964 and Miller, 1953). It is defined
as the ratio of basin area to the area of circle having the same perim-
eter of the basin. Its value is affected by stream length, stream fre-
quency and gradient of streams of different orders as well as the
lithological characters of the basin. It ranges from 0.4 to 0.5 indicating
that the basin is strongly elongated and highly permeable homoge-
neous geologic materials (Miller, 1953). The values of the circularity

Table 4. Areal aspects of 5th order sub basins in the study area.

Basin No / Parameter 1 2 3 4 5
Basin Area (km?2) A 28.00 33.75 34.50 35.00 89.50
Basin Perimeter (km) P 39.19 48.50 35.21 31.25 93.50
Basin Length (km) Lb 10.50 13.50 9.65 12.50 23.35
Drainage density (Dd) (km-1) 4.92 4.96 4.46 2.51 4.98
Stream frequency (Sf) (km -2) 7.32 12.05 7.42 4.54 10.20
Drainage Texture (T) (km 1) 36.01 63.86 33.09 11.39 50.79
Circularity Ratio (Rc) 0.23 0.18 0.35 0.45 0.12
Form factor (Ff) 0.25 0.18 0.37 0.22 0.16
Elongation Ratio (Re) 0.28 0.24 0.34 0.26 0.22
Length of Overland flow (Lo) km 0.10 0.09 0.11 0.19 0.10
Compactness co-efficient (Cc) 2.07 2.35 1.68 1.49 2.78
Constant of channel 0.20 0.18 0.22 0.39 0.20
maintenance (Cm)

Sub-Basin Names: 1. Nongsandrang, 2. Wahblei, 3. Um Jaiew, 4. Um
Melen, 5. Um Rablang.

ratio in the present study various from 0.12 to 0.45 (Table 4).
Elongation Ratio (Re)

The elongation ratio is actual representation of the shape of the
river basins. According to Schumm (1956), elongation ratio is defined
by the ratio of diameter of a circle having the same area of the basin
and the maximum basin length. According to Strahler (1964), the elon-
gation ratio usually ranges from 0.5 to 1.0 over a wide variety of cli-
matic and geologic types. Values near 1.0 are of typical of regions of low
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relief while values from 0.6 to 0.8 generally associated with strong
relief and steep ground slope. When the Re value is less, the stream is
supposed to be more elongated and the fraction is greater, the shape of
the stream basin is likely to be more circular or oval. Thus, the basins
can be classified as (i) Circular (> 0.9), (ii) Oval (0.8-0.9), (iii) Less
elongated (0.7-0.8), (iv) elongated (< 0.7). The upper Wahblei watershed
elongation ratios (Table 4) ranges between 0.22 to 0.34, indicating that
the sub watersheds are elongated in nature due to the guiding effect of
thrusting and faulting in the basin.

Form factor (Ff)

The drainage basin form factor is calculated as the ratio of aver-
age width of the basin, where axial length is the horizontal distance
along the longest basin dimension parallel to the main drainage. The
length of the basin is the longest dimension from the mouth to the
farthest point on the perimeter of the basin and the width measured
normal to the length. The form factor values range between 0.16 and
0.37 (Table 4) indicates that sub basins are elongated shape with lower
values of form factor.

Length of overland flow (Lo)

It is the length of water over the ground before it gets concen-
trate into definite stream channels (Horton, 1945). This factor relating
inversely to the average shape of the channel is quite synonymous with
the length of sheet flow to a large degree. The length of overland flow
(Lo) approximately equal to half of the reciprocal of drainage density
(Horton, 1945). This is highly responsible for soil erosion which is more
prominently seen along the non terraced hilly slopes of this region. The
computed value of Lo for all sub-watersheds varies from 0.09 to 0.19
(Table 4).

Compactness coefficient (Cc)

It is used to express as the relationship of a hydrologic basin
with that of a circular basin having the same area. A circular basin is
the most hazardous form a drainage stand point because it will yield
the shortest time of concentration before peak flow occurs in the basin.
The values of Cc in the study area vary from 1.49 to 2.78 showing wide
variations across the sub watersheds (Table 4).

Constant of channel maintenance (Cm)

It is expressed as the inverse of drainage density and depends
upon the rock types, permeability, climate regime, vegetation cover as
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well as intensity of erosion. In areas of close dissection, the value
becomes low. The Cm of Nongsandrang and Um Rablang sub-water-
sheds are same i.e, 0.20; on the other hand Wahblei, Um Jaiew and
Um Melen sub-watersheds are 0.18, 0.22 and 0.39 respectively. It indi-
cates that the above sub-watersheds are under the influence of high
structural disturbance, low permeability, steep to very steep slope and
high surface runoff.

Relief aspects
Relative relief (R)

Watershed relief is an important parameter in understanding
the denudational characteristics that formed the landforms as a result
of processes of weathering, mass wasting and erosion caused by
exogenetic geomorphic agents such as water, glaciers, wind etc. The
landforms formed by the agents of denudation can be identified as
pediments, pediplains etc. of the region. Relief is the difference be-
tween the maximum and minimum elevations in the basin. The maxi-
mum elevation in the upper Wahblei watershed area is 1649 m. and
lowest is 759 m. Thus, the relief of the study area is 890 m and the Sth

Table 5. Relief aspects of 5tt order sub-basins in the study area.

Sub- Elevation in ‘m’ Relative Relative Basin

basins Max ‘H’ Min ‘h’ relief relief Length

No. (H-h) (m) (H-h) (km) | (Lb) (km)
1 1260 1055 205 0.205 10.50
2 1141 872 269 0.269 13.50
3 1075 759 316 0.316 9.65
4 1294 1109 185 0.185 12.50
) 1267 886 381 0.381 23.35

order basins relief varies from 185m to 381m (Table 5).
Relief ratio (Rr)

The relief ratio is the dimensionless height-length ratio equal to
the tangent of the angle formed by two planes intersecting at the mouth
of the basin, one representing the horizontal and the other passing
through the highest point of the basin (Schumm, 1963). The relief ratio
of the 5th order sub-basins varies from 0.015 to 0.032 (Table 6).

Dissection Index

The dissection index gives a better understanding of the land-
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scape. It is the ratio between relative relief (R) and absolute relief (Ar).
Dissection Index (DI) = Relative Relief (R)/ Absolute Relief (Ar)

The values of Dissection index ranges from O (complete absence
of dissection) to 1 (vertical cliff at sea level). It is the index of the
degree to which dissection has advanced. In other words, it expresses
the relationship between the vertical distance of relief from the ero-
sion level and relative relief, i.e., the dynamic potential state of the
area. The fifth order sub watersheds of upper Wahblei dissection index

Table 6. Relief aspects of 5th order sub-basins in the study area.

Sub-basins No. /

Parameter 1 2 3 4

Relief Ratio (Rr) 0.019 0.020 0.032 0.015 0.
Relative Relief (R) (km) 0.205 0.269 0.316 0.185 0.
Ruggedness Number (Rn) 1.00 1.42 1.40 0.46
Dissection index (R/Ar) 0.16 0.23 0.29 0.14 (

Sub-Basin Names: 1. Nongsandrang, 2. Wahblei, 3. Um Jaiew, 4. Um Me
5. Um Rablang.

ranges from 0.14 to 0.30 (Table 6).
Ruggedness number (Rn)

It is the product of basin relief (R) and drainage density (Dd). It is
also the dimensionless quantity used to combine the qualities of slope,
steepness and length. The Rn calculated for the study area ranges
from 0.46 to 1.89 (Table 6), indicating that the basin lies within a hilly
terrain.

Conclusions

Based on the stream order upper Wahblei basin has been desig-
nated as 6th order basin. The morphometric analysis of drainage net-
works of all five sub-watersheds exhibits the dendritic to trellis pattern,
and the variation in stream length ratio might be due to the change in
slope and topography. The mean bifurcation ratio 4.13 indicates that
the drainage pattern is not much influenced by geological structures.
Drainage density of the sub basins reveals that the nature of sub sur-
face strata is permeable and having dense vegetation. The elongation
of the basin is mainly due to the guiding effect of thrusting or faulting.
Relief ratios indicate that the discharge capacity of sub watersheds is
very high and the ground water potential is meager. This type of study
is more useful for locating the rainwater harvesting structures and
watershed management.

A Sournal of GAM



58

Acknowledgements

The authors wish to thank the Head, Department of Geology,
Mizoram University, Aizawl for providing the infrastructure facilities
made the present work carried out. The authors are grateful to the
DST for funding the pilot project on morphometry of landforms in
Jadukata and Umngi basins of Meghalaya.

References

1. Hadley, R. F. and : "Sediment Sources and Drainage Basin
Schumm, S.A., (1961) Characteristics in Upper Cheyenne River
Basin". United States Geological Survey wa-

ter-supply paper, 1531-B, pp. 137-196.

2. Horton, R. E., (1932) : "Drainage Basin Characteristics". Tran.
Amer. Union, V. 31, pp. 350-361.
3. Horton, R.E., (1945) : "Erosional Development of Streams and

their Drainage Basins Hydrophysical Ap-
proach to Quantitative Morphplogy". Bull.
Geol. Soc. Amer., V. 56, pp.275-370.

4. Miller, V.C., (1953) : "A Quantitative Geomorphic Study of
Drainage Basin Characteristics on the
Clinch Mountain Area, Virgina and Ten-
nessee", Proj. NR 389-402, Tech Rep 3, Co-
lumbia University, Department of Geol-
ogy, ONR, New York.

5. Nag. S. K., (1998) : "Morphometric Analysis Using Remote
Sensing Techniques in the Chaka Sub-
Basin, Purulia District, West Bengal". In-
dian Soc. Remote Sensing, 26 (1&2), pp. 69-
76.

6. Nautiyal, M.D., (1994) : "Morphometric Analysis of Drainage Ba-
sin, District Dehradun, Uttar Pradesh".
J. Indian Soc. Remote Sensing, V. 22(4),
pp. 252-262.

7. Pike, R. J., (2002) : "A Bibliography of Terrain Modeling
(Geomorphometry), the Quantitative Rep-
resentation of Topography" - Supplement
4.0. Open file report 02-465. U.S. Geologi-
cal Survey, Denver, 116p. http://
geopubs.wr.usgs.gov.

A Sournal of GAM



8. Pike, R. J., (2000)

9. Schumn, S. A, (1956) :

10.Schumm, S. A., (1963) :

11.Smith, K. G., (1950)

12.Strahler, A. N., (1964) :

13.Uddin, A. and
Lungberg, N. (1989a)

14.Uddin, A. andLungberg, N.

59

"Geomorphometry - Diversity in Quanti-
tative Surface Analysis". Progress in Physi-
cal Geography, V. 24(1), pp. 1-20.
"Evolution of Drainage Systems and Slopes
in Badland at Perth Amboy, New Jersey".
Geol. Soc. Amer. Bull., V. 67, pp. 597-646.
"Sinuosity of Alluvial Rivers on Great
Plains". Bull. Geol. Soc. Amer., V. 74, pp.
1089-1100.

"Standards for Grading Textures of Ero-
sional Topography". Amer. Jour. Sci., V. 248,
pp. 655-668.

"Quantitative Geomorphology of Drainage
Basins and Channel Networks", In: VT
Chow (ed.), Handbook of Applied Hydrol-
ogy. McGraw Hill Book Company, New
York, Section 4-11.

“Cenozoic History of the Himalayan-
Bengal System. Sand Composition in the
Bengal Basin, Bangladesh”. Geol. Soc.
Amer. Bull.,, V. 110(4) 497.

(1989b) : “Unroofing History of the
Eastern Himalaya and the Indo-Burnma
Ranges: Heavy Mineral Study of the
Cenozoic Sediments from the Bengal
Basin, Bangladesh” Jour. Sedimentary
Research, V. 68, pp. 465- 472.

A Sournal of GAM



