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I. Statement of the Problem

The physical environment of man consists of landforms,
climate, water, soil, natural vegetation and native animal
life etc. This resource complex i8 necessary for human exis-
tence. It provides him with living Space, with food and with
a vast variety of raw materials used in the satisfaction of

human_vants.

Land resource plays a vital role in the determination
of man's economic, social and cultural progress which could
be easily séen and clearly understood through reference to
econcmic development of different countries., In many parts of
the &orld, the Ssoil has been so damaged by mismanagement and
abuse that it will never again be able to sustain a viable
food prodquction system. Nearly, 50 per cent of the world popu-
lation depends directly or indirectly on land and land based
resources for 1iving; Therefore, the assessment, management,
preservation and maintenance of land resources is the most

important task to the present civilization.

The mismanagement of land has led to soil erosion on a
vast séale, or top soil, the most vital part necessary for
healthy plant ggpwth. Under the natural conditions, it re-
quires from 300 to 1000 years or more to generate an inch of
top soil.,
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In case of India, it has been noticed that the good
soils have been degraded due to climatic faectors, its improper
management and misuée. Deforestation is a major cause of soil
erosion; The extent of annual deforestation of rain forests
in India is about 80,000 to 1,00,000 sq.km. (FAO, Soil Bulletin
No. 30, 1977=78). The Scale of deforestation, not only makes
ecological imbalance in our country but also causes the soil
erosion and degradation. In India, one-third (NRSA, 1983) of
the arable land is threatened with total loss of top Soil.

b

The main casuality of this process of deforestation is
the hill areas of North East India, where the Soil is being
 washed by its faulty use pattern, It has about 4,94 per cent
of closed forest (NRSA, 1983) cover. It is estimated that
about 5.5 thousand sq.km. of additional forest is cleared

every year in the region (50 per cent of which is Primary 'y

forest) due to Slashad burn practices (P.S. Remakrishnan,

1985). At this rate, the primary vegetation would vanish from
this reglon within a span of 25-30 years. This will distort
not only the ecology in this region but also will degrade the
' soil fertility.

The pressure of population (at 3 per cent per ahnﬁm) on
the land and land based resources is increasingly tremendously
in the region and as a result the tropical rainforest ecology

is being converted to degraded grassland ecology, 2 transforma-
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tion both in the structure and as_well as the functions of the
system. The gentler slopes and spurs which come usually under
first stage shifting cultivation (Jhumdﬁg@) have been severely
degraded with tbe parent materials exposed and soil cover
eroded due to shortening of the 'Jhuming: cycle' to less than
- 10 years. It is now the steeper slopes and crests of hills,
-vwhich are under severe straiﬂ of 'slash and burn's. The gentler
slopes are normally more fertile and have a greater soil reten-
. tion capacity. The steep Slopes and the crests ecologies are

' most 'vulnerable' and if not protected, get degraded after one
or t¥o of the shortened shifting cycles.

This, particularly, is true in case of West Khasi Hills
District of Meghalaya. A large areas of this district is totally

deforested and has given way to extensive degraded grassland

* . vegetation vwith little hope of reversal.

There are also no accurate information available on these

processes:

a) the extent gf-erosign of soil;
'b) the pattem and quality of soil at different stages
of degradation and the quality of soil at different
slopes, valley'bottom and crest 1ands;

II. Objectives . |

_ Keep;ﬁg the significance of the probléms to be investiga-
ted in mind, the objectives of the proposed study could be
stated as follows:
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a) To prepare a detailed soil map of the distyict on the basis
of ecological land units and‘vari@msdegrees of slopes and

| stages of degradation, ' -

b) To analyse the physical characteristics like ~ texture,
‘structure, colour etc. and chemical charecteristics like —
NPK status, pH value, organic carbon etc. which have been
‘moasured from sample collections covering selected samples,
and |

¢) Finally, %o prepare a Soil rating index in different ecolo-
gical zones and preparation of the soil map of the district
indicating degraded areas for their suitable management.

Besides these objectives, the following hypotheses have
been proposed and tested in the study.

i) . fhat clearing and cultivatioﬁ of steeper Slopes ('>15°)
and crest lands lead to quicker removal of top soil and
fall in fertility status of the soils, e

ii) ~Inat the progressive desertification of the slope-ecology
may lead to sharp degradation of the valley-bottom
ecology and the cultivation practices,

i34) That arrested jhum cycies (5-10 years) aend shortened
cycles (<5 years) aldow for large nutrients loss from
the soll, and distort the soil characteristics.,



III, Methodology
. The planAof vork has been divided into three parts;‘
a) Maps.
b) Analysis of Soil - i) Soil Sampling,
| ii) Physical CharécteristicS,
111) Chemical Characteristics.
¢) Soil Rating Index and Soil Classification amd

Mapping.

(a) Maps

The following maps were prepared for the study:;
i) Relief map, |

ii) Vegetation map.

iii) Drainage map.

iv) Slope map.
v) Geological map..

vi) Map of the Major Ecological Zones of the district.

(b) Analysis of Soil: Methods
1) Soil Sampling : Using Composite Soil Sampling Method.

1i) The physico-chemical properties of the soils are deter-
mined by employing standard methods. With the help of maps rela-
ted to relief, slope, vegetation, drainage and climate 10 major
ecological zones of the district have been 1dehtified out of
- which six zones have been selected for detailed analysis. At
micro-level land facets have been identified on the basis of

the following criteria:
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i) Valley bottom,
ii) Gentle slopes,

iii) Steep slopes, and

iv) Crests.

Keeping in view, the topographical characteristics of

landfacets, 72 landfacets have been selected from six ecologi-

cal gones., The six ecological zones cover more than ¥o> per

cent of the total geographical area of the district.

There are twelve variables which have been identified as

the most important ones and obtained by field collection and

measurement of physical and chemical characteristics of the

soil and by obseryvation of site characteristics of the samples.

All the twelve variables have been classified into three groups.

Group As

X1:

Physical Characteristiecs.
Texture.

Structure

Colour

Chemical Characteristics.
pH value..

Kg/Ha of Nitrogen (N).
Ke/Ha of POge

Kg/Ha of K20

Kg/Ha of organic Carbon
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Group C: 8ite Charaéteristics.
' Xg: Altitude,
X103 Degree of Slopes.
X4q8 Vegetation Cover,
X1és T0pbgraphyg

The, S0il Rating Index attempted in the present study is
by vway of combining the above twelve variables into. a numeri-
cal Composite Index using Kendall's Principal Component Analy-
sis technique, This has been done in two stages. First, by
grouping the variables at the level of the three subegroups
and finally, combining the subgroups into the final composite
index indicating the overall rating status. '

IV. From the sbove study, the following findings can be
observed:

The Composite Index (I) i.s., of the three subgroups A,
B and C for the 72 soil samples shows a consistent gradation
of index values from high positive in case of valley bottom
(1.866) to high negative in case of crest (=1.152) samples, It
may indicate that there are positive average values in case of
chemical and site_characteristics_of,soil in valley bottom
facets. In case of physical chafacteristics, there is an average
negative value, because of the combination of all the three
principal physical characteristics. It has been noticed that
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the valley bottom facets are five times more favourable than
the gentle slopes, although the latter shows an average posie-
tive value. There is a sSharp decline of all the three charac-
teristics of soil in the steep slopes and crest samples,

The Clay (C) category of soil texture dominates the
samples with an overall share of 47.3 per cent, The second most
dominant textural class is the Loam (L). Sandy Loam (sSL) domi-
nates this group by 19.3 péer cent in the overgll share. The -
soil textural map shows that out of six ecological zones, Zone:
"1, 3 and 4, which are predominantly highland areas, are domi-
nated by Sandy (S) and Loam or Loam group of Soil except the
isolated valley facets, where clay group can be observed. On
thé other hand, ecological zone 2, 5 and 6; which are predomi-
nantly valiey areas and lqw lands, are dominated by clay group
of soils except the isolated spurs where, the loam or sand

group can be observed.

The Broun (B) Colour Soil (10YB5/3) dominates the samples
wvith 15.3 percent of share within the 19 classes of soil co-
1oﬁrs. On the other hand, the brown group of éoil has a signi-
ficant dominance with 90,5 per cent of the share of samples,
This overall dominance of brown_group might have resulted due
to several factors, such‘as, the presence of large humus content

in valley soils, presence of semi-decomposed and unconsolidated
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biotic matter in valley and gentle slopes, and forested sites,
presence of iron 6xides vhich diluted with humis under moist

conditions would provide brownish colour etc.

There is a distinct Spatiai distribution within bfown
colour group of'soils. In the slope areas i.e., gentle slopes,
steep slopes and crests, are dominated by Broun, Dark Brown
(Db) and Strong Brown (Sb) colour of soils. On thé other hand;
light brown (Ib) and Pale Brown (Pb) colour of soils are fouhd
in the lowlying areas, particularly, valley bottom lands: This
ié becausetthe valley soils are dominated by greatér percentage
" of humus in the top layers as well as the greater percentage of
clay particles, wvhereas, the slope soils are dominated by sand
and loam textures with presence of quartz, silica, with a fair
amount of ferrous oxide (Fe 05) which nges it a dark brown

and reddish brown colour.

The Soil Rating Status (Ecol_l.ogica:‘._. Zonewise)
The Ecological Zone 6, 1;e; Balat Zone, has the best qua-

lity of" soil (among the six ecological zones) indicating 50.0

percent of very good soils (IV) class, This may be because of(
lbﬁ altitude ahd.mixed deciduous forests which could conserve
the nutrients from erosion, clay dominance of texture and
higher humus availébility. It has also a significant percéntage
of good soils (iII) and medium (Ii) gquality soil classes and

there are no samples belonging to the low class i.e., very poor(I)



soils, The statuswise the second highest zone is the Mairang -
Zone i.e., Zcne 5, has 50,0 percent of samples under good

soils (III) category, with 16.7 percent as very good (IV).soils.
This 1s because of the extensive valley bottom (flat) lands
with small hill ranges, which are fully utilised for cultiva-
tion, ' | ’

The Zone 5, i.e., Mawsynram and its annexe zone has come
the third best zone in terms of soill quality, indicating 33.3
percent of good soils, 25.0 perceht'of very good soils and
16,7 percent under the poor quality of soils, It is because of
the gentle slopes, the mixed forests mainly bamboo interSpersedA
with a great many river valleys and.vélley soils, The percen-
tages of poor soil category (I) in Zons 1, 3 and W, are much
higher and therefore, dominance of below average quality of
soils. The soil quality is generally poor in ecological Zone 3
i.e., Nongstoin Zone vith 75.0 percent of poor quality of soils
(I). The occurrence of poor Soil is very high because of its
topographical characteristics. This Zone is largely a plateau
top with high hill ranges and sparsely distributed. pine vege-
tation.

Soil Rating Status (Landfacets-wise)
The Soil Rating Status (Landfacets wise) shows 77.5 per-
cent of very good quality of soils under valley bottom landfacets,
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The gentle slopes have 22.2 percent and Whi.4 percent of very
good quality and good quality of solls, respectively. In case
of steep slopes and crests, the very good quality of soil 1s
'less (very good zero in both cases and good soils 22,2 percent
each), Therefors, these seem to‘be a very positive relation-
ship between Soil quality and the landfacets. The quality of
soil decreases in the increase in slope. It is possible that,
due to *'deforestation! and 'Jhum' cultivation, the upland soils

have been degradation.

V. It can be generélly‘concluded from the study that while
valley lands aRd gentle slopes have the most suitable soils

the steep slopes énd the crest facets indicate poor quality of
soils, This may be due to the continued deforest;tion of these
ecologlies and quick degradation in lend qﬁality. There are also
inherent deficlencies in soils of steep slopes and crests due

to the shallow depth of soll and low ratention capacity,

Among the ecological zones, the highland zones (four) are
the least fertile, while Mairang and Balat Zones which contain
a large number of river valleys are the most fertile,

Although one cannot be absolute sure about the relatione
ship betuween deforestation, land degradation and soill quality
changes due to the one-time-point nature of the study, but there
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are sufficient indicatiéns to surmise that. the relationship
still holds good. Moreover, the steep slopes and the. crest
langds are the most vulnerable from ecological point of view

and needs greater land management measures,.
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CEAPTER - I

INTRODUCTION

1.1 Statement of the Probleam

The physical environment of man consists of landforms,
climate, water, soil, natural vegetation and the native animal
life. ihis resource complex is necessary for humaen existence;
it provides him with 1iving. space, with food and with a2 vast
varlety of rav materials used in the satisfaction of human
vants, Land rescurces play a strategic role in the determina-
tion of man's economy, social and cultural progress which could
be easily seen and clearly understood through reference to
economic development of differeni countries, It has been
noticed that in many parts of the vworld, the solls have been 8o
damaged by mismanagement and abuse that it will never again be
able to sustain a viable food production system, Nearly, 50 per
cent of the world population depends directly or indirectly on
land and land based resources for their living. This dependency
is more Sighificant in terms of the developing countries than
the developed countries, Therefore, the assessment, management,
preservation and maintenance of land resources 1s the most

important task to the present civildzation,

The mismanagement of land has led to Soll erosion on a
vast scale, i.e. the physical loss of the upper layer or top
soll, the most vital part necessary for healthy plant growth,



Once this top soll or layer has been lost, it is for all prac-
tical purposes, gone for good. For example, even undeé natural
conditions of cover, it takes from 300 te 1000 years or more
to generate an inch of top scil, and 1t would need 2000 to
7000 years to generats seven inches of top soil.

Historleal evidence indicates that in the Eastern Medi-
terranean region during Homan tiges miliions of hectares of
.land became desert; ! 4n China, vest areas became eroded and
abendoned, and as reeently as 1934 records indicate that the
Yellow River carried silt vashed down from cultivated lands
equivalent Lo soil one metre deep, over 145,000 hectares, In
Latin America, there sre densely populated areas uhere the
s0il is very susceptible to erosion and losses have been 50
high a3 to place.at least three countries there among the low-

calorie areas of the vworldg.

In cose of India also, it has been noticed that the good
'soils have been degraded.due to climatic factors, its improper |
menagement shd misuse, Here, in Indla, deforestation is a major
cause of sbil orosion. The extent of annual deforestation of

'rainfomst 4n India iS about 80,000 to 1,00,000 sq.km.? This

'?; "Soili C@ﬁservatzon for Developing Countries® in Soil Bulletin
No.30, FAQ, 1977 & 1976.

20 FohoODoy Qugeit.
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scale of deforestation, not only makes ecological imbalance in
our'countiy but also causes the sSoil erosion and degradation.
It can be mentioned here that in Indis, one-third3 of the
arable land is threatened with total loss of top soil.

| The main casuality of this process of deforestation 1s
occurring in the hill arees of North Eastern Region of Ihdia,
. wiich is belng washed avay by its faulty use pattern. It has
about 4,94 percent of closed forestk cover, but of these forest
are secondary vegetation, the 10 years old bamboo shrubs deve=-
loping after shifting cultivation.s It is also estimated that
about 5,5 thousand square kilometres of additional forest is
cleared every year in the region, 50 percent of which is primary

forest due to slash and burn practices.6

At this rate, all the
primary vegetation would vanish from the region within a span
of 25=-30 years, This will distort not only the ecology in this

region but also will degrade the soil fertility,

The pressure of population on the land rescurces and land
based resources are increasing tremendously in the region., Gra-
dually, the tropical rainforest ecology is being converted to
degraded grassland ecology, a transformaticn both in the struce

ture and 28 vell as the functions of the system. This process

3. M. Kamal, "Soil Erosion Thregtens World Agriculture®,
Mazingira Indian &dition, Vol, 8, No, 3, 1984,

4, National Remote 3snsing Agency, 1983,

5. P.S. Ramakrishnan, "Iribal Man in the Humid Tropics of the
North-East India", Man in India, Vol. 65, No.1, March 1985.

6. P.S. Ramakrishnan, Qg.g .
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is similar both at the lov latitude as well as the high alti-
tude rainforests. The pressure on the land is progressively
increasing with a exponential rate of grouth of population at
3 percent per snnum, Ihe gentler slope and spurs which come
usually under first stage shifting_cultivation~(Jhuming§) have
been severely degraded with the yafent materials:exposed and
their 'soil cover ercded due to shortening of the . juuming
cycle to less than 10 ysars. It is now the éteeper slbpes and
cyrests of hilis which are under Severe strain of slash and
burn. The gentler slopes are normally more fertile and have a
“greater soil retention capacity. The steeper slopes and the
.erests ecologies are ¢he most vulnerable and if not protected,
get degraded after one or two of the shortened shifting cycles.
Ihis, particularly, is true in case of West Khasl Eills dis-
trict of leghalaya. A large area of ﬁhis district is totally
deforested and has given vay to extensive degraded grassland
vegstation vwith little hope of reversal.

There are alss no accurate information agvailable on thess

processess

(é) The extent of erosion of Soil,
(b) The pattern and'@uality of Soil at different
. stages of degradation,
(é) The quality of soil at different slopes, valley
bbttom ang crests.
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1.2 Objective of the Study

The main_objectives of the preséﬁt study are as the

following:

(a) To prepare a detailed soil map of the district on
the basis of ecological landunits and at the various
degrees of slopes and stages of d.egradatioh°

(b)) To analyée the physical characteristics like,
colour, texture, poresity, depth of horizons, thic=-
kness of humus ete. end chemical characteristics
like availeble NPK status, pH value, available
carbon content, ete, which will be measured from
sample collicecetions covering selected sample areas,

{c) Finally, to prepare a Soil rating index in different
ecological zones and preparation of the Soil map of
the district indicating degraded.éreag for their

suitable'management.
1.3 Bypotheses and Research Questions
10301 Hypotmﬂes o ) _ _ ‘
The following hypotheses have peen proposed to be tested
in the study:
" (a) Ihat clearing and cultivation of steeper slopes

( >10°) and erest lsnds lead to quicker removal of
top soil angd fall in fertility status of the seoil.
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(b) That arrested jhum cycles ( <5-10 yrs) and shortened
cycles (<5 yrs) allow for large nutrients loss from
the soil, and distort the soil characteristiecs,

(c) That the progressive desertification of the slope-
ecology may lead to sharp degradation on valley-
bottom-ecology and the cultivation practices.

(d) That the clearing of the forest by burning in shift-
ing cultivation has resulted in increase of soil pH,
available potash and calcium and decrease in organic

carbon.

Besides these hypotheses, there are a fevw generél‘research

querries which shall be attempted to be studied.

1.3.2 Besearch Questions

(a) Yhat will be the NPK status in different ecological
landunits? Does it vary along with slopes and stages
of degradation? |

(b) vhat is the effect of altitudes and topography on the
physico-chemical properties of the sbilgg

(c) Are there any differences among the soil . texture,
colour, and depth of hbrizon in relations to steep
slopes, gentle slopes and valleys?

(d) How the soill texture is goﬁerned by the parent

materials?



1.4 Study Area

or the present analysis, the study area;chosen, is a
district of the State of leghalaya which is the West Khasi
Hills distgdct,

(a) Location

The Hegt Khgsi Hills district is situated in the west
of Bast Khasi Hills ddstrict of Megnalaya. The district 14es
- between 25°10'F to 25959'N Latitude and 904598 to 919%52' E
Longitude, The district headquartersnis located at Hongstoin,
at a distance of 96 Km fyom Shillong, the capital of the State,
The district is bounded by East Khasi Hills district of Megha-
laya on the cast, Kamyup district of Assam on the North, Bast
- Garo Hills end west.GarO'ﬁills districts of Meghalaya on the
West and Bomgladesh to the South,

The map Ho, 1 shows the location of the West Kbasi Hills
district of Mesbalaya.

In the dlstpict, thers are four Community Development
Blocks. They are Wongstoin, Mawshynrut (Sonapahar), Mowkyruat
and Mairang. fhey provids the operational jurisdiction of the
district,

The total geogragbical area of the dlstrict is 5,247 sq.
km? occupying ébsut 2L percent of the total geographical srea

?. Government of . Ne halaya "Soclio~Economlc Review" West Khasi
Hills gistrict 1981, Distyict Statistical Office, tiest
Khasi E&lls, Hongstoin.
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of the State of Meghalaya. The district had a total number of
813 villages.e The district comprises of some of the most back-
ward areaslof the State., In 1975-76, the Government of Megha-
laya . declared k32 villages of the district as "iost Backward"
and another 105 villages as "Specially Backwaxd".g

(b) Geology | |
‘The scils of the Horth-Eastern Hill Region bhave develop-
ed under the influence of many types of bed=-rock conditlions,
The major.areas of Khasi Hills have been formed of gneissic
rocks. 10 The rocks comprise mainly of biotite-gneiss, biotite-
granulite, tourmaline schist etc, |

The rocks in Meghalaya belongs to five geological forma-

"

tions. These five formaticns ares

i) The Archaean Gneissic Complex,
ii) The Lover Gondwana Rocks,

111) The Sylhet Traps,

iv) The shillong Group of\Rocks, and
v) The Cretaceous Tertiary Sediments,

Table No. 1.1 shows the Geological fbrmation and the rock
types of Meghalaya.

8. lbid., pe 2.
9. .-IQ;Q" Be 2-

10, -G. o.I., Misg, Pub;;cgﬁi No, 30 (1974), Part IV, pp. 0-75.

11, T, Oldham, "hotes on the Geological Structure of the part
of the ﬁhasi Fills: QEmo" G.S.1. Vcl. 1, No. 2. -



Tgble No, 1.1:

Geglopical Formation and Rock Types in Memhsl

Rock Type

Geological 5 Group. E Formation f
Age i ' !
Recent New Alluviun Unclassified Sand, 8ilt, Clays
\ { Thickness
not knoun)
Pleistoecene Older Alluvium Unclessified . dand, Clay, Pebble, Gravel and
(Thickness not Boulder deposits.,
known)
L N T . T T T Uncgnfox’mityaee ooooo e e % e e e o o e e a0 oo
Mio-pliocene Dupi Tila group Unclassified Mottled Clays, Feldspathic
(1050 m) Sandstone, Conglomerate.
0ligo- Garo Group Chengepazra formation Sand, diltstone, Clay, Merl.
Miocene (700m) S - .
Baghmara formation ¥eldspathic Sandstone, Pebble,
(530m) . Conglomerate, Clay. :
Simgsang formation siltstone, Sandstone, eslterna-
(1150m) tions wand,
Jaintia Group Kopili formatiocn (500m)  Shele, Sandstone, Maril.

Focene

shella formation (600m)  Alternagtion of Sandstone,
Limestone. ,
Langper formation (100m) Calcareous Shale, Sandstone,
: Limestone

o1



Table Ho. 1,1 (Contd,)

Formation

Geological s Group i 5 Rock Typse
Age | | | a
Upper Khasi Group Mahadek formation (150m)  Arkose (Glauconitic)
Cretaceous Bottom Conglomerate forma- Conglomerate, Arkose
tion ) A , .
Jadukata Formation (1%0m) sandstone, Conglomerate alterng-
tions,
wcofcaaa=°¢c=acUnC{)[]f0rmit.y¢aeoecaoeanboceose-w‘=-cean
Jurassic Sylhet Group - Basalt, Bhyolite, Acid Tuff.
(600m) _
Pre- - Intrusives (acid & basic) Porphyritic & Coarse Granites
Cambrian : Pegmatite, Aplite, (uartz-Vein,
Epidioriteg:nclerite, Basalt,
8hillong Group ' Quartzite, Phylite, Conglomerate,
ﬁaB"GOGQ°=°°¢ﬂOgnconfolqmiﬁyﬂ-aaaeﬂceQﬁcl.c:cﬂcaGaoaccﬂagg
Archasan - Gnelssic Complex Biotite, Gneiss-Diotite-Hornblende.

CGneiss, Granitic Oneiss, Migmatite
Mica schist, $illimanite-Quartsz,
dchist, Diotite CGranulite, Amphi-
blotite, Pyrosene Granulite, etc,

Source: Geological suxvey of India, ise, Publication No. 30 (197%) Part IV, p. 73. -

i
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The rocks of the West Khasi Hills district of Meghalaya
is also formed from above mentioned five geological formations,
Toe Map No. 2 shouws the distribution of different types of
rocks in the district.

(1) Archaean Gneissic Complex

This Archaean Gneissic Complex occupies the wmajor portion
of the district. The rocks in this complex are biotite, gnelss,
quartzite, schist, sillimanite etc, They are composed of mainly

gneisses mignatites and meta-sedimentary beds.

(1i) The Lover Gondwana Rocks

The Lover Gondwana rocks are found ib south-west corner
of this district, where coal is available. In this Lover Gon-
dwana-coalfiecld with thick coal seams, underlying the declomites

and phyllite5.12

(i4i) The Sylhet Iraps |

- Ihis type of formation is found in the southern part df
the district., The direction of the formation is east to west
bounded in a narrow strip., Balat area of the district is com-
posed of this type of formation, Sylhet Trap includes predomi-
nantly Basalt, Rhyrolites and acid tuffs. Sylhet Trap and the
adjoining Archaean rocks to the north are characterised by seve-
éal Basalt Dykes,

12. D.N, Wadia, Geology of India, bth Edition; Tata McGraw-Hill
Publishing Company Ltd., New Delhi, 1975, pp.172-180.
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(iv) The shillong Group
In the eastern part of the district, &hillong Group of
rocks are found, IThey are composed of Quartzite, Phylites,

Schists, Conglomerates etc.

(v) The Cretacecus-Tertiary sediments
This formation occupies the soutbern parts of this dis-

trict. The rocks: are mailnly sandstone, shale, and limestone,

This fcrmation is divided lnto three groups-
(2) The Rbasi Group,
(b) The Jaintia Group, and

(c) The Garo CGroup.

(a) The Khasi Group
The ﬁhasi Group, agaln divided into two formations:
(1) The Mahadek, and (4i) The Jadukata formation.

The Jadukata formation consists of alternation of Conglo-
merate and limestone., 1t overlies non-conformably the bvlhet
Trap and oceurs to the-ncrth of the Riba Fault. The Mabadek

formation consists of coarse arkose rocks

(c¢) Physiography .

- Among the seven istates in the North Egstern FRegion of
India, Meghalaya-is"ong of the most rugged‘state in the region,
It is full of hills, valleys, plateau and rivers. In the north,
the small hillocks aie found‘and which merge with the plains of
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Assam. In the south, the slopes are very steep and there are
decp gorges and spurs, ihe middle portion of Meghalaya, i.e.
plateau proper, looks like an imposing table-land with steep
escarpmenté and deep valleys bordering the Sylhet plains of

Bangladesh,

_ Physiographically, the district can be divided into
- three main physical 2zones, l.e,

- (1) the Central Highlang,
{ii) the Southem Slopes, and
(1ii) the Northern 3lopes.

Khasi Eills district.

-(1) Thé‘Central Highland'

The Central Highland of the district forms the western
part of the Ri Khasi (Shillong) plateau of Meghalaya. This zone
occupies the central portion of the district. Mairang, Markasa,
Nongstoin etc. lie within this zone. The seconé highest peak of
‘Meghalaya, Thadraishan (1893 metres) is located in this gzone,
1ying between Mairang and Nongstoin. This Central Highland Zone
climbs down giadually to meet the hills of Garo Hills at the
elevations ranging from 12005metreS'to 600 @etres at various
: placés. A pumber of rivers originate in this bighland zone and
" drain both to the~no£th and the south,
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(11) The sSouthemn sioyes

The'scuthern slopes comprise of a belt of lower hills
and valleysgggéggiggéig Ranikor, Borsora etc. are situated in
this zone. The hills in this zone are in northesouth alignment;
In many places, the slopes are very steep starting apnd ending
abruptly. Cliffs and precipies overlook gorgecus valleys at
many places. This zone touches the plains of Bangladesh in the
south at elevations of 200-300 metres above the mean sea level.
The Rongkhai, the Kynshiang and Um Ngi are the principal rivers
flouing southuard through the western, central and eastern
parts, respectively. There are many Smaller rivers and streams
Such as the Wgh Butit, Wah Iaw, Um Wosar, Um Blei, Um Waisar,
Un Tham, and Rilang, which join the Kynsiiang after criss-
| ciossing the central part of this zone.

(1ii) The Northern Slopes

The Northern Glope Zone is a belt of low hills, The ele-
vation gradually decreases northward to meet the plains of
Assam at an elevation of 150 metres above mean sea level. The
Khri, Um Synthi, Um Sirl, Um Kamran, Tyrsung anc part of the

Untrew. are the rivers in the area.

(d) Drainage
A fev rxivers are flowing in the district. The Central
Highland Flateau is the watershed zone and the rivers are flou-

ing towards north and south of this highland. The major rivers
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like, ‘river Kynshiang, river Balat and river Simsang are
flowing towards the sauth and in the north, rivers like Um
Krisiniya and Umtrew river are flowine to thg plains Qf Brah-
maputrafvalley.

. It has been noticed that these rivers carry the nutrients
from the hill slopes and get deposited in the valley area,-
which is suitable for paddy cultivation. Moreover, the river
" water is the main source of drinking water for the hill people;

(e) Climate

' The climate of aistrict is tropical to sub-tropical. In
the Northem blopes and in the Southern blopes, the experiences
in summer is hot and.the vinter is mild. In the Central High-
;and,‘there is prevalence of temperate climate with maximuwm
sﬁmmérAtemperatufe generally not risiné above 27°C and miniwmum

uinter temperature dropping doun to as low as 1°C.

| The followin& table Ho. 1.2 shows the Avergge Annual
Maximum and Minimum Temperature at important centres of the
Uest Khasi Hills district

Table No. 1.2¢ uest Khagd Hills District = Average Annual
» Haximum_end hinimu__%gggggatura temperature

in degree centigrade).

.y ] nom&'i""’"ﬁf - T RIANGDO

ear  Tiex Hn . Hax ; ¥in
1979"80 2’*970 16 71" 22058 15.27
1980-81 24,30 18.55 22,11 - 13.67
1981-82 24,33 48,16 23.25 15.8
1982-83  _ 23.75 16,97 2L 4y 15.0

‘Source: District Statistieal Abstract West Khasi Hills 1983,
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The variation of temperature in four years at the selec-
ted centres is very 1ittle. In Nongstoin, the maximum'tempera-
ture was 24,70°C in 1979-80 and in Riangdo, it vas 24,41°C in
1982-83. The minimum temperature is found 16.74°C in 1979-80
at Nongstoin end 13.67°C at Riangdo station in 1980-81. The
four years maximum and minimum temperature is shown by the dia- .
gram No, 1.

Rainfall

'Rainfall is génerally assured during the summer, but it
varies greatly in intensity and duration from region to region
within the district. The South-West lonsoon accounts for most
of the rainfall. The Scuthern Slopes which face the incoming
rain-bearing winds, receive the maximum of rainfall, recording
an -annual average of upto 12,000 mn'3 in the eastern border
near Mawsynram. In the Central Highland, the annual rainfall
averages 2,5C0 mm to 3,000 mm, whereas in the Northem Zone,
vhich lies in the rain shadow area and the precipitation is
less, recordlnv as lou as 1 250 am per annuk at certein places
in this zone. There is no. ‘accurate data of the relative humidi-
ty, available, but it is 1earnt that December, January, February,
Hareh and April are the dry months when relative humicity
‘becomes as low as 50 percent. The rest of the period of the
year is more humid,’ recording even 90 percent relativeAhumidity
-in June, July and August. |

13. Rainfall figures are collected f‘om the Dist;;gt Statistical
bstrgg for ¥est Khasi Hills 1983,
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Table No. 1.3 shows the average annual rainfall at
important centres of West Khasi Hills,

Iable No. 1,33 Hest Khasi Hills District Average Annugl
Rainfﬁ ZR@fall in om).

Ye_ar :, Nongstoin 5 Riangdo
. 1979-80 3789.9 2915.0
- 1980-81 | 3169.7 3301.9
1981-82 3643.3 3218.0
| 1982-83 - 413646 3223.2

Source: Distyict Statistical Abstract West Khasi Hills 1983.

(f) Natural Vegetation

A variety of natural ﬁegetation, ranging fron sub-tropi-
cal to ‘tempférate vegetation can be found in the district, accor-
ding to the reglons and climatic zones. Tropical vegetation is
seen generally upto an elevation of 600 metres, upto 900 metres,

temperate forests and grasslands are found.

The 'natural vegetation has enriched the district with
forests of valuable timber like, Pine, Teak, 531 etc. specially
in Rongstoin, Mawshynrut (Sonapahar) and Mairang Development
Blocks. Commercially important cane and bamboo are also found

in abundance.

Map No. k-shouws the distribution of natural vegetation
of West Khasi Hills district..
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Forest

The area under forest as estimated for the four consti-
tuent Developmént Blocks of the district 1s about 35 percent'”
of the total geographical area of this district, Nearly,90 per

cent of the total forested area is under the control of the

 District Council end the rest under the Government, uhile the

most forest under -the contfol of the Government are managed
under regular working pdens and schemes, those under the Dis-
 trict’ Council hed no Such plans. ‘

' Table No, 1,% shows the area under reserved, protected,
unclassified and leased forests in the district for the three
years (1982, 1983 and 1984).

Table No. 1.k: West Khasi Bills Tistyict ATea Under Forests.

- {in aga_‘)
Year 'Peserved'Protectp'UnclaS-’PTivate, Village' Totel area
- ;forest ted - Isified 'forest H fbxest ; under
' forest iforest or ! of ! forest
% ] I '1eased [ other !
o ]
1 1 2 o003 bow 5 1 e i 2
1982 °  KR®  NR - 1640 NR NR 1640
1983 NR NR 1640  DNR NR 1640
198+  BR  NR 1640 KR KR 1610

*NE = No Record A
Source: District Statistical Abstract, West Khasi Hills 1983.

1. Opscit., Do 21,



Forest Type
 The type of the forest for the district could be classi-
fied into four types on the basis of altitudinal and climatic

~ variations. These four types for forest are:

(a) Subtropical Pine Forest,
"(b)“ﬂbist mixed deciduous forest (with sal),
(c¢) Very moist Sal bearing forest.

(¢) Reserved forest,

Map No. 5 shows the distribution of forest types in West
Khasi Hills diStirict of Heghalaya.

- Turn Over of Forest Products

As a result, the extent of degenerate and unproductive
forests"ié'very'large about 90 percent or so of the total
" forested area, The average yleld from the degraded forests is
below 8C Cu metre per hectare. On ;he otherlhand, about 90 per
cent of Govemmment managed forests are still inaccessible. All
these lead to very little earning from the forest and a para-

' dox for an otherwise forested district.

1.5 Survey of Existing Literature

~ The studies Qf 5611 have been recognised at various
levels in the world. But the number of studies devoted parti-
. cularly to Soil rating status in different ecological zones is
.not Substéntial.;Among the few studies, the foliowing studies '
.could'be revieved in brief,
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A study in relation to an ecological approach to land
capability classification has made by R.K. Gupta end T.A.
Singh.'? In their studies, they discussed about the biotic and
abiotic factors which are responsible for Soil formation and
Asoil fertility. They also discussed the influence of ‘topogra-
‘phical features like, altitude, vegetation, temperature and
rainfall on the soil fertility and soil formation. W.B. Bollen'®
has made a broad review of the soil as a biological system.

He has examined its ecological significance. R. Dayal and L.
Giri17 bave made a field study of Varanasi area in relation to
the soil moisture, pH and othér characteristics. The ecology
of soil fungi and other biotic factors of Uttar Pfadesh is

studied by R.K. Seksena,’® Nend Krishna'? end A.R. sarbhoy.2°

15. R.K. Gupta and T.A. Singh; Laboratory Studies of Phosphorus
forms and test procedures on sSoils under aerobic and anaero-
bic conditions, Geederma, Vol. 15, No.3, pp. 40-M45, 1975.

16, W.B, Bollen, The soil as a bilological system and its ecolo-
gical significance, Proceedin%§ of National Academy Science,
Section A, Vol. 37, lo. 3, 197c.

17. B, Dayal and L. Giri, Soil Fungi in Leguminous fields of
Varanasi, India, Oikos, Vol. 22, No.1, 1971. :

18, R.K. Saksena; Ecology of the Soil Fungi of Uttar Pradesh,
Proceedings of the Ngﬁiggg% Institute Sciences of Indiga,

art . 2 ,701. 3’ NO o 3' 19 70

19, Nand Krishna; Soils of th? Hima%ayan forests and their
microfungi edings lational Institute Sciences

of India, %axgﬁg,"%li' 3’3,‘1?0." oL LJostitute Sclep

20, A.K, Sarbhoy; Soils of the Sub-Himalayan tract and their
microfungi, %rogegdings of the National Institute Sciences
gf mg Qe Part B, ol. 33’ Oe 9 1 °
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Gurmel Singh,2! Bajbans Dayal and S.N. Ehola have investigated
the soil and uater loss under different slope ranging between

balf degree and one degres.

Yadav?2 has sought to estsblish the vays in which the
ﬁhysico-chemicai chéracteriéties of soils, including of the
profile are 1nf1uenced by different types of forest cover. K. K. M.
Nambiar,23 Rajbans Dayal ang Poﬂw Mishra have studied how the
soil structure improves while under different grasseb. B.1,

Sarm a2* has analysed with the aid of a large number of soil
samples -and soil profiles the phosphorus and pB s&atus of tbe
soils on the one hand and their correlation witb the plant spe-

cies of the region on the other.

. The Geographer, on the other hand, is primarily concemed
with the criteria and scheme of classification of land catego-
ries., Such studiés:are mainly at meso-levels,

'

21. G. Singh, R. Dayal and S.H Bhola, Soil and vater loss
" (run offs studies under different vegetation covers on 0.5
end 1, 0 degree slope at Kota, Jou: f Soil
‘Conservation in India, Vol. 1

22, J.5.P., Yndav; Fhysicochemical Characteristics of some .
typical sailb of Indian Forests, IThe Indian Forester,
VOl. 9‘4‘9 1\5001’ 19680

23, K.K.M, Nambiar, Dayal, Rajbans and P.R., Mishra, Study of
relative degree of improvement of Soil structure under
different grasses, Ihe_Indian Forester, Vol. 94, No,7, 1968.
24, B.M. Samma; Nitrogen, phosphorus and Potassium status of
soils under certain plang communities of Churu, Rajasthan,
The_ Indisn Forester, Vol. 94, No. 8, 1968,
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~ Among -the studies of Raychaudhury®” in relation to alf-
ferent aspects of soils is more significant. In 1%7, be stu-
died relation of soil characteristics with sSoil profiles,
Again, in 1967, he studied the ratio of soil fertility with
agricglturai 'pm&ﬁction on one hand, and the role of organic
ménufé and gi‘eén ﬁzanuriug in the maintenance of s0il fertility
a the other. In bis book "Land and $011"26 discussed the
impo»rtahce‘of“ land resource and he hes made a classification
-of- Indian soil according to its ecologieal St‘;.atus. Bamanathan27
have used profile characteristics to device on scheme and map
of land capaebility classification of the $6118 of the Amna
farn in Kdundamela (2.8.) at aicro-level. Bagehi®® and saba
have classified the land of Duarka-Brahmini Command area in
Birbhum district of HWest Bengal on the basis of soil texture.

There :ls no extensive studies on the soil in relation ”

to tbe North Eastern Hill Region of India. The Indian Council

25. 8.P. Raychaudhurys Soil Correlation, Jougnal of Soil_%gg‘
Hater ConServation in India, Vol: 14 & 1%, No. 1,2, 1907,

26, 8.P. Raychaudbury; Land and Soil, India, The Lang and
People, NET, Publication, Delhi, 1767.

27. S. Ramanathan, C.S. Balasundaram; H.H. Kbhan and K. Subra-
- menian, Profiie Characteristics and Land Capability
Classification of Soils of Anne larm Kudumiamaladi,.

' Madras, Aggicultural Joumal, Vol. 8, No.1, 1973.

28, K., Baghchi and P.K. Sgsha, Land Classification. on the basis
of texture of the scils and slope of the land in Duarka-
Brahmini Command Azea, District Birbhum, Geographical

Review of. Ind;a, Vol. 32, No. &, 1970C.




-29.

of Agricultural Research (ICAR), Hesearch Complex for N.E.
Region, Shillong, has been studying the soil of this region.:
They collect Saﬁples from different farms and analyse the :
available nutrients in the soil for agricultural purposes only.
A.R. Borah' -has discussed the problems and prospects of better
utilisation of land in the hills of North East India. R.P.M.
Bordoloi,?? has studied Jhum field and their role in soil con-
servation end Soil fertility. R.N, Prasad3® Rati Ram and Munna
Ram, have discussed about the soils of North Eastern Hill Region
and their properties, They discussed the altitudinal variation
of soil fertility.

There is no specific study on soils of the West Khasi
Hills distygict of Meghalaya.

29, R, P.M,, Bordoloi; Plant pioncers in Jhum Fleld and their
role in soil conservation and soil fertility, in 3(1)
Seminar on Shifting Cultivation, 1976, p.k.

30. RN, Prasad, Rati Ram and M. Ram; Soils of North Eastern

Hill hegion and thelr roperties Journ £
Scionce Soclety, Vol. e 39-216“'1'98'&’9'M0.
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CHAPTER - 11
DATA BASE AND METHODOLOGY

2.1 Data Base ‘
Keeping in vieg,the objectives of the study, three types
of infomation and dabta will be required for the purpose. These

ares

\1) Secondary information on general characteristics of the
populaticn, agricultural, landuse and settlement pattern
ete., for the West Khasi Hills sistrict of Meghalaya.

(2) Map based information on relief, vegetatiom, drainage,
slope and other ecological parameters for the study atea,
and ‘

' i3) Primary data, i.e. collection of field samples of Soils on

the various macro and micro ecological conditions.

In connection with item (1) i.e. regarding general cha-
racteristics of populétion, agriculture, landuse and settle-
ments, major scurce of information have peen: (1) various cen-
sus publications particularly District Census Handbook | and
Village Directory for 1971 and 1981, hpart from this source,
other secondary and tertiary sources like, the District Statis-
tical Handbook® and Data collected from the Department of

1. Government of Meghalaya, Statistical Handbook, 198%, Direc-
tor of Economics.,

2. Ibid.
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Agriculture, Government of Meghalaya and Department of Fores-
try, Government of Meghalaya have been used also. -

In the circumstances of the weaker data base of the
entire North Bastern Region, particularly information on Agri-
culture and I:an&;se eteey, which are largely gross_'estimated
figures, it remains a major 1im1tat_ion of any substantive
vork based on secondary inf’oi'mation; However, in the pres.erit
study, the uses of such informétion are only nmited to provi-
ding s genefal background to the study and therefore, it may
not hamper in any serious manner, the scope and generalisa-

- tions of the study.

In . connection with item (2), i.e., map related

" information, there are two major sources:

(a) Topographical Sheets> of both 1:63,360 and 1:50,000 Scales
of 1910 to 1911 and Subsequently revised version of 1966-67
published by Survey of India.

(b) Satellite imageries pertaining to West Khasi Hills District
of Meghalaya. The available satellite imageries in the
scale of 1 to 1 aillion or 1:1,000,000 published by National
Remote Sensing Agency, Hyderabad.

scale, 1:63,360 - 78(0/1, O/2, 0/3, O/4, O/5, O/6, O/7, O/8,

0/9, 0/10, 0/11, 0/12, 0/13).
Scale, 1:50,000 - 78(K/3, K/5, K/13, K/14, K/15, K/16).
Published by G.S.I. 1910-11 and 1966-67 (Revised).
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l_The topographic sheets provide basis, first, for a base
maphfor the entire district showing broad relief, drainage,
settlement pattern and road netvwork. It may be mentioned that
no sucb'detailed base map was available, The base maps were
prepared both at 1350,000 and a reduced scale 1 cm to 5 Km,
The batellite images were used to identify lendfacies and vege-

tation COVET.

.- In connection with item (3), i.e., primary collection -
of soil samples, it may be mentioned that about 200 sSoil sam-
ples end samples of profiles were collected through a number
of fielg trips covering nearly the entire West Khasi Hills dis-
trict. Both physical end chemical analysis of Soils, particu-
larly réiating‘tb'téxture, structure, éoléur, PE, NPK status
and -Organic Carbon vere cbtained by tﬁe-researcber by analysing
these samples at the Spil Laboratory of the concerned institu-
tion. Some additional help however, was taken.from the S04l
Analysis-Laboratdry~qf'DePartment of Agriculture,.covexnment
of Meghalaya. -

2.2 Methdology o . | o
. For the purposes of the present study, the plan of work
has been dividing into three parts: |
“(a) Haps,
(b) fnalysis of Sbil - (1) Physical and (i1) Chemical

characteristics of soil, and
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| (c) S04l Rating Index and Soil Classification and
mapping.

(2) HMaps _
Maps are the tools of Geographers. It is with the help

of maps and diagrams that many complicated landforms may be - -
explained in a simplified manner,

Keeping the objectives of the present study in viey,

the follovwinz maps wers prepareds -

(i) Relief map,.

(2) Végeiatian mép,

(3) Drainage map,

() Slope map,

(5) Geologlcal map, and |
| (6) Map of the Major Ecological Zones of the district.

It is to be mentioned that a soil is the unique result
' of the interrelated factors: like-relief, vegetaticn, geology
"~ or parent rock materials, drailnage, slope etc. Therefore, it
.is necessary to make a good estimate of the topographic maps

- for soil classification.

2.2.1 Relief
The term relief indicates the variation in the nature
of the land surface or in other words, the lie of the land. It
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shous the broad features and relative heights of highlands
and lowlands which are portrayed by such tem as hills, knolls,
spurs and valleys etc,

Methods of Representation
The gifferent methods employed to represent elevation

and relief can be grouped under there heads:

(1) pictorial,
(i1) Mothematical, and

(111) Combination of the previocus two.

Among the three methods, 'Contours®' Method of Mathema-
tical method is the standard method of representing relief.

Contours Method

Contouring is the standard method of representing
relief. Contours are imaginery lines of the ground joining
adjacent places at the same height above sea levels.

- Construction of Heliefliap

Contours ’of an interval of 150 metres have been traced
43from the topographical sheets of West Khasi Hills district of
Meghalaya. Both 1363,360 and 1:50,000 Scales were used. By
taking‘coﬁtcur,ynterval of 150 metyes, the average rellef map
- was prepared. Aftér'tbe.preparation’of relief map, the map ..,
was reduced to a scale of 1cm to § Kms{
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2.2.2 Vegetation Map

| Vegetation map shows the overall distribution of vege-
tation in a particular area of the earth surface. The impor-
tance of vegetation mep is to correlate the nature of vegeta-
tion with the type of climate prevailing there. It has to study,
for example bhere the pine forests are found much, whether it
is on the slopes of the hills, on highlands or in the river
valley. .

Considering the above criteria, an attempt has made to
prepare the vegetation mep of West Khasi Hills district.

Breparation of Vegetation nap

The interpretation of vegetation map has been done with
the help of topographic. sheets and lendsat imageries of West
Khasi Hllls district. Both 1:63,360 and 1:50,000 scales were
used. In case of landsat images 1 to 1 million photographs have
been used. Both coloured and black and white landsat imageries
vere used. With ﬁhe help of Stereoscope and magnifying lenses,
it was possible to identify the vegetation cover of the dis-
trict. | o o ’

~On the basis of altitude and climatic variations, the
forest types of the district could be classified into four

forest types. These ars:

(1) Sub-tropical high altitude Pine Forest
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(i1) Moist mixed deciduous forest (with sal),
(iii) Very humid Sal bearing forest, and

(iv) Reserved forests.

2.2.3 Drainage map

Drainage map i8 important not only for the sake of con-
venience trace out important rivers and their tributaries but
their impact on social 1ife also. Drainage conditions are
nacessary in both soil descriptions and definitions. Drainage,
primarily relates to the soil, water and its effect on the pro-
file devalopment through weathering and erosion and procducing
their soil cover on steep slopes and deposition of soil material
down. The dirxection, intensity, frequency and distribution of
drainage influences the course of soil formation,

Preparation of drainage map

For the preparation of drainage map of West Khasi Hills
distyict, both 1:63,360 and 1:50,000 scales of topographic
sheets vers used. The major drainage and thelr tributaries were
used. The major drainage and their trivutaries were traced and
reduced the map to a scale of 1 cm to 5 Kas,

2.2.% Slope Yap

The anazlysis of the gradient of slope in a regibn makes
landform classification easier. 3ut in any area the gradient
of slope is seldom wniform. Its irregulaxrities are apparent
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from thbe contour maps. Therefore, it is necessary to calcu-

late thejaierage Slope of a region.

In defining Soil classificational units, soil slope is
'given special attention, As with other important soil charae;
teristices, the relative significance of differences in slope

depends~npoh the other characteristics of the soil.

.There are several methods of average s8lope determina-
tion of which Wentworth's method S a 'general and randam'
methogd and is easier to follow. The formula of Wentworth's
method 1s given belows

-1 _Hx1X
Where, 'N' i3 the average nuaber of crossings of
contours per mile,

“*Iv is the contour interval,

‘0" is the average angle of slope and

3,361 is constant number.

Construction of slope map

Taking cne inch equal to one mile, the topographic
.Sheets were dividea into a number of small squares., To deter-
mine the average angle of Slopes for every square had to cal-

culate their angles in degrees. The calculated angles were
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plotted in their respective squares and a choropleth map has
drawvn to depict the variations in the angles of slope over
the different parts of the district. The slope classification
has dene in the following manner:

(a) Not avallable (HA) category: There are some areas where
contours are not available. It is not because of the lowlying
area but wmight be other reason which was not mentloned in the
‘topographic sheets. |

(b) Below 10° slope
(¢) 10° - 15° slope
(@) 15° - 25° siope
(e) 25° « u0® slope

(£) 10° ang sbove.

2.2.9 Geological Map

A geological map shows the geographical distribution of
different rock formations or strata at the ground surface. Its
interpretation leads to an understanding of the lithology and
structure of the underlying rocks which, in turn, bhelps in the

study of the evoluticn of landforms in a particular area.

Zhe development and fomation of Soil depends upon the
“parent rock materials, The parent material refers to the uncon-
‘solidated mass frow which the solum gevelopS. Itiincludes the
C-horizon and other malerials above the C from which the solum
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developed., In many soils the solum is underlain with an uncon-
solidated nonccnformihg geological stratum, Such geological
strata have an influence on the genesis and behaviour of the
séil.

Preparation of Geological Map

The Geological surveyy of India has prepared the geolo-
gical and mineral map of lMeghalaya. The scale of the'map Qas
125,000,000 or 1 ca to 5 Kms. The district geological map of
West Khasi iHdlls distric? has been traced and it had to enlarge

(for district map) to a scale of 1 em to § Kms,

203 Soil Sampling
"The analysis can be no better than the sample”. 5

The sampling of Soils is a challenging problem, worthy
of detailed consideration. The general problem of soil sampling
has been summarized by the Association of Official Agricultu-

ral Chemistéa’as follouss

'In view of the variability of solls, it
seems impossible to devise of the proccdure
should be determined by the purpose or
vhich the sample is taken,.,' -

W, G.5.I., Geolosical gnd Mineral Map of Meshalaya,
Scale; 1:9,00,000 or 1 cm to 5 Kms, 1977.

5. M.L. Jackson, Soil Chemical Analysis, Second Indian Reprint,
pPp. 10=11, 197 . ,

6. Ibid.
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The sbove passage brings into focus the twin prbblems
of soil varisbility (sampling "all out-of-doors") zmd the
~ divergency of types ef analyses to be performed on samples.
Soil sampling includes taking the soil material so as to take.
into\account the variebility of soil, handiing and processing
the samples £or actual snalytical determination.

Method

| . ‘The mothod which is applied for sampling for this study
is known as Composite Soil Sempling Method.’ It gives a mean
analytical value representative of the soil sampling volume
from which the composite sample was dravn, using this method,
the top soil from different landfacets with a depth of 6-9

inches have bsen collected from each horizons,

Sampling tools |
The tools, vhich are used for collection are - a hand
pick and soil suger, Spade, paper bags, screu auger etc.

2.4 Analysis of Soil
According to the soil characteristics, the analysis part
can be divided into two d.e.,

. (1) Physical, anad
(44) Chemical Analysis of Soil.

7. M.L. Jockson, Op,eite, ppPe 12=-13.
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2.%.1 Determination of physical characteristics of soil

" "Before going into a discussion on the method of deter-
mination of physical characteristics of soil, it is important
to discuss the significance of the physical characteristics.

- The soil is a complex mechanical systen ccnsisting of
three physical states., These three physical states are solig,
liquid and gaseous. The bulk of the solid phase, occuples
approximately fifty percent of the total volume of soil. It
consists of primarily of the mineral materizsls and organic
matter. The rest of the volume makes up for the pore space
being occupied by liquid and gaseous substances. Thus, the pro-
portion of tbe‘four*major components of soil - inorganic parti-
cles, organic particles, water and air - vary greatly in diffe-
rent kinds of soil and from place to place and also with dif-
ference in the depth of the soil.

'k//) ?he'physical‘properties of s0il depend on the amount,
size, shape, arrangement and mineral composition of its parti-
cles. zhe kind and emount of organic matter and the volume and
form of its pores are relatg@ to its physical propertiesQ The
particle sizes of the solid material is extremely important in
the process of cation exchange i.e. leading to cireulation of
nutrients in the soil. Therefore, this colloidal properties is
damportant in texture determination of the scil. In this study,
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some important physical properties of soil like - Texture,

Colour and structure have been analysed.

2.,4,2 Mechanieal Analysis and soil texture

The éineral component constitutes the largest volume
of sSoil mass end play® a vital role in determining most of
the pbysical pcherties of soil. This mineral component con-
sists of particles of various sizes. According to the sizes,
the éoil particléé are grouped into gravels, sands, silts and
clay which are termed as soil ‘'separate' or 'fractions', The
proportionate compeéition of varicus separates in soil, |
defineé the scil texture which can be determined by mechanical
analysis of the;sampled | |

Soil texture

-The sopil texture refers to the relative percentage of
sand, silt, and clay belov 2 millimetre in diameter in a solid
state. Natural field Soils are alvays mixtures of soil sepa-
rates. The relative percentage~of the various soil separgtes
in the field soil are almost infinite in possibvle combinations.
It is, therefore, necessary to establish 1imits of various
‘sizes. among the soil separates So as to group them into textual

classes, such as sangdy, silty loamy and clayey etc.

The 14st shous the more common textural classes in order

.of increasing fineness,
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1.8&@8 _

2. Loamy sands

3. Sandy loams

L, Loam

5. Si1t loam

6. 8ilt

7. dendy clay loam
8. Clay loam

9. Silty clay loam
10. Sandy clay

11. 8ilty cla&

12. Clay

- To determine the textural name of a soil, an eguilate=-
ral triangle can be used. This triangle is knoun as the
"Textural triangle' (Fig No.2). The three sides of the triangle
can be used to represent a three co-ordinate system represen-
ting the percentage of all the three size classes of particles
in the sample, i.e. sand, silt and clay, by graduating each
side from origin, gero to minimum hundred and thereby determi-
:ning a Single point inside the triangle rcpreaenting values of
_ all the three aRtributes. The U,8. Departument of Agriculture

scale has used for measuring the soil texture,

‘Materials and Methods
There are two methods to determine the percentage of

various particle sizes in soil. The International scale
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(International Society of udeience) and the U.s5.D.A. Scale
(U. 5. Department of Agriculture).

The table No. 2.1 shows the size grades of mineral

material.
Table Mo, 2,1

Fraction ' International ' U. 3.D.A.

E M ; un i, 4] 5 um
Coarse 3and Cs 2.2-0,2 = 2000-200 2,0-0.2  2000-200
Fine sSand Fs 0.2-0.02 200-20 0.2-0.05 200-50
Silt 2 0.02=0,002 20-2 0.05-0,002 50-2
Cley C < 0.002 <2 < 0,002 L2

Source: Smith, H.T. and atkinson, K. Technigues in Pedology,
a hancmook for env.c.mnmental and resource stugdies,
Londen, 1975.

There are tvo methods for determining the mechanical
analysis of spil. One is called Pipette Method and the other
Hydrometer HMethod, But, for accurate work, the Pipette method
is employed, This method is based on the utock?'s Law.8 For this

study, the Pipette method has been used.

8. steck's Low:s "Stock's (1851) suggested the relationship
betueen the radius of & spherical particle ang its reste of
fall in a liquid. He stated that resistance offered by the
liquid to the fall of the particle varied with the radius
of the sphere and nol with the surface." The formula is
given beloy -

vV = Qgrggdp-dz
Sn

Where, V = Velocity in Ca/uecond.
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Procedure (Sgnd, Silt and Clay separation)

| 20gm of air-dry fine earth ( 2um diameter) is trans-
ferred to a 1000ml bezker. 60ml of 6% (20 volumes) H,0, 1s
added and mized well end allowed to react for 5 minutes. After
15 minutes, the beaker isg immersed into the Hot Hater bath for
5 minutes. S¥irring was continued to avoid frothing over. To
remove, a fuxther 35 ml of 8202 is added and after a éinute,
| the beaker is replaced on top of the Hot Water bath for 10
minutes and then immersed again for 5 minutes, The solution is
diluted to about 150 ml and brought to boil on a burner.

Acid t;reatéent

1. After cooling the beaker, 25 ml of 2NHC1l is added.

2. The sample is diluted to approximately 250 ml and
allowved to react for an hour, rubbing at 15 minutes
intervals,

3. After an hour, the solution is filtered through a
Buchner funnel using hardened filter pagper (11 Cm
Whatman No. 44),

L, After the washing was complete, the filter paper was
spreaded out and transferred the material to the
1600 ml cylinder. |

= geceeleration due to gravity.
density of the particle.

density of the liquid.

gbsolute viscosity of the liguid.

5 08 m
]
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Dispersion (8ilt and Clay separation) |

‘The volume was made up after rendering it alkaline to
phenolphthalein, with 10 @l of N/1 NaOH solution. After
‘shaking (on a shaker), the.suspension ves allowed to Stand
fo:'ovérhight. | -

Separatiocn of Silt, Clay and Sand

Using the table for time of sedimentation for the clay
and s$ilt fractions, calculation was made for silt and clay.
But for sand again the decantation method is applied.

2.4.3 80il Colour

‘S04l colour is the most obvicus and easily determined
of soil characteristics. It is an easily observable characte-
ristic and is an important criterion in description and classi-
fication of soils. It could be named in many soil groups after
prominent soil colours such as Black soils, Red-Yellow Latosols,

etc.

.The»content of organic matter in soil is namely respon-
sible for soil colour. Generally, in temperate.climate dark
coloured soils are relatively higher in organic matter than
light coloured soils. The surface borizon of soil is commonly
darkest due to the presence of organic matter, Red colour is '’

. assoclated with,ﬁnbydrated.ferricﬁoxides, whereas yellow colour
' indicates some degree of hydrstion.
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Determination of Soil Colour

The soil colours are most conveniently measured by
comparison with standard Colour Charts. 1he "Munsell“g soil
Color Chart was used for this purpose. Ihe colour of soil is
the result of the light reflected from the soil and it depends
upon the combination of three simple variables of Colours
namely - "Hue", "Value", and "Chroma". "Hue" is the dominant
spectral colour. "Value" is the brilliance or total quality
of light. "Chyoma® is the relative purity or saturation of
the dominant Spectral Colour,

To determine the soil colour, the Munsell Soil Color
Charts has been used and various types of colours have been

identified for the samples.

2.4b.4. Soil Structure

fhe prﬂmar& 80il particles - Sand, Silt and Clay -
usually occur in the form of aggregates. The arrangement of
these individual particles and their aggregates into certain
defined pattemns is called structurs. Structure is best studied
in the field under natural conditions and it is described under

three categoyies:

9. "Munsell Soil Color Chats", Munsell Color Company Inc.
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(1) Type - Shape or fom and arrangement pattem peds.
(1) Class - &ize of peds.
(ii1) Grade - Degree of distinctness of peds.

(1) Types of Structure
There are four principal geometric forms of Soil struc-
tures

(a) Plate-like
- (b) Prism-1ike
(¢) Block-like,
(d) Sphere-like spheroidal.

(1i1) Classes of Structure
Bach primary structural type of soil is differentiated
into five size-classes depending upon the size of the indivi-

dual peds. The term commonly used for the size classes are:

{41) Very fine or very thin,
(11) Fine or thin,
. (411) Medium
(iv) Coarse or thick.
(v) Very coarse or very thick.

(1314) CGrades of Structure ,
‘Grade indicates the degree of distinctness of the indi-
vidual peds. It is determined by noting the stability of the
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aggregates and the ease with which they separate from other -
peds. Grade of structure is influenced by the moisture con-

tent of the soil. Under moist conditions the soil structure

is usually not very distinct. Four terms commonly usSed to

describe the grade of soil structure are:

(a) Structureless
(b) Weak

(c) Moderate

(4) Strong

Inportance of Soil Structure

Structure is very important in plant growth relation-
éhips, because it influences the amount and nature of porosity
and regulates the moisture-air regime in the So0il. Platy struc-
ture normally hinders free dralnage. Some structures are mecha- ‘
nically stable and strong but when they absorbd mbiéture and

are vet, they become soft and lose their Shape and size.

Structure is one of the soil properties which i3 easily
lizble to cﬁanges under different management practices such as
ploughiné, draining, liming, fertilising and maznuring. Addition
of organic matter and its proper decomposition are important

for building up and maintenance of soil structure.

Table No, 2.2 shows hovw to determine scil structure.
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Table No, 2.2

Saazples §Gradey .E Class 'j Type Structural Name -
A - Strong Fine - Gramular Strong fine grghue-
, 7 lar -
B - Moderate ' Very Granular NModerate very coarse
- coarse - granular

Using this above table, 90il structure for the district
has been determined.

2.5.7 Chemical Characteristics of Soil

| The chemical analysis have become an integral part of
soil classification. It helps to study the gvailable nutrients
in the 301139.t36 leaching process and Soil genesis. The growth
of a plan is directly dependent upon soil nutrients ang its
formations. dherefore, one should study the chemical composi-
tion 6f soil for bettey understandiné of so0idl classification

and genesis,

Soils are chemically a heterogeneous medium: It is more
important to messure a particular fraction of an element in the
soll than to know its total concentration. Therefore, the most
essential elements like, Mitrogen, Phosphorus, Potassium and
Organic Carbon are sSelected for this study. Soil reaction or pH
is also taken to be an overall indication of chemical status
of a soil.
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2.5.1 Nitrogen in the Soil
‘Hitrogen = essential link in protein®.

Among the various plant nutrients, nitrogen probably’
has been subjected to the greatest amount of study and still
receives mach attention, The amount in the soil is small,
vhile the quantity withdrawn annually by crops is comparativély
large. Sometimes the soil nitrogen is too readily soluble and
1s lost in drainage, at other times, 1t suffers volatiliza-
tion; at still other times it is definitely unavailable to
higher plants.

Forms of Soil Nitrogen
There are three major forms of Nitrogen iﬁ‘ﬁiueral

Soils:

-~ (a) Organic nitrogen associated with the soil humus,
(v) Ammonium nitrogen fixed by certain clay minerals,and
(c) 8oluble inorganic zmmonium and nitrate compounds.

‘Most of the nitrogen in soils,isﬂassociated with the
-organic matter. Relatively small amounts ordinarily occur in

ammonium and nitrates, the available forms,

There are tuo types of analytical procedures, which are

videly used —the Klgldahl Conversion of Hitrozen to (N, ),80,,
and the Dggas Conversion to nitrogen ges. The Xjeldahl method
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is employed in macro, micro and ultramiero procedures, For
the estimaticn of total mitrogen in soil the Kjeldahl diges-
tion distillation methog10 has been followed.

Determination of availzble Ritrogen in soil

| | For each sample, 10.0 g of sieved ( < 0.2mm) soil vas
taken in a 300 ml Kjeldshl dlgestion flask. 20 g of Nay, 80,
plus catalyst digestion mixture were then added;_35m1 of
conc. H,S0), was added and the digestion was dome on the Kjel-
dahl digestion rack till the Jolution was cleared. 200 ml dis-
t;ilied vater was added to the cocled solution and mixed care-
fully. The solution was then ready for the determination'of
amoonia content by distillation, The ammonia was distilled in
boric acid which was then blank titrated with HN/14 ECL,

Calculation
.*« % of Nitrogen = T x dilution factor x N 1g

Where, T = Sample titration, ml standard acid,
N

1l

Normality of standard acid,

S = Sample vwedght, and

1.4+ is a constant factor.

' 2.5.2 Available Phosphozus in Soils
Phosphorus rarely comprises more than 0.1% of the soil
and only a Small amount of plant available inorganic orthophos-

‘10o M.Lo Jackscn; 02‘00}3‘_‘09 Do 18391930
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phate ion is present at any time. The bulk of phosphorus is
usually unavaeilable. It is fixed either es Ca - phosphate at
high pH or Allumium and Iron phosphates at low pH. Measure-
ment of total phospborus is, therefore, of limited value in
determining phosphorus availability except that low concentra-
tion usually indicates deficiency.

Determination of available phosphorus in soil using Bray's
Method No.q1 (For Acid So0il)

Resggents
(1) Bray's extractant No.1.
(2) Molybdate solution.
. (3) Stennous Chloride Stock Solution (&nC1,2H.0).

(1) Working solution for $nC1,2H,0.

Procedure

4 g of sieved (<0.2 mn) soil was taken in 250 ml coni-
| cél flask to which 1% ml of Bray's extraction solution was
added and stired for 15 minutes with the help of magnetic
stirrer. The solution was filtered through Yhatman Ho. L4k
filter paper. 2ml of the filtrate was taken in a testtube
diluted with § ml distilled water and 1 ml of ammonium mblyb-
date and 1 ml of stanncus chloride solution vere added. The
test tube was shaken for 10 minutes, After 2C minutes optical
density vas determined at 66C mm using Bray's extract from
the control (wvithout soil) as the blank.
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Calculation

7 _ _C(mz) x solution Volume (ml)
% Phosphorus = — g e e e ol weiehE TE)

Winere, C = mg FPhosphorus obtained from the
Standard Curve

To convert P to P2°5 the above figure was multiplied
by 2.29. |

Table No., 2.3 shows the Guide to phosphete status in
soil.

Table lo. 2.3

ng P395/100 gm soil

pt @ !

Phosphate Status

Very léw 0 - 1.k

Low 1.5- 3.0
Mediun 3.1= 6.0
Medivm High 6.1-10.0
High . 10.1-20.0
Very High - >20.1

Source: Figures from Gilchrist - shirlaw (1967)

2.9.3 Available Potassium in Soil
Fization of Potassium

~ Ihere is some mechanism in the spil that fixzes availasble
Potassiun in a form which is not available to plants. The fac-

tors influencing the amount of potassium fixation are:

1
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1. The kind of clay minerals present. Kaolinite does not
appear to fix potgssium, wvhile large quantities are fixed
by montm0§illonite°'

2. The relative amount of exchangeable K. IThe greater the
percentage of exchangeable K in relation to the total
exchange cavacity, the greater the K fixation,

3., Wetting and drying of the Soil. Soils that are wetted and
dried fix large amounts of exchangeable potassium, One
explanaticn for this mechanism is that K-ions move inside
the clay-crystal lattice, when it is wet and expanded, and
upon drying, the lons are trapped inside.

4, The presence of organic matter.

Determination of exchangesble 'K' in soil
The exchangeadble 'K' has determined by Flame photometer
method using ammonium acetate extraction solution as outlined

by Jackson (1973).

Reagents
(a) Homal Neutral Ammonium acetate solution.
.<b) standard Potassium sSolution, |
(c) Working Solutions.

-Procegure
58 of eir-dry soil ( < 0.2um) is transferred to a 500 ml
- conical flask and 25 ml of ammonium acetate extraction solution

(pH 7) is added stirred for 1 hour vwith the help of mechanical
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shaker. The solution is filtered through Whatman No. L4 filter
paper. 2ml of the filtrate is diluted with 10 ml of distilled
water and read in Flame FPhotometer, |

Calculation
K = "-Cgmg@\) x_Solution Volume (ml)
- 10 x Sample. welght (g)
Where, C = mg/L of 'K' obtained from Standard Curve.

.. To convert 'K*? to 3&20 the above f’igure vas multiplied
by 1.20. '

‘Table No. 2.4 shmas the figures from Gilchrist-Shirlaw
(1%7) for Potash status.

Table No, 2.4

Potash 3tatus E mg K20/1(30gm soil
Very low G- 6 |
Low 6 - 10

Medium | 10 - 18

Medium High S 18- 28

High . 8-3

Very High - >39%
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2.5 5% Available Organic Carbon in Soil
"Organic matter ... a distinction of soil from rock."11

Carbon cécurs in soils in four forms of mineral and

brganic matter:

1. Carbonate mineral forms, chiefly CaC03 znd MgCO3,

2., Highly condensed, nearly elemental organic Carbon
(Charcoal, grephite, coal),

3. Altered and rather resistant organic residues of
plants, animals and micro-organisms, Sometimes
termed Yhumus" or "humate"'", and

L, Littlé altered erganic residues of plants and
gnimals, and living and dead micro-organisms, subject

to rather rapid decomposition in soils.,

‘The total carbon of soils obviously includes all 4 forms
| of carbon, The organic carbon includes the three forms except
the first one, Here, the total organic carbon in soil has been
determined by the Walkly and Black's (1934) rapid titration
method.

Detormination of Organic Carbon by Walkly and Black's (1934)
 Method
Reagents
(i) Potassium Dichromate (N/1) Solution: 49.04 g of
KQCa207 are dissolved 1in water and diluted to 1
litre.

11, M,L. Jackson, Op.cit., =p. 205,




| (11) Ferrous Ammonium Sulphate (N/é) Solution: 392 g of
| A.R. Grade Fe(NH, ), (50,), 6H,0 in 800 @l vater
vith 15 ml conc. 2’12‘:“.0“ and diluting to 2 litre of
water,
(411) Diphenyiamine indicator: 0.5 g dirhenylamine is
dissolved in 20 mi of water and 100 ml conc. H,80,.
(iv) Phosphoric Acid (213?01*, 85%).
(v) Conc. H,S0, not less than 96%.

Procedure
Air-dry 80il is ground to pass a 100-mesh sieve. About
1g 1s trensferred to a 500 ul conical flask. 10 ml §/1 K.Cay0,
4s added, followed by 20 ml 965 H,50,. The flask is svirled
- gently for about a minute ensuring thal no soil escapes contact
with the reagents. The flask is then allowed o stand for 20-30
- minutes on 2 heat proof surface. The Solution is diluted with
200 ml distilled water and 10 ml 85% Orthophosphoric acid
(H3P04”)>. To this mixture is added 0.2’ g solid NaF and 1 ml
diphenylarﬁine indicator. This dis then. titrated against the
standard ferrous solution (in buretts). Initiélly, a dull green
Chromous Colour is observed; this will turn blue, while the
” end point (quite sharp) is a bluish green. A blank titration
| 'is run using the Same procedure but without adding soil. This
standardises the férrous .solution against tl;e chromic acid.



2.5.5 Soil pH

The importance of soil pH for the classification of

soil has already been described in the earlier chapter. Here,

an attempt has been made to group the soil samples for deter-

mining the sodl pH., The following table No. 2,9 shows the

corresponding terms to use for range in pH.

Inble Nos 2.5

¢

Acidic Group { pH Alkaline group j pH

Extremely aeid Below L.5 Neutrall 6.6 = 7.3

Very strongly acid 4.5 - 5.0 Mildly alkaline 7.4 = 7.8

Strongly écid 5.1 = 59 P!bderately alka- 7.9 = 8l
line

Medium acid 56 = 6.0 Strongly alkaline 8.5 - 9.0

Slightly acid 6.1 = 6.5 Very strongly 9.1 & above

alkaline

1. Strict neutrality 4s pH 7.0,

Determination cof Soil pli by pB Meter iethod
10g of alr dried soil hes taken in a 250 ml beaker and

added 25ml of distilled vater. After shaking of 30 minutes read-

ing is taken from pH meter. Before this, the pH meter is adjus-
ted by using buffer of pi 4 and pH 9.2 (Tablets to be dissolved

for respective buffers), In the soil suspension, botb the

electrodes have been deopened and soil pH reading has been
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taken using G to 7 or 7 to 14 pH scale of the pH meter. Care
has to be taken to keep the pH meter in zero position while
changing the soil samples.

Calculation
The average of three readings have been taken for pH
value of soil.

2.6 Sdﬂ_Rating Index

B There are two standard methods to prepare Soil Rating
Index. The Storie Multiplication System (195%) and the Clarke

- Index (1951).

2.6.1 The Evaluation of Land according to the Storie Index

The incex for rating soil which has been developed by |
Storie (195%) has been widély used in North Americé and else-
- where, The Storie Index is a numerical rating of the degree to
which a particular soil has physical, chemical and biological
properties suitable for the gmu’th.of crops. It is basically
an index vhich reflects the soils potential utilization and
”prommt.ive capacity. '

5 Three p’rincipa_l factors are considered in computing the
storie Index of & soil unit. These are:

(a) The characteristics of the profile as reflected in
texture, structure and inherent fertility (i.e.
depth and colour),
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(b) Topography, and

(¢) Other modifying factors like, climate, salinity/
alkalinity, degree of stoniness and susceptibility
%o erosion. Esch of these three factors (a, b and ¢)
4S8 rated on the basis of 100 points for the most

favourable or ideal conditions,

2;6.2 Soil Rating aceording to the Clarke Index

Clarke Index is suitzble for evaluating soil quality in
the field. This points system gives a numerical rating to a
soil profile on the basis of the physical characteristics of
texture, dopth and drainage status.

Clarke's Index is defined as:

Profile Value = texture value (V) x drainage factor (G)
Where, texture value (V) = Depth (D) z texture rating (T)

The tezture rating (T) 48 derived from the field textu-
ral designation. -

The attraction of the Clarke Index 1lies in the fact
that only three fundémental physical properties are used. Each
of thesce can be determined relatively easily in the field. It
is an index vwhich lends itself particulariy well to correlation
and regression snalysis in relation to figures for crop yields.
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2.6.3 In this study, rating index bas been prepared by using
Storie Hultipliication Index of soil rating. Since, the study
deals with tuelve variables which could be rated only by this
method. Moreovef, the Storie Multiplication System is not a
rigid system vhich is applied directl& and unchanged to any
area. Depending on the soil and climatic conditions of the
region under study, it vas necessary to rearrange some factors
and to add others in oider that a more accurate‘expression of

prevailing environmental conditions is reflected in the rating.

There are twelve variables have been taken into consi-
deration representing three major groups. These three major
groups and their conversion scale from qualitative attributes

to quantitative figures have bheen shouwn in the following ways:

2.6.3.1 Group A: Physical Characteristics
(1) Texture: This factor has a maximum rating of 100
points, .

Textural Name 100 Points
(Soil Class) '
(1) Band 10 = 20

- (14) Loamy Sand 1% - 25
(ii1) Sandy loem 30 - 35
(iv) Loam L0 - 60
(v) 5ilt Loam 50 - 70

(vi) 581t 45 - 69
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Textural Name

(Soil Class) | - 100 Points
(vii)  Sendy Clay Loam 60 - 80
(viii) Clay Loam | 65 - 89
(ix) .= &1ty Clay Loam 50 - 70
(x) Sandy Clay 30 = 40
(x1) Silty Clay 50 = 60
(z41) Clay | 3% - 55

(2) structure: It has a maximum rating of 10 points

scale,
Grade | | 10 Points
(1) Structureless &k
(i1) Weak 6
(1i4)  Hoderate _ 9
7

(iv) Strong

(3) Colcur: The maximum rating point is 2.5

Colours ' 2.5 Points
(i) Black to Grey 1.5 to 2.5
(11) Light, White & Grey 1.25 to 1.75
(1i4) Red, Brown Yellow 1.0 to 1.5
(iv) Brown Colour 1.9 to 2.0

2.6.3.2 Group B: Chemical Characteristics of Soil
(1) pH Value: Though the pH itself is a quantitative
va;ue but for our convenience the values vere convérted into a

10 points scale on the basis of its capacity of cation exchange.
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pH 10 points
(1) Extremely acid Belou 4.5 1
(1) Very strongly acid 4.5 = 5.0 2
(111) Strongly acid 5.1 =5.5 3
(iv) Medium acid 5.6 = 6.0 5
(v) Slightly acid - 6.1 = 6.9 7
(vi) Heutral , 65 = 7.5 9
" (vii) Sligntly alkaline 7.6 = 8,0 | 7
(viii) Medium alkaline 8.1 = 8.5 ]
(ix) Strongly alkaline 8.6 - 9,0 3

2.6.3.3 Group C: 3ite Characteristics
(1) Type of Vegetation: The type of vegetation has a
maximum rating of 100 points.

Type of Vegetation 100 Points
(1) Barren 10

(1i9 Wild gress : 10 - 20
(144) Grasses & Shyubs 1% - 25
(iv) Mixed Forest & &Shrubs 30 - 40
(v) Temperate vegetation mainly pine 20 - 30
(vi) Hixzed decideous forests | 50 - 70
(vii) Cultivated fields 50 - 70

- (viii) Marshy uncultivated fields 5 - 39
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(2) Topography: The maximum rating point is 100 points

scale.
Topog raphy 100 Points

(1) Flate to depression 10 - 80
(i1) Gently undulating 20 -100
(i41) Moderately undulating 80 - 90
(iv) Very gently rolling 70 - 80
(v) Gently rolling 60 - 70
(vi) Strongly undulating . 40 - 60
(vii) Moderately rolling 40 - 60
(viii) Strongly rolling | 30 - 40
(ix) Hilly 20 - 30
(x) Steep slopes 10

Teking the data from twelve variables (from three
group3 A, B and C) one faces the problem of devising a method
of éombining all the variables into a single index so as to
make coupariscn of the indices indicating the differcnt types
of soils.

To sSolve the above problem, the Principal Component
Analysis by M. Kendall has veen used. The details of Kendall's
method has peen described in Appendix I.
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CHAPTER - III

IDENTIFICATION OF ECOLOGICAL ZONES
' AND_LANDFACBTS

3.1 Intyoguction
The term "Ecology" is used in this chapter in a 8pecific

' manner, without distorting its actual meaning. Literally,
'ecology'1 is the study of the earth's 'househol‘ds' including
the plants, animals, micro-organisms, and people that live toge-
ther as independent components. Icology is concerned not only
vith organisms but with energy flows and material cycles on the
lands, in the oceazns and in the air. In this study, "Ecology
Zone" means the ‘'spatial' distribution and significance of |
various ecological factors, like - topography, slope, vegeta-
tion, drainage climate etc., which are responsible directly or
indirectly for soil formation and its physical and chemical pro-

perties.

3.2 Interaction of Ecological Factors

The effects of the soil environment mostly depends on
the interaction of ecological factors. Under natural conditicns,
at the same time, the characteristics of soil is affected with
variations in ecological factors. All the fsctors are inter-

1. E.P. Odum: "Ecology" Second Edi tion, 1975,
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related. For instance, increase in deforestation would result
80il erosion and soil degradation, a specific type of vegeta-
‘tion would result in a specific type of humus formation, which
in turn is guigded by specific climate etc.

3.3 Identificatiqn of Major Ecological Zones

The West Khasi Hills district is a large area and it is
not easy to make a field survey in each and every comer of the
district. ‘Iherei‘oz'e, the district 1s divided mto ten major
" ecological zZones (as has been shown in Map No, 9). The following
criteria have been used for demarcation of these ecological

aones s -

(aj Relief,
(b) Slope,
(c) Vegetation,
" (@) Drainage, and
(e) Climate.

' ,It is true t.hat all tne criteria are not equally signi-
- ficant 1n the demamation of the ecological zones but to scme

_,e;r:tent,, they are responsible for creation of homogeneous condi-
tions v}ithin the ecological zones and differentiates vith adja-

cent ecological zones/regions.
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3.4 Justifications of criteria used for demarcation of
Ecological Zones

The justification of various criteria used for demarca-
tion of ecological zones in the district, could be Stated as
in the following menner:

3.4.1. Reldef

| ' The topography of the West Khasi Hills district is very
rugged. It is full of high hill ranges, plateaus and valleys.
The aititude and the direction of mountain chains and valleys
clearly show three physiographic divisions in the district.
These divisions are - the Central Highland, the Southem &Slopes
and the Northern Slopes. Map No. & shows the average relief map
of the district. |

‘The variation of altitude varies from é00 metres to
1800 métras and above. The second highest pesak of Meghealaya,
"Thadraishan® (1893 m) 4s located in betueen Mairang and Nong-
stoin. The hill range of Central liighland plateau climbs gown
gradually to meet the hills of Garo Hills at elevations ranging
from 1200 metres to 600 metres at various places. In the Central
‘Highland, there are many hill ranges and plateaus having diffe-
- rent topegraphical charaeters. It could be cited in the exa?n-
ples of Sohiong and Nongshillong valleys etc. Both the valleys
having same types of hillocks and valleys with different
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elevations, The directions of the mountain chains and plateady
are not homogeneous. MMost of the hill ranges and plateaux’ are
lying in north-east to south-west direction, in case of south-
emn part of the district. In the Northemn Slopes, the direction
of hill ranges and plateaux are in the east-vest direction.u
This, alsc. is true in case of Central Highland plateau.

3 L 2 Slope
The slopes of the high mountains and plateaux play a

vitalktole for demarcation of ecological zones in the district.
Due to the rugged terrain, the wvariation of slopes in the hill

ranges and plateaux are significant. In the northemn slopes of
the district, slopes vary from 25° to uo°. About 70'§ercen£ bf
the area of this northem slope having éyerage Slope of 40° and
more. In the southern slopes, there aré steep slopes ranging
from 30° to 40°, The steepness is very high due to.the-Dawki
fault line, which :disected the district from the Bengladesh

plains,

_ It s estimated thot more than 50 pexcent area of the
‘district has 25° to uo° slopes, This could be easily estimated
from the siope map of West Khasi Hills district of Meghalaya.

Map No. 2 shows the average slope of West Khasi Hills:
district of Meghalaya.
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In the valleys and flat areas, silt deposition is com-
mon in this district due to the degradation of steep slopes

and crests,

3.4,3 Vegetaticn

The rogional variation of natural vegetation is signifi-
cant in the district. The available natural vegetation, varies
from sub-tropical to te@perate vegetation in the district,
. .according to the altitudinal regions and climatic zones. Tropi-
| cal vegetation is found generally upto an elevation of 600C
metres, upto 1200 metres, Sub-tropical forests ana above 1200
metres temperate forests and grasslands are found. In case of
some regions, the variation of vegetation is not related to its
altitude. Generally, evergreen forests are growing in low
altitude and it is also found in vast areas of the southern
and northern slopes of the district, where clevation is less
than 600 metres. But, it 1is also notable that the evergreen
forests are also found in the regions where elevation is more
ihan 1800 metres br So., Ihe pine vegetation are common in this

district vhere elevation is more than 1200 metres high.

, The tropical vegetatidn, like - Sal, Teak, ete. are
available in Songpahar end Balat arcas. The agverage altitude in
this two areas is belov 600 wetres high.

3.b.k Drainage
There are very few rivers in the district. The Central
' Highland plateau is controlling the directions of rivers and
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ects as the vater-shed and the xivérslfuﬂlow towvards north
and south of this bighland. The Map No. 8 has shown the dis-
tribution of rivers in the district.

In the southem part, there are tuo big rivers, namely,

. river-Balat and river Jadukata. River Balat flows in between

. West Khasi Bills district and East Khasi ‘Hills distyict of
Meghaiéyé. Hiver Jadukata is almost draining thxougbouﬂ'thek
.éouthern parts of the dist;dct. In the western part of the dié-
trict, river Simsang is fiowing towards Bangladesh plains. The
rate of soil eroéi&nlis very high. These rivers have to over-
come hill ranges ahd pléteau;, making gorges and vaterfalls
andgcérry;a large gmount of debris to the plains.

Um Krisiniya, is flowing towards the plains of Assam in

‘ the‘nortbern slopes of the dist;ict. It bas got few tributaries
‘coming from the Central Bighland. In the Central Highlend, River

" Kynshi is flouing to the East Kbasi Bills district. Due to the

inadequate vater supply facility, the hill people have to settle

down along the riveréide or near the spring site. Most of the

éettleﬁents are found near the water only.

345 Climate
Ihe climate of the district is tropical to sub-tropical
climate. There is no variation of climate in the district. The

experience of temperature especially in summer Season is getting
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higher and higher because of deforestation in the district.
Due to the shortening of "Jhum" period (which has come doun
from 20 years to § years), and the increase of population
pressure, the district gets degradation of primary forests
vhich is largely responsible for changes of climatic factors,

‘Keeping the importance of all the criteria and their
‘characteristics, an attempt bas been made to identify the
major ecological zones for ithe West Khasi Hills district of
Meghalaya. The identification have been done by superimposing
all the ecological factors, like - relief, slope, vegetation,
drainage and climate., There are ten ecological zones, identi-

fied for the vhole district, shown in map No. 9.
3.9 Characteristics of Ecological Zones

3;5,1 Ecologiéal Zone Nec, 1

| ‘This is a flat plateau top area with a few small defined
plateaus and valle&s. Ihis zone includes market centres, like -
Rembrai and Mawshut,

The ccmpositidn of rﬁcks in this zone is mainly Gneissic
 comp1e2 of vocks. A few granitic rock formation is found in the
easternmost part af this zone., The average altitude’ranges from
1600 metres to 1900 metres high. Vegetation is mainly Sub-tropi-

A cal'Pine forests and some patches of evergreen forests are also
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available in certain pockets of this zone. The agverage slope
is very high, about_hoo and above in tbe hiil ranges. Ihe
rainfall is less pegause it falls under rainshadow zone. High
hills and plateau tops obstruct rainfall from rain bearing

clouds from the south.

3.5.2 Ecological Zone Mo. 2

This zone is extremely disected with a number of sméll
hillocks and plateau.., ihe valleys i.éc.flat areas are fully
utilised feor agricultuse. This gone includes the greater parts
of Mairang Subedivisién9 Sohiong valley and Jakrem aieas;

The composition of rocks is the gneissic complex at
‘Mairang and Sohiong valley but in case of Jakrem area, the
composition of rocks is granitic formation. The average altitude
is varying from 1200 m to 1700 m énd the average slopes vary
from 15° to 20°. Sub-tropical Pine vegetation is available in

this zone,

3.5.3 Ebologica1 ane Ho, 3

This zone is g part of central highland of the plateau.
River Kynshi is {lowing in the southern part of this zone. The
District Headquarters belong to this zone at Nongstoin. Some
parts of Markasa Subedivision is alsc incluged in this zone,

The rock composition is the Gneissic Complex. In the

northemn part, granitic rock formation is found. The average
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altitude is 1400 m to 1600 metres. The vegetation 1s‘Sub-tropi-
cal Pine Forests. The average slopes vary from 25° to 40°, The
annual average rainfall at Nongstoin recorded as 4200°na 1in
1983.

3.5.4 Ecological Zone No, b

- ‘Inis zone includes the growth centres of Mawkyrwat and
Pambriew.

‘The composition of rocks in this zone is mainly granite.
- The average altitude_ranges from 1000 @ to 1300 metres., The
vegetation is mainly Pine and dense bamboo forests., The hill
ranges and plateau tops are exposed with bedrocks. In northern
part of this gone, some tributaries of Hver ﬁynshi and River
Balat are flowing downward thyough this zone, In summer, rain-
‘fall 18 high due to the southeast monsoon.

3.5.9 Ecological Zone No. 5 A

Some parts of Mawsynram and Weiloi market centre have

- .been ihciuded in this zome. This zone 4s adjacent to Mawsynram,
the place where world's highest rainfalld (12,163 mm) is record-
‘ed in 1983.

2., Rainfall Data collected from Statistical %ggd Book 19384,

- Director of Economics otatistxcs & bvaluation, Meghalaya,
Shillong, pp. 36-37.

3. Ibdg.
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The bedrock formation is the Gﬁsissic Complex. This
zone is disected by Dawki fault from southern part of the dis-
trict. Ihe average altitude varies from 500 metres to 900
metres. Vegetation is mainly bamboo forests. The average slope
is very bigh ranging from 42° and above in the high bill ranges.

3.5.6 Ecological Zone Ne. 6
This zone is disected from the main land by Dawki fault
stretching from east to west. The southern most parts, like =-

Balat, Pamgunda belong to this zone,

Ihe Khasi Groups of rocks are found in this zone. This
group of rocks have three formations — Mahadek, Jedukata and
Sylhet trap.

The vegetation 1s mixed deciduous forests with 8al end
Teak forests, The averagevaltitude is less than 500 metres.
River Balat drains through this gone.

3.5.7 Ecological Zone Ho, 7
This gone is almost a valley with extensive flat land.
The river Jedukata flous towards the south through this zone.

Geoiogically, rock formation is the Gneissic complex.
The average altitude ranges from LOO metres to 700 metres.
Vegetation is mainly Bamboo forests. Some patches of mixed
forests is also available in this zone. The average slopes vary
from 15° to 25°, summer rainfall is medium to high.
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3.5.8 Ecological Zone No. 8
The southern part of Riangdo, Nongumdang, Nongjonthaing
and Jankre include in this gone.

- The formation of rock is the Gneissic Complex with
varying depth of its composition. The average altitude varies
from 400 metres to 600 metres. Vggetation is mainly dense mixed
jungle with Sal forests,

3.5.9 Ecological Zone No. 9

he world's largest dspositévof Sillimenite is found in
this zone. This zone includes Riangdo proper and it acts as a
wvatershed zone lowering to the plains of Kamrup district of

Assam.

This entire zone 1S covered by Gneissic complex. In
Riangdo proper, the formation of rock is silliimanite and grani-
tic. This zome is forested by moist deciduous forests with Sal
and Teak forests. The average altitude varies from 800 metres
to 1400 metres high.

3.5.10 Ecological Zone No, 10
| Ihis zone is sloping down towards the plains of Assam,
It includes Ncngkbhiaw and Maudoh areas.

he rock formgtion in this zone is mainly of Gneissic
~ Complex. The granitic formations is alsoc available in this zone.
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The average altitude varies from 500 metres to 1200 metres

vith few hills and plateau.. The average slopes vary from 40°
and sbove. Sub-tropical Pine forest, moist mixed deciduous
forest with Sal trees are common vegetation imn this zone. Rain-

f£all is medium to bigh uring summer season.

3.6 Identification of Lgndfacets
B Iﬁ the present study, 'landfacet' means the relative
position of the topographic features over the earth surface,
- The relative position of the topographic features over the earth
surface vary from one region to another region. It could vary
even within the same region. Therefore, ‘'landfacet' identifica-

tion has been done vithin the ecological zones only. (As has been
shown in Map No., 10).

Four ecategories of landfacets have been identified for
the study. They are:

(1)  Valley bottom: (flat 1and),
(14) Gentle slopes,

(441) steep slopes, and

(iv) Crests,

Table Ho. 3.1 shows the ecological zones and their

langfacets,

It has been noticed that the topographical characterise
tics of valley bottom: (flat land) differ from one place to
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another, These differences occur within the‘same'acological
zone also. Some valley bottoms (flat land) are located at
higher elevations and some are at low altitude. The vegetation
cover obviously differs fyom each other beczuse of its diffe-

rence in altitudes. N

Usually "Jhum" cultivation is practised in the gentle
slopes and steep slopes, Due to the pressure of population, the
cycle of Jhum cultivation has got reduced from 20 years to
- 9 years, Moreover, the rate of soil erosion is faster in the
slopy areas compared to the valley areas. It also depehds upon
the vegetation cover of the soil. After slash and burning, the
top soil is exposed end gets degraded quickly. It is true in
case of hill regions, that potentiality of soil could be pre-

served by afforestation and using it judiciocusly.

Table No, 3e.f: &

T T Tandfacets !
fcological | Valley Bottom !Gentle steep ! Crests!{ Total
Zone Nos, | (flat langz 15l opes 8lopes ! '

1 i 2 i3 1 4 i1 g 6_
(R | l 3 3 3 13
2. | 17 7 8 3 35
3. 8 b 5 3 20
L, 3 3 3 12
Se 3 3 3 12
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Teble No. 3:1 (Contd,)

' _Landfacets
Ecological ‘Vﬁiiey Bottom! Gentle !Steep | Crests | dotal
Zone Nos, ! (flat lond) Slopes_!Slopes !
1 2 3+ n s 1 _ 6

6. 3 3 3 3 12
7e 2 1 1 1

8, 1 2 1 1

9. 3 3 3 12
10. 5 3 1%

Total 141

- Keeping in view, the topographical characteristics of
landfacets, 72 numbers of landfacets have been selected from
six écb1ogica1 zones (out of 10 ecological zones) for the.
detailed study. These six ecological zones cover more than 70

percent of the total geographical area of the district.

Teble No. 3.2 shows the distribution of six ecological

zones ang their landfacets.

Table No. 3.2
Iandfacets . ;I
Ecological ‘*‘i?’auey Dottom | Gentle jsteep § Crests | Total
Zong Nosg, & (fiat) 1s lopes !slopes ! !
1. 3 3 3 3 12
2. 3 3 3 3 12
3. 3 3 3 3 12
L, 3 3 3 3 12
5e 3 3 3 3 12
6. 3 3 3 3 12
Totel 7
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3.7 Concluding Statement

o7 The above discussion could be summed up into two parts.
The first part deals with the identification of ecological zones
and the second part deals with the landfacets.

"In this chapter, the term ‘'Hcological Zoné' means the
spatial distyibution and significance of various ecologiéal
factors like - topography, slope, vegetation, drainage, climate
i etc.jThese factors are responsible directly or indirectly for
| soil forﬁation and its physical and éhemical propertiesf The
'féffects of the soil environmsnt mostly depends on the interacé
‘tion of these ecological factors. Therefore, the West Khasi
Hills district of‘Meghalayé has been divided into ten-majbr

ecological zones on the basis of above ecological factors.

A discussion has been made for the justification of eco-
logical factors used for the demarcation of ecological zones,
At the same time the ebracteristics of each and every ecologi-

cal zone has been discussed in brief also.

| In the second part, attention has been paid for ‘*land-
'zacets"iﬁentification. "Landfacet® means the relative position
of the topographic features over the earth surface. The rela-
tive position of the topographic features vary from one region
"to another region. It could vary even within the same region.
Therefore, this identification of landfacet has been done within

‘the ecological Zones only. There are four categories of land-
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facets have ween identified. They are - Valley bottom (flat
land), Gentle slopes, Steep slopes and Crests,

8ix ecological zones have been selscted out of ten
ecological zones for soil sampling and about 72 soil samples
have been collected for analysis of physical snd chemical pro-
perties of soil,

The identification of ecological zones and landfacets

| would lead to a micro-level study. This level of study could
focus the problems of sSoll erosion and degradation in the West
Khasi Hildks District,
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CHAPTER - IV

S0IL STATUS AND SOIL RATING INDICES

4.1 Introduction -

' In understanding ecological processes and their impact
on soil quality changes, it is necessary not only to evaluate
the soil under different ecological conditions but also to
classify and map it, in order to help in policy formulation
and land management and»consequently, for better planning and
land utilisation.

Keeping in vieu, the above objective, the 72 field
sanples of soil from six ecological zones of West Khasi Hills
District have been classified into soil rating indices. There
are tvelve variables which have been identified as the most
important ones zRd obtained by field collection and by measure-
ment of physical end chemical characteristics of the soil and
observation of site characteristics of the samples. All the
twelve variables have been classified into three groups, They
are: | | |

A, Physical Characteristics;

B. Chemical Characteristies, and

C. site Charactsristics,.

A detailed 1ist of the variables is as the following:
Group A: Physical Characteristics:

X.‘ : Texture
Xé s Structure
X, : Colour

3
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Group B: Chemical Characteristics:
pH

Kg/Ha of MNitrogen
Kg/Ba of Phosphorus
Kg/Ha of Potassium
Kg/Ha of Organic Carbon

‘34

V\bﬁ

ot

\“K

&

Group C: 8ite Charecteristics:
X9 s . Altitude
310: Degree of Slopes
X448 Vegetgtion, and
X45: Topogrephy.

As has been éentioned in Chapter - 1I, the Soil
'Eating Index attempte& in the present study is by vay of cofe
‘bining the above twelve variables into a numerical Composite
Index using Kendall's Principal Component Analysis Technique
(Appendix - 1). This bas been done in two stages, Firstly, by
- grouping the variables at the level of the three sub-groups
-and finally combining the subgroups into the final composite
index indicating the soil rating status.

-In the process of preparing the Composite Index, the
Kendall's technique uses the correlation. matrices of different
groups of variables which give us valuable Mfomation and
insight into the relationship of the variables, since the
technique tries to optimize the sum of squared correlaticns of
the explanatory variables,
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4.1.2 An analysis of the inter-correlations of the variables
of physical characteristicsf(croup A) shows that the correla-
‘tion betveen X, (Texture) and X, (Structure) is positive and
significant at 90 per cent level of confidence. But, the
correlation co-efficients betveen X, and X4 (Colour) and X,

and X3 are both negative and significant at 95 per cent and

90 per cent level of confidence, respectively, This may be due
to that soil texture.does not vary with soil colour, Texture
and colour have independent characteristics, The negative cor-
. relation between structure and colour might be because of inde-
pendent characteristics of structure and colour, Soil colour
varies mainly due to the organic matter content in the soils.
‘Therefore, there is negative correlation. The positive correla-
tion between texture snd structure is due to that the primary
s0il particles - sand, silt and clay - usually occur grouped
together in the form of aggregates. These aggregates form a
certain patterns is called structure. Therefore, the positive

correlation is obvious.

Igble Vo, kW,1: Correlation Matrix of Physicel
‘ Characteristics
— 2 s
X, 1. 000
X, 0.129 1,000

X3 «0e179 =0, 13% 1. 00C
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L.1.3 An anslysis of the correlation matrix of group of
variables under chemical characteristics, 1ndicate that the
correlation co-efficients between the pH (X, ) and nitrogen
(XS)’ phosphorus (Xé)g and organic carbon (Xg) are negative
and significent at 90 percent level of confidence both X6 and
Xg. It is insignificant in case of Xh and Xs. The correlation
co-efficients in between phosphorus (37) and X, though posi-
tive, it is not significant. But the correlation coefficients
betueen Xs and 36 abd X& are positive., It is significant at
99,99 percent level of confidence between xs and X8 and insi-
gnificent betuveen XS end xaa-Again, the correlation coeffi-
cients between X, and X7 and Xg are positive. It is significent
at 95 percent level of confidence betueen X and Xg. It is
insignificant between-K6 and X7.'There is insignificant posi-
tive correlation betueen X, and Xg.

Table No. 4.,2: Correlation Matrix of Chemical
ngragterisfics.

X, X5 %6 i Xg

X, 1.000

Xg -0,070 1.000

Xy - =0.172 0,029 1.000

X 0,002 <0, 17% 0.098 1.000

Xg ~0.143 0.798 0.175 0.059 1.000
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From the above discussion it can be seen that there
is negative correlation between soil pH and soil primary
nutrients —nitrogen, phosphorus (though it is positively
correlated but insignificant), potassium and organic carbon.
The availability of the primary nutrients of soil do not depend
on the soil pH but thers is the range of maximum availability
of the primary nutrients in the soil is at a pH range of 6.9
to 7.5,1 since this range nearly belongs to the neutral point
of pH; Moreover, the average pH value of the 72 soil samples
is 4.9 which is very acidic., Therefore, the negative correla-
tion between soil pH and soil primary nutrients is obvious.
There is a strong positive correlation between nitrogen and
organic carbon, Most of the Soil nitrogen occurs in organic
combinations, only a small fraction, about 1-3 percent, occurs
in inorganic forms. The carbon-nitrogen ratio in the soils of
North Hastern Hills Region is approximately 20:1. Therefore,
it 4is natural that the two varisbles i.e. nitrogen and organic
carbon should be (highly) positively correlated,

Since, the general availlability of phosphorus and potas-
sium in the samples are not adequate, they do not indicate any
significant relationship either within themselves or within

the nitrogen, phosphorus, organic carbon complex.

1. R.V, Tamhene, D,P. Motiramani, Y.P. Balli and R,L. Danahue.

Soils: Their Chemistry and Fertility in Tropical Asia,
ppﬁ 182-1339 Prentice-Hall of India Pvt, Ltd., New Delhi,
1970,
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%.1.4. An gnalysis of the correlation of the variables of
Group C, i.e., group of variables under Site Characteriatics
show that there is positive relationshlp (significant at 90
per cent level) between altitude ()(9) and slope (X 0) This
may be due to higher slope occurring in relatively higher '
altitude areas of the district. Theré is a high negative rela-
‘t;onship betueen altitude and vegetatioh (K11). In the score
system uséd, pine'vegetation gets a lower score, because of
the fact that under pine vegetation, the soil is generally
acidic and pine 1itter is not easily decoaposed to form hums.
Therefore, altitude and vegetation are negatively related. The
relationship between altitude and topography (X12) is also
negatively significant at 90 percent level because higher alti-
éude areés have gréater ruggedness which gets a lov Score on
ﬁhe bésis of topographic scofihg system (after Clarke's), The.
relationship between slope and vegetation is negative and
significant at 99.99 percent level. This may be due to the
: fact that higher slbpes zonés are either degraded or occupied

by pine vegetation‘which get low score.

Table Mo, %.3: Correlation Matrix of Site Characteristics

49 R X411 40
X9 1.000
X1O 0.239 1.000
Xﬂ1 "O.h36 °00398 1.000»

X12' -002?3 ';00663 0.529 10000
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_ The correlation betueen slope and topography is
highly, significantly negative (99.99 percent level). For
reasons that higher slopes indicate areas of high ruggedness
wvhich get low score by topographic principle. Finally, the
correlation between vegetation and topography are positively
significant (99,99 percent level) which indicates higher
scoreAareas under iopography oécﬁpying the vglley areas and
low altitudes (wvhich are also areas of deciduous Qegetation

which get a higher vegétation score).

4e2 Analysis of Eigen values
‘In Kerdall's technique of compositing variables into

an index involves the use of eigen values or characteristics
‘roots which aré derived out of the correlation maﬁrix. In the
’bfesént study, the first eigen'value vhich has also the

' highest value among the vector of eigen values is taken to
derive the weight vector or eigen vector which then is used

- as a~mu1tiplicativé we1ght systemlgn'the ﬁériables. But, the
°:given eigen value also incdicates a very significant cbaracte-
ristics of the relétionship between the composite index and ° .
' the individual variables. Ine relationship is given by the
" value of the eigen value divided by the number of variables
‘provides the ratio (or percentage) of variables in thé group
‘of variables explained by the variation in the composite
'index. Therefore, this becomes a veiy.significant indicator

' of how adequate or otherwise has been the use of a particular
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eigen value in the preparation of the composite index.

" 'In case of the group of physical variables (Group A),
the highest eigen value (first principal component) has a
value of 1.30, whiéh explains L43.3 percent of variations in

Table No, L,L: BEigen values_and variation explained

Group !First Principal (los. of Variables

D Ay 4D e

iComponent
A 1430 3 - 43.3
B - 1.87 5 38.0

the group of variables, In variables of Group B, the highest
eigen value has a value of 1.87, which accounts for 38,0 per
cent of vériations and in the groﬁp C (Site Charactéristics)
the eigen value has a very high value of 2.30, which accounts
of 57.5 percent variations. In case of all the three groups of
véfiables, the first Principal Component accounts.fdr more
than 1/3 of the variations which is considered adequate in
such analyses. Howevef, since the eigen values are derived out
of the correlation matrix, a high consistency in the correla-
tion matrix is usually reflected in high value of first priﬁ-

cipal component. This is shoun in case of Group C variables.
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4,3 Analysis of the Soil Rating Indices |
As has been explained in Chapter - II, the 72 soil

samples along with the related twelve variables falling into
three distinct characteristics groups have been first compo-
sited into three indices - Index A, Index B, and Index C indi-
cating composite score of physical characteristics, chemical
characteristics and site characteristics of the samples, res-
pectively. In the second stage, all the three composite ingi-
ces have been further composited into a single Index I, repre-
senting the completé nuznerical soil ratingAstatus index for

the samples.

At first, all the samples and therefore, the 72 obser-
vations bhave been classified into four groups on the basis of
the characteristics of the landfacets i.e. into samples in
valley bottoms, gentle slopes, steep sSlopes and crest lands;
An analysis of table k.5 indicating the claséification of the
composite index of physical characteristics shows that the

Table Mo, 4,53 Composite Index of Physical
Characteristics: Index A.

51, Valley Gentle Slopes | Steep slopes | Crest
No. !Bottom H ! H

I(flat 1and) ! ' i B
1. -2.189 ' : 0243 0.003 1.5%46

3. "1 0682 10300 0.792 2.6%
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Table No, W,.5(Contd.)
Sl. ! Valley. Bottom !Gentle slopes

51+ Valley Bot ! j Steep Siopes E*E?ést
L, -1.928 =1.647 C.792 0.792
5. -0.181 -0.257 -0.646 -0.441
6..  =0.427 -0,455 0.76% 0.313
7. =0.723 2.203 0.792 1.258
8. -0.727 0.969 2.887 -0.674
9. 0.687 ' -0,688 : 1.258 - 2,873
10. 0.532 1.653 ~0.413 2,887
11, -0.688 0,969 - =0.970 1.426
12, -0.67% 2,422 1,258 -1.188
13, =1.738  e1.15h -0.660 -0.660
MWy - —1.72% . o1.077 1.258 1.258
5.  =1.15% 0.229 1.258 1.258
6.  =1.928 0.229 -1.413 0.687
17. -1.928 ' =0,907 -0.195 1.258
18.  =0.195 =1.956 -0, 1.0011
| Average
© value <1.00k =0,226 ‘ 0.l60 0.973

samples (18) under valley bottom landfacets are of consistently
negative values with an average of =1.00%, The highest positive
velues are indicated in the crest samples vwith an average
0.973. The gentle slopes indicate an average score value of

-~ =0.226 and steep slopes, 0.460. Therefore, there seems a con-

sistence gradation of index value from high negative in case of
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valley bottom to high positive in case of crest samples. It
,msy'bejﬁoﬁed that because of 'normalisation' of variables,. -
the average for index scores is zero. It may indicate that
.overall)ﬁhysical characteristics of soil of valley bottom
;facets éfe not favourable. This may be dde to the fact that
iélthough‘ﬁbe soil may be texturally favourable, they are not
favourable colour-vise afd structure-wise. On the other hand,
‘the crest soils are favourable because of the combination of

411 the three principal physical chracteristics.

An analysis of table 4,6 indicating the classification
of the composite index of chemical characteristics shows _the
‘samples (18) under valley bottom landfacets are of highly
positive values with an average of O.W16, which is the highest
positive value. The gentle slopes indicéte an averagé score

Table = 4.6: Composite Index of Chemical Characte-

s . ristics; Index B.
S1 Walley Bottom {Gentle olopes jSteep Slopes y Crest

. No, i(flat lend) | i
1. 1.547 «3.130 -0.883 0,676
2. . 1.478 L. «2.875 -1.64l 1.8
3. -0.85% -2.895 -0.806 1,971
b, -0.941 | =0.4h47 | -2.208 -o.uko”‘
5.  -3.843 0,095 -2.617  -0.098
6. 1.291 | 0.032 0.7k 0.769

7. 1.200 0.531 3.466 3.932
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Table 4,6 (Contd.)

51. zValley Bottom 'Gentle Sloyes i'Steep Slopes ; Crest

No, j(flat land) §~ i , i

8.  1.467  1.657 © - 0.983  -2.508

9't. | 2,265 - 2.5%5 -0.285 3.135

10, © =1.050 - =0.899 - 2.u8 =055 .
1M1, =0.252 - - 0.856 - 0.564 =0.903

12, =0.785 - 2,54 =0.025 <0.867
13. 0.978 - 2.583- S 0.978 - 1916
1, 2.136 1.8% . 2,136 0.075

15.  -0.452 3,048  -0.452 -3.384

6.  -1.433 ~0.473 _" ~0.403 - =1.95%

7. 3.918  -1.18  -0.6uB -1.978

8. 117 2,227 Cw2.723 ~0.473

Average - , A o

value O.416 0.336 -0.073 -0.179

value of 0;336. Iﬁ.the-steep slépes_gnd crest samblés.are of
consistently negative values with'the averages of -0.073 and
;6,17é, feSpectivély; It has been noticed that there is a gra-
. éation of index values from high positive in case of valley
:Sottom to low negative in case of crest samples. Therefore, it
. may 1pdicate that the chemical cbaréétéristics of soil in the
'vallej-bottom' facets are most favourable. This méy be due to
.ihe flat lznd, uwhere deposition is more from uplands and mar-
 gina1 1mpact of soil eresion or degradatiun. Cn the other hand,
in the steep slopes and the crest samples, the composition of
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chemical characteristics of soil are poor with negative index
scores, This may be due to the fact that these areas are most
‘vulnerable’ areas of the district, due to its steepness of

the slopes uhich causes soll erosion and degradation.

An analysis of table 4.7 indicating the classification
‘4of the composite index of @ite Characteristics shows that the
'samples (18) under valley bottom lendfacets are of consistently

Table 4,73 Coggesége Index of Site Characteristies:
n - . .

BT Waliey Bottom iGentie Siopes | Steep Siopes ;’Erest

No. H(flat lend) 1 . ; L
1o 3.621 o -0,70k «2.175 =1.253
2. 3.091 «0.557 -1.954% -1.116
3. 3.528 - <0.010 -1.792 "=1.546
b, 2.918 L w1406 =2.419 -2.255
5. 2.097 0,257 ~ =1.080 -2.49%
6. 3.284% 14559 -2,320 -1.345
7o 0.238 - 2.016 -2.118 . =1.763
8. 3.28% 0.165 -2.379 . <4,583
9. - =0,378 =0.553 -2.239 -1.487
10, 3.528 - «=0,698 -2.331 . =2.33%
1. 2.899 0,438 -1.763 -1.94%
12, 3.0u5 0,103 -1.763 ~3.171
13. 3.103 -0.813 -2.605 " =2.605
1, 0.899 0,549 -2.605 . «24605
15, 2,575 . -1.069 -2.249 -2.249
16. 5,003 3.55% 0.860 0,721
17. 5,0L8 3.554 0.002 0.821
‘18, 3.55% 2,987 0.002 . =0.011
_Average

value 2.852 0.431 -1.695
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positive values with a highest average value of 2.852. The
negative values -1.695 and -1.73% are indicated in cases of
the steep slopes and crest samples, respectively. In the gen-
tle slopes, indicate an average score value of 0,431, There-

~ fore, there seems a consistent gradation of index Value from
~h;gh<posit1ve»ig'case-ofzvalléy bottem to high negatiye in
 casé of steep slopes and crest.samples. It may indicate that
site cbaracteristics of soils of valley bottom facets’ are most
'”xavourable. Tbls may be due to the fact that the availability
of (soil) major nutrients for plant growth are favourable. It
is also favourable in case of topography in the valley bottom
'since the lend surface is alaost flat or plain. But in case of
gentie slopes, tbfograghy which is somewhat undulating. gets
less score., The ruggedness is more prodainent in cases of steegp
‘slopes and crest lands, where practically no favourable site
_éﬁaiacteristicsifor plant grouth can be observed. .

B

An anaiysis of teble 4.8 indicating the classification
'fof‘the Composited Index I, shows that the samples (18) under

vailey botton landfacets are of consistently positive value
‘yith a highest ave?agé score of 1.866., in the stéeﬁ'siopes'égét

“-‘crest samples, aré 6f consistehtly,négéﬁive values’with the

' averages of -1.058 and ~7.152,Tespectively. The gentle slopes
_indicate an average score value of 0.339. Therefore, there

- 3eems to be a consistent gradation of comgositevlndex value
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Table h, : gggggsitgd Indeg of A, Ba and C: Index I

T WTelley EE%E ;Genffe Slcpes ! Teep Slgpes ¢ Crest.
No. !‘flat land) ! H ;

1. 2,984 T 0.286 =1.539 =1.507
2, 2,478 0.3C0  =1.566 . -0.868
3 1.900 . <0.282 -1.026 -2.139
e | 2,484 1.138 =1.13% -1.136
5. 1,297 <0.136 0.913 0.2%0
6. 1.529 . 1.248 ~1.L40% =0.806
7 -0.5%99 1.287 -1.789 «2. 264
8. 2.137 . =1.820 -2,859 -1.699
9,  =1.327 - 1,368 =2.311 «2.312
10. . 1.332 0,660 -0,225 -3.185
11, 2.196 -0 2041 -0.382 -1.588
12.  2.166 -0.982 -1.598 -0.896
13, 2,003 - 0.584 0,95 - -0.368
M. 1.658 0.610 -2.C86 -1.170
15, 2.85% -0.230 -1.383 0.030
16, 2.917 10399 C 0.5M -0.k69
" 17. - 3.036 - 2146 -0,668 =0.ué7
18, 2.530 . 1.503 -0.058 -0, 111
égiggge 1.866 ‘ 0.339 =1.058 =1.152

from high positive in case of valley bottom to high negative
in case of crest samples. 1t may indicate that there'are posi-
tive average value in cases of chemical and site characteris-
tics of soil in the valley bottom facets. In case of physical
characteristics, there is an average negative value because of

all the three principal physical characteristics of soil. It
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has been noticed that the valley bottom land is five times
favoursble than the gentle slopes, although it has got an
average positive value, Ihe parameters of all the three cha-
racteristics of soil have been found unfavourable towards

bighlands and crest ecologies.

‘4,3.1. Out of a total of ten ecological zones identified in
' the district of West Khasi Hills, six ecological zones namely, .
No. 1: Rambrai Zone, Ho. 23 Mairang Zone, No. 3: Hongstoin

o Zone, No. W: Mawkyrwat Zone, No. 9: Mawusynram and its annexe,

and No. 63 Balat-Pamkunda Zone have been taken for detailed
énalysis in the present study.

-In this 8ix ecological zones, all the ‘7'9 soil samples
 'were taken purposxvely, tbelve from ea@h zone ane keeping in
vies that they are vell distributed spatially es well as over

the four main categories of landfacets.

4 Ahalysis of the composite indices over the six ‘ecologi-
‘ cal'ﬁcnes woulé éruvide comparison of the soil statué and soil

A éuitability betueen different ecolozical zones., The index of

" physical characteristics has shown in table 4.9, shous that the
' average value éf the composite scores of physicgl parameters

" are.poaitive in ecologicsl zone 1, 3 and 4, the average value

" being 0.16%, 0.850 and 0,342, respectively. (ne may point out,
as seen in earlier part of thisAchapter that physical parameters
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are relatively favourable towards highlands and crest ecolo-
gies, It can be seen that the ecological zones 1, 3 and & are
lérgely plateau top areas and highlands. The highest average
positive value occurring in the Nongstoin Zone uhich has many
hill ranges. The average negative values occur in zone 2, 5
and 6 which are essengially lov slope areas, valley ereas and

low altitude arvreas,

Table =k.9: Composite Index of Physical Characteris-
‘ ticss index A.

Bil. | Ecologi- :Ecologi-;ncoiogia'Ecologia,ﬂcoi i- ikcologi-
Ho. cal 'cal tcal

" :cal 'cal

=2.422 0.229
=1.15% =0.907
~1e477  «1.956

" =0.660 0,413
1.58 <0.195

1.258  -0,u%1

«0, 942 0.687

11, 1.258 0441  =0.67% 1.426 0.080 1.258
12, 2.646 0.313 2.873 =1.188 <=0.942 1.011

0. 16 -0.277 0,850 0.342 -0.801 -0.398

An enalysis of the index of chemical parameters table
4.10 indicates that ecological zone 3 i.e. Nongstoin Zone has
the highest average score of 1.532. This indicates that this
Zone is mbst favourable both by physical paraneters and chemical
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parameters. The other ecological zone with positive éverage
score is Zone S, Thearest of the four zones have average
negative score values. Tbis would indicate that by chemical
parameters only two ecological zones have, on an average

favourable soil qualities.

Tdb;Q -ru;jo: ciggosige Index of Chemical Characteris-

81, Ecologi-,iﬁgglogi- 'EcoiogI;TﬁE'iogi-iﬁgziogi-ﬁEcoIogI-
c le cal
Zone 1 {Zone 2 !Zone 3 'ZQne L 'Zone 5 lZone 6

1. =0.676 900""'*0 3 -932 ~0.95k 1.916 -1 09514-

2, =1:186  =0.098 - =2.508  =0.903 0.075 -1.978
3¢ =3.130 20,79 . 3.135 | -0.867 =3.38: <%.009

L he . =34130 . =0.447 . 0.531 . -0.899  2.58%  -0.473
5. - . - =2.875 . 0.095 . 1657  -0.856  1.82% -1.18
-6 -2.895 .. 0.032 = 2.545 . 2.545  3.048 2,227
7 1547 =0.9%1 1,200 -1.050 | 0,978  -1.433
- 8. 1.978 . =3.883. . 1.867 -0.252 2.136  3.918
9. =0.85% . 1,291  2.265 . -0.785 -0.452  1.117

.10, -0.883  -2.208  3.46  2.485  -0.393  -0.403
11, 1.6kl -2.617 0.983 0.56%  0.405 -0.648
12, . -0.806 . 0.7k  -0.285 -0.025 =1.087 -2.723

21,019 - 0,637  1.532 -0.058  0.478 -0.629

o Ah:analySisﬁqf the cbqposite~1ndek 6f site parameters
(Characteristics) has been shown in tsble 411, vhich indlcates
that ecological z2one 6 i.e., ‘Balat-Pumkunda Zone has the highest
average score of 2.243. This 1ndicates that this zone is most
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favourable by site parameters. The rest of the.five zones have
average negative score values. This would indicate that by site
parameters only one ccological zone has an average favourable

soil qualities.

Table = 4,11: C osite Index of Site Characteristics:
ﬁ Co

gil E Ecologi-"1 ! Ecolpai-'hcolog;-EEcologi- zEcologi-'Eco ogi-
0o ! cal cal 'cal ‘cal
'} Z%ome i -} Zone 2 chne 3 'Zoae h ;§9ne 5 'Zone )
1. 3.621 2,918 0,238 3.528 3.103  5.003
2. 3.099  2.097 3.284% 2,899  0.899  5.048
3. . 3.528 - 3.28% 0,378 3.085 2.975 4,374
bo =0.7Ck  ~1.,406 2,016 -0.,698  <0.813  3.554
5. -0.557 -0.257  0.165  0.438 <0549  3.55%
6. =0.010 14.555 =0.553  0.103  -1.069  2.987
7. -2.175 C«2,119 -2.118 . -2.331 <2,605  0.860
8. «1.95% 1,080 2,379 -1.763  -2.605 0,002
9. -1.792 22,320 -2.239  -1.763  -2.249 0,002
10. :415253 22,255  =1.763  -2.33%  -1.449 0.721
11 =1.116 -2.49% 4,583 -1.94 2,588  0.821
12, <1056 =1.385 <1487 -3.171 -1.195  -0.011

=0,072  <0.310 -0.753 -0.333  <0.711  2.243

an enalysis of the composited index I has shown in
table L.12. The average scores of composited index I are posi-
tive in ecological zones 1, 2, 5 and 6, the average value being
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0,012, 0.208, 0.059 and 1.231, respectively. The rest of the
tuo ecological zZones i.e, Zones 3 and & have average negative
scores of =1.,186 and =0,317, respectively. The highest average
-positive value occurs.in the Balat-Pumkunda Zone vhich has lov
altitude areas, gently undulating topography and thick jungle
of evefgreen forests. The second highest positive value

occurs in the Malrang Zome, which has extensively large valley
areas in betueen many hill ranges. Although, the average com-
posite index values are positive in case of Zones 1 and 2, they
aie not significant. This may be due to the loeation of the
gones, Zone 1 falls under the rainshadow of the South-tiest
Monsoon and Zome 9 falls in the steep slopes of the southern
part of the district. This would indicate that by the parame-
tors of the composite thres indices only tuo ecological zones

i.e. Zong 2 znd 6 have an average favourable soil qualities,

Tgblg = 4,12: Ecological Zone-wis ssification of
Composite Index

Ecologi- IEcologi- zﬁcologi- Ecoiogi- 'Ecologi- jEcoliogi-
‘,cal . 2“‘ :gal y cal ‘cal

7]

Sl. }
No, } cal
]

2,836  2.356 =046  1.133  1.730  3.507

2. 2,465 0.915 2.100  1.717 1.353 3.530
3. 1.841 1,292 =1.327 1.755 2,488 2.737
L, 0.656 0.576 1.166 0.375 0.516 1.30k
5o 0.067 0,036 =1.672 -0.620 0.039 2.163
6. =0.072 C.8uw6 =1.k16 -1.172 -0,262 1,742

70 "00 19!‘ "101’4‘7 "'1 0562 900362 900815 00923
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Table - 2
Sl | Ecologi- ,Ib% cOIOgTa ';E cologi- ,Ecologi- ,ﬂc’ ologi- ,Ecoiogi-

No. ! cal jcal ical ‘cal ‘cal jcal

| Zone No,j;Zo e Ngaangge Voaa,ggne No,&;Zgng No,5 iZone No.6
8. «1.997 0.933 =2.,985 -0.012 =2,25% ~0.8u8
9. <0.935 = =1.643 =2.150 -1.220 1.8 -0.009
10. -1.180 =0,773 =2.268 =3.219 - 0.126 0.049
11. -=0.767 =0.019 =1.546 C=1.722 1,113 =0.290
12, =1.9%9 -0.878 =2.212 -0, u62 0.389 0.059

0,012 0.208  =1.185  =0.317  0.059  1.231

' 4.3.2 83 has been mentioned in Chepter - II, the Soil Texture
a2nd Soil Colours of the samp1°s have been presented in textural

o and colour classes.“g

1.3.2.1 Soi1 Textural Classes

An analysis of Table 4,13 indicating S0il Textural
classes shows that out of the 72 samples, 16 Samples constitu-
'~ ting 22.2 percent are of Clay (C) Category. The Clay Category

Ia ;g &,]3 aoi; ;extural C;asses.

m mf'ames | "Textural | Nos. of | Percentage
M Soil Class) _ ' 'Symbol i Samples ! (%)

1. Sand - s 0 " 0.0

‘2. Loamy Sand s 3 4,2

3. Sandy loam sL 11 15.3

L, Loem B L | 6 8.3

5. 811t Loem = SL - 3 o2

6. silt & 0 0.0
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T%gle - 4,13 (Contd,) — —
Textural Names Textural t Nos. of | Percentage

o.n (Soil Class) . iSymbol ! _Sgmples (%)
7. Sandy Clay loanm 5CL 6 , 8.3
8. Clay Loam CL 6 8.3
O Silty Clay loam scl 3 L,2
10, sandy Clay sC 13 18.1
11. &ilty Clay ~ Sc 5 7.0
‘42, Clay L C 16 22.2.

‘ Total 72 100.0

dominates vigh an overall share of 47.3 percent. The second
‘most dominant textural class is the Loam (L). Sandy Loam (sL)
dominates this group by 15.3 percent in the overall share.
However, the loam group as a whole has L49.6 percent share of
the samples,

. It may be noted that the valley soils are of deposi-
tional character and the finer particles get deposited year
after year, It is natural that the valley S0ils would be domi-
nated by greater percentage of clay group of soil. The gentle
slopes eand crest facéts uould be of mild erosional character,

but are dominated by loam group of textures.
»/; e - , _ ‘
- Map Ho. 12 shous that out of the six ecological zones,
Zone 1, 3 and b, vhich are predominantly highland areas, are
dominated by Sandy (8) a=nd Loamy or Loam group of soil except
the isolated valley facets, vhere clay group can be observed.
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O_nk_the‘ot_bé'r hand, ecological Zone 2, 5 and 6, which are pre-
dominantly valley arecas and lowlands, are dominated by clay
group éf»éoils except the isolated spurs vhere, the loam or

sand gﬁoﬁp can be observed..

%.3.2.2 Soil Colour Classes

L ..An gnalysis of table - 4.1k indicates that, Brown (B)
“Soil (101235/3) dominates the Samples with 5.3 perceni;' of
share within the 19'classes of soil colours. On the other'hand,

’\ngle = L,14s Soil Colour Classes

S14 Name of the Soil Colour iColour ! Nos, of | Perceritage
NoJ ' - {Symbol | Samples| (%
1. Yellow Brown (10YRS5/4) w L 5.6
2. Ligh Yellow Brown (2.5%/4) Lyb é 8.3
3. Olive Broun (2.5Y4/%) ob 1 1.4
L, Pale Brown (10YR6/3) Pb . 6 8.3 .
5. Brown (10IR5/3) B 1 15.3
6. . Yellouish Brown (10YRS5/4) Yeb 3 4,2
7. Brouwnish Yellow (10YR6/6) By 4 5.6
8. Light Brounish Gray (2.5%/2) Lbg b 5.6
- 9, Pinkisn Gray (2.5YF6/2) ~ Pg 1 1.5
10. Pale Yellow (2.5%7/%) Py 2 2.8
11. Strong Brown (7.5YF4/6) 50 6 8.3
12. Yellow (10YR7/6) Y 1 1.
13. Reddish Yellow (7.5YR5/6) Ry 1 1%
14, Dark Yellow Brown (10¥R4/4)  Dyb ] 740
15. Very Pale Broun (10YF7/u) Vpb 5 7.0
16. Dark Broun (10YR%/3) Db é 8.3
17. Grayish Brown (2,5Y¥5/2) Gb . 3 4,2 .
~ 18, Dark Grayish Broun (2.5Y4/2) Dgb 1 1.4
19. Very Dgrk Gaayish(?giggzg) Vdgdb 1 1.}
Total 72 100.0
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the broun group of soil has a Significant dominance with 90.5
percent of the share oflsamples. This overall dominance of

| brown group might have resulted due to Several factors, such
_as the presence of large humus content in valley soils, pre-
éence-of semi-decomposed and unconsolidated biotic matter in
‘valley and gentle slopes, and forested sites, px*esencje of iron-
‘:;xides which diluted with humiz;é undei' moist conditions would
provide brounish colour etc.

Map Ho, 13 shows the spatial distribution of soil
‘colour and it has been noticed that there is distinct spatial
4distribution within brown colour group of Soils. In the Slope
areas i.e, gentle slopes, steep slopes and crests, are domina-
‘ted by Brown, Dark Broun (Db) end Strong brown (&b) colour of
éoils. On the othér hand, light brown (Lb) znd Pale brown (Pb)
colour of sodls are found in the lowlying areas, particulafly
valley bottom lands. This is because the valley soils are
&ominated by grester percentage of humus in the top layers as
well as the greater percentage of clay particles, vhereas the
8lope soils are dominated by sand and loam textures with pre-
sence of quartz, silica, with a fair arount of ferrous oxide

(F‘8205) which gives it a dark brown and reddish brown colour.

b.3,3. Soil Bating Status

The Composite Index 1, 1.e. of the three sub-groups A,
B and C for the 72 scil samples have been arranged in ascend-
“ing order snd the samples have been quartiled into Category I3
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Poor Soils; Category - II: Medium Soils; Category - III: Good
Soils and Category - IV: Very Good Soils.

At First all the samples, therefore, all the 72 obser-
vations have been categorised into ecological geme-wise, An
analysis of table 4.1 Shous that the Soil Rating Status (Eco-
logical Zone-wise) that the ecological Zone 6, i.e., Balat
Zone has the best quality of soil (among the Six ecological
gones) indicating 50,0 percent of very good soils (IV) class
vithin its 12 samples. This may be because of low gltitude and

mixed deciduous forests which could conserve the nutrients froam

Table k.19: Soil Rating sStatus (Ecological Zone Wise)

Category-ilil! CategOry-iV

Ecolc- | Category - 1 |category=-il |
gical | Poor Soils :,Medium Soils ! Good Soils ! Very Good
Zones | : - : —_— ! Sodls
! Nos, ; Per- INos, ! Per- ! Hos, ! Per- | Nos.! Per-
tof | cent jof !cent ! of ! cent | of ! cent
! Same | San- | ! Sam~ | Sam- |
! s 3 eg ! ! ples ! oL ples !
1. 3 25.0. & 33.3 2 1%.7 3 25.0
2, 1 8.3 3 25.0 é 50,0 2 16,7
3. 9 7%.0 1 8.3 ¢ 0.0 2 16,7
L, 3 }25.0 & 33.3 3 25.0 2 16,7
5. 2 16.7 3 25.0 L 33.3 3 25.0
6. o 0.0 3 25,0 3 25,0 6 50,0

erosion, clay dominance of texture and higher humus availability.
It has also a sSignificant percentsge of good soil (III) and
medium '(II) quality soil classes and there are no Samples
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belonging to the lowest class i.e. very poor (I} soils. Soil
status-wise the seéond best écological zone is the Mairang

éone, i.é. Zone 2. It has got 50.0 perceqt of samples under

géod soil categoryn(lll), with 16.7 percent as very good (IV)
éoils. This is becaﬁse of the extensive valley bottam (flat)
lands with small hill ranges, uvhich are fully'utilized for ,
cultivation., The occurrence of medium (II) quality of soil is
.25.0 percent and 8.3 percent is poor (I) category of soil. The
third best zone in terms of soil quality is Zone»s, i.e. May-
Synrem angd its annexe Zone, indicating 33.3 percent of good
soils (III), 25.0 percent of very good soils (IV) and 16.7 per
cent under the pobr:(l) quality of soils. In cass of medium

(I1) quality soil, it has got alsc 25.0 percent of the sémples.
It i3 because of the gentle olopes, the imixed forests mainly
bamboo interspersed 1th a great mqny_river valleys and valley
- soils, The Zone 1, i.e. Rambrai Zéne;.has come nextAio Mawsyn-
rém and its annaxe'onn-e9 in termé of Soil quality étatus. This
zone has 25.0 perceht of vefy good soils-(IV) 33. 3 percent of =
medium (I qdality of soils and 16.7 percent of good (III) |
quality of uOll reSpectively. The percentage of medium quality
of soils is nigh, because Kambral is dominated by hignlands,
Sparse pine vegetation, éoil dég:adation and lowy raiﬁfa;l. The
Zene Y%, i.e. Maullyruat Zone kas 33.3 percent of mgdium soils
(iI), 25 .0 perecent of poor Soils (I) anad therefore;.doﬁihance A
of beloﬁ éverage duality of soils. The soil qualify is generally
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poor in ecological Zone 3, 1.e. , Nongstoin Zaxe wvith 75.0 per
cent of poor quality of so:us (I) and 16.7 percent of very
good quality of soils. The occurrence of poor quality of soil
is very high because of its topographical characteristics. |
This Zone 18 largely a plateau top with bigh hill ranges and
'sparsely diqtribuﬁefl pine vegetation. The soil quality under
pine vegetation is general).y, not favoursble for the plant
~growth or cultivation. bioréover, most of the hill slopes have
been utilised for tJhum? cultivation resulting in soil erosion

and degradation. Map No.1k shows the distribution of Soil Cate-

gories in the_ecologlcal zones,
An analysis of table 4.16 indicating Soil Rating

Status (landfecets wise) shows 77.5 percent of very good qua-
uty of soils under valley bottom landfacets. The gentle slopes

b , o
- Zable ’4,]§ So:'l_l Rating Status ﬁ"Lafldfécets 'wise)i'; 2.

x i Category-1  iCategory=-ii 'Category-;'i"‘f' Category - 1V
Land- H Poor Soils Tedium ,Good Soils ! Very good
facets gbo;,;s | i Soils
I~ Nos, | per los. | Per ,Nos ! Pexr ¢ Nos, ! Per
' ! of 1 cent Jof ! cent fof ‘cent !of | cent
Same | !Sam- ' 'Sam- ! ! Sam- |
3 _ples | Iples ! {gleg:,' 1 ples !}
Valley
Bottom 1 . 506 1 5.6 2 11.1 1"’ 7708
(flat R - . ,
iand)
Gentle 2 1.1 4 22.2 8 Lol Y 22,2
Slopes ‘
Steep 9 50.0 § 27.8 W& 22,2 0 0.0
- Slopes

Crests 6 33.3 8 WM L 22.2 0 0.0
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have 22.2 percent of very good quality of soils and W4 per
cent good sSoils. In cases of steep slopes and-crests, the
very good quality of soil is less (very good zero im both
cases and g00d s0ils 22.2 percent éach). Therefore, there
scems to be a very positive relationship between soil quality
and the landfacets. The quality of scil decreases in the
increase.in slope. It is possible that, due to 'deforestation!
and *Jhum' cultivation, the upland soils hzve been degraded.

Map No. 15 shows that the very good soils are mostly
dominated in Valley bottom (flat) lands and the poor Soils are
found in the steep sloupes and creats, accounting more than
50.0vpercent'aad~33,3 percent, respectively. In vélley'bottom
 snd gentle slopes, the occurrence of medium and good Soils are
. 510 noticesble. This'dis because of greéter sodl retention

capacity of soils in thesec facets,
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CHAPTER - ¥

SUMMARY AND CONCLUSION

'

5.1 Contrary to popular notions, land is the 'ultimate
resource'. The growing demands on non-renevable resources by
the present 'Industrial Civilization' and constant depletion
in these ressurces has now raised a guestion mark on the via-
bility of this consumerist society. Sometime or other, the
human society has to fall back on the more tangible resources
of life as well as a greater sSustaingble standard of living.
In this context, pre-cminence of land as the most durable
resource of sustenance of human beings comes to the fore.
After all, the interplay of all other renewable resources like
vater, vegetation, sSolar energy and the various nutrients of
the ecosystem takes place largely on the lendmass, since its
contact with the human society from the point of view of habi-
tation and food is mch greater than the aguatic ecosystem,

since, man after all is a terrestrial being.

Therefore, understanding, management and preservation of
this vital resource i.e., land is of the greatest importance
to man now. More so, is the case of the developing countries,
because of the overwhelming dependence of their population on
the land and soil resources, The North East Region of India
is especially dependent om land resources, since nearly 90 per

cent or more of the population still depend on agriculture or
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land related activities, The problem becomes eyen more acute
in the cese of the large tracts of arceas inhabited by tribal
population, principally the hill areas of the region. The
general level of backwardness in these areas is even more
striking; Unfortunately, the 1ané resource which is the chief
means of living of the population is the least managed along
scientific principles; rather it is subjected to fast ecologi-
cal degradations dne'toAage old practices, and taboos, some of
which are certainly harmful and deStructive. The case in point
may be the ‘shifting cultivation', although opinions may be
divided on the beneficience or othervise of these techniques
of agriculture. With the grouth in population and the falling
tcarrying capacity' of land, these traditiocnal techniques which
might have served usefully the society, have outgrown their
utility; because the socic-economic context has changed or

are changing very fast,

. Hoyever, little scientific data and enalysis have been
carried out in these areas in terms of the nature of land uses
and the charscter of soil quality and degradations of land
under the accentuating ecological stresses end strains to vhich
these areas have been subjected in recent times, It may be -
further noted that being ‘non-cadestral’ and *non-land-recorg’
areas any accurate information on land uses and soil producti-

vities are totelly unavailable. The secondary information
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dished out by the State Statistical Bureaus are at best ‘infor-

mational guess works's

It is with this background that the present study for
soil quaiity of the West Khasi Hllls District of Meghalaya,
one of the most vulnerable (ecologically) areas of the region
vas underiaken. The main objectives could be outlined as the
following: o

a) Regionalization of West Khasi Hills District into
ecological zones. | | _ |

b) Classification of the larger ecological zones‘intq
landfecets, and |

c) Finally, collect scil samples from ccological zéﬁéé A
and landfacets (by stratification) and classify soii
samples to finally prepare soil ratings and mép.them.

On the basis of relief, topography, slope, drainage end
vegetation the district was divided into ten ecological zones
out of which six gones were taken up for detailed study. The
-ecological zones vere divided into a number of landfacsts‘on‘
the basis of four categories: (a) the valley land, (b) the
gentle slopes, (c¢) the steep slopes, znd (4) the crést. lengs.

In all, 72 surface samples (depth of 9") were collected,
18 cach from the four landfacet groups and 12 each from the six

ecological zones, The charactéristics of these soil samples
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were grouped into 3 main groups viz. (a) physical charscteris-
tics (texture, colour and structurs), (b) chemical characteris-
tics (pH, N, P, K and Organic Carbon), and (c) Site characte-
ristics (topography, Slope, altitude and vegetation cover).
These tuwelve variables representing the principal three groups

" "of soil characteristics have been composited into soil rating

- dndices in tuo stages, first compositing ét the group level

.. and then, the group indices to the final Index (I), The tech-

nigque for preparing the composite indices has been Kendall's
Principal Component Method,

5.2 With the increase in population and without any signifi-
cant availability of other avenues of employment, there is a
~consistent pressure on land, particularly, its extensive dimen-
‘sion in the district. With persistence of traditional agricul-

tural practices among which the shifting agricultural technique
~is predominant-tbere is a constant quest by the native popula-
'tidn for additional areas for agriculture. Most of the valley
‘lareas and gentle slopes have been already put under agricultu-

ral practices and nov it is the steep slopes and crest lands
 where deforestation, at cne hand, and égricmt;ural colonisation
"on the other, is taking ylace at brisk pace.

From ecological point of view, steep slopes are not only
the most difficult to manage but also the most vulnerable
because of 4ts high risk for quick soil erosion and therefore,
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degradation of land. The position of crest lands is similar
if not to the same extent. It is with this situation in mind,
the present study was contemplated to assess the situation of
soil status under different micro-ecologies (Landfacets) and

macro-ecologies (zones) of the West Khasi Hills district,

_ To a great extent, the findings of the study do substan-
tiate the above points of view.

1. It hes been ascertained that out of the three groups of

. Soil characteristics namely, the physical; the chemical, and

- the site characteristics, the later two are highly favourable
. - to the valley bottom and gentle slopes_léndfacets of district.
The physical characteristics, are not as favourable to the
valleys and gentle slopes, although the textures of finer, the
‘colours deeper (Deep Brown) and the structures strong. From

the availability of chemical nutrients, valley soils are the
best with high NPK status and availability of larger formationms
..of humus and therefore; the presence of organic earben.‘However,
.tbe.pﬂ status of the emtire district is highly acicic and
therefore, it hampers‘the process of nutrients transfer (éations

exchange) from soil to plants,

There 15,3150 a 'gradation' of soil properties from
valley bottom facets to gentde slopes to crests and finally
to the steep slopes éo far a8 chemical & site characteristics
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are concerned. Sb far as the physicél characteristics are con-

cermed the gradation is of the véverse order,

24 Ihe overall positicn of soil status as indicated by the
final Soil Rating Indéx (I) indicates that valley soils are
the best with an average index value of 1.866 compared to 0.339
- of the gentle slopes, nearly five times. On the other hand,

" the soil status is unfavourable in the crest lands with the
‘average Scors value of =1.521 and the steep slopes vith average
score value of =1,158, These score values are to be interpre-
ted with the average being zerc and Standard deviation being
unity i.e., the final index being a ‘normalised vector', There-
fore, there is substantial difference between the soil status
of valley and gentle slope lands and those of the crests and
steep slope 1land of the district.

"3. When interpreted ecological zone-wise (there are six
contiguous ecological zones which have been undertaken for

' study out of the total of ten zones in the distyict), it is
noticed that the soil rating status of four ecological zones
naﬁely,laambrai Zone, Nengstoin Zone, Mawkyruat Zone and Maw-

' synram Zone are relatively poor. It may be pointed out that
ﬁbese ares contain less of valley areas and more Steep slopes
and high kill ranges. he Mairang Zone and Balat Zone contain

. OR an average a better Soil status as indicated by the presence

of 66,7 percent and 75.0 percent of good or very goo? Soils,

el
o
e
r'/r

-
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respectively. On the other hand, the Nongstoin Zone has 75.0
percent of poor soils. Mairang end Balat Zones bave a larger
p_ércentage of valley arsas. The Mairéng Zone 1is also agricul-
turally the most developed in the district with a large area
devote& to cash crops, particularly, potato, which is grown in
two seasons, This Zone is also highly populated, The Balat
Zone is in lov altitude with a number of rivers draining into
Bangladesh through this zone. However, the Zone as a whole,
although very suitable for agriculture has lost its former
importance dus to the partition and restrictions on border

trade, -

5 3 Overall, it can be said on the basis of the analysis of
soils from a large part of the West dhasx Hills district that
the valley soils and soils on the gentle Slopes are the most
‘suitable for agrncultural purposes,; although they are acidic
end the farmers might be required to buffer the acidity by use
of alkaiic matters 1like lime treatment etc, The soils are also
‘deficient in phOSpboruSA(P205) although nitrogen (N) and potas=-
sium (K,0) are Felatively adequate. Comversely, the steep slopes
ang the crests are poor in soil quality and deficient in physi-
cal and chemical compositions. It may Seem pedestrien that
something - which the farmers bhave empirically assessed over years
has been proved scientifically here, But, it has to be seen
that the quality of valley and gentle slopes which have been
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rigorously cultivated, have not been siigptif%gally studied
end this study provides details about fhe sopl qualities. On
the other hand, the stesp Slopes and the crests which have
been, recently put under cultivation due to shortage of land
are extremely vulnerable from ecological point of view ( in
this case soil) and needs to be kept under natural vegetation
cover. Hovever, this study does not conclusively say about

the relationship of deforestation with that of soil degrada-
tion in the steep slopes and crest lands, due to the limita-
tion of the scope of the study. Howevery, it is of common know-
ledge that a large part of West Khasi Hills District is subjec-
ted to iarge scale clear cutting of its natural vegetation in
the past decade or sc. ihe Nongstoin Zone, which is one of the
most ravaged arsas, so far as deforestation is concerned, indi-
cates the poorést soil status among all the six ecological

zones studied in this dissergtation.

Sei+ The major limitations of the study are:

i) That the soil samples correspond to one time period
due to the temporal scope of the study and therefore,
no time scale comparison is possible to indicate the
process of soil degrgdation or otherwise.

i1) This study also suffers from the limitation of not
covering all the areas of the six zones largely
because of logistics in carrying out sampling at a

larger number of sites.
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However, the study differs from the available scanty
governmental statistics om soil largely by the fact that while
the latter concentrates on sampling from agricultural fields
alone the present study has a comprehensive coverage over the
entire area including different ecological zones and various
lendfacets, This type of study'is also important, since, it
generates field based scientific data in s region where there
is severe peucity of data on land and agriculture, Further,
these areas being constantly subjected to ecoicgical stresses
and strains in recent times, is of importance that ¢hough
sciengific studies are made not only to assess the nature and
trend of ecological degradation but also to indicate methods
of preservatlon, management and conservation of natural resour-

ces of the reglon, particularly, land on which the dependence
 of the local tribal population is overuwhelming,
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A, PRINCIPAL COMPONENT ANALYSIS
(After M. Kendall)

1.1  Suppose that we have observations of P variables X on
each n individuals. Now, an attempt has been made to simplify
the situation, uhether it is possible to find some heu varia-
bles E,, é cs0s00ss0000 §p which are linear functions of
the X's but are themselves uncorrelated. In fact we look for
P~ constants 1gg (45 § = 15 eeeeey D) such that

PN TR R CR
J=1
If the X's are measure& from their means, the sum of
any X.i over the n}individuals is zero and hence, from (1.1),
the same is tyrue of any %1. We now imposSe the condition that
the E"s be uncorrelated, i.e. that

Y Y
B( g ) g) = B = 1, X = 1 =0
| i keq 31k 7k Pt ,j,m)%n ’

1 £ ceeee(1.2)
This equivalent to,

P
' P
kyay 1a B ) = = ey 116l = 05 ee (123)

Where Cyn s the covariance of X, and X . He note fram (1.2)
that this imposes 3p(p-1) conditions on the 1's, Thers are P2
of them, 80 we can impose a further pz-ép(po‘i) conditions and



still find a solution. We have to impose the condition that
the transformation is self-orthogonal, i.e. that

b
iﬂ liﬂlili =0, J#£k
' 4 = 1’ . 3 =k *0scesso (10!"‘)

This tius absorbs the ép(§+1) degrees of freedom in the
transformation, so that under these conditions there will, in
generél, be only a finite set of solutions,

Geometrically, the orthogonality conditions (1.4) mean
that in the First Space we are looking for a rotation of the
co=0ordinate axes about the origin, The relations are most con-
veniently expressed in matrix form, Representing the X's by
 the cblumh (P.X'1):Vector X and similarly for the 1;'.ﬁa, we
bave, corresponding to (1.1) |

§=m sescao (105)

The orthogonality conditions (1.4) are equivalent to
12.:o - I (X X N} (1.6)

Where 1 is the identity matrix (i.e. af X P matrix with units
in the diagonals and zeros elsewvhere). If we premﬁltiply (1.6)
by 1* and postmultiply by the inverse of 1%, we have equiva-
lently

127 =1 seeess (1.7)



It will follow from (1.5) that
= 1° § XX X (108)

For the covariances of the §"s we have, corresponding
to (1.3)

BS5) =B {1z o }=B @) =11t = AL (109)

Where N is a matrix with zero off-diggonal elements and with
-diagonal elements Nqy 7\_2, ecsse ]\p representing the variane-
ces of the g;°3. Premultiplying (1.9) by 1', we find that,

CI' = lﬂ]\ o‘ooo'a (1010)

In full this is,

:-c c 909 c -= g.l 1 [- X N X J 1 -;
E 1 i2 | _1p ; 3 11 21 p1 g
[ e [ ; []
5 021 622 PR 029 g g' 112 122 coeo 1p2 !'

[ ] 1 [ ]
§ o0 o 00 s oo o ; : eeo o0 0 6o ooe :
9 ] ] ?
b S o :

) . ] [} . i .

g T o - - L : N
r b ] " -
§111 g eee 15 f. ;' ™ '
'L L ' '
i 145 lop tees 1t No E

= A ! H 1 (2.11)
: oe o o e - - - 3 @9 0 : : o000 :
' ' T '
' t ? '
§11p 129' Coeee lpp [ Np
b ¢ = i -



Bxpanded in full this would give us p° equations. Consi-
der the subset of P derived from the first coiumn in the matrix

product:

Ciqdqyq * Cyplin + eee +Corly =144 7

Coqlqq * Coplyp ¢ eee +Condyy =yn Ay

Cp1111 <+ Cp2112 + ove + Cpp11p = l1p;\1 oo-(1.12)
or,

(€49 = My)hyg # Cyalyp + wee Cpdyy =0

1 o

ip =

, (c . = N el

oeo LR : coe %o o

Cpaleg % Cpolyp + eee  + (Cpp =10 =0 L. (1.13)

Bldminating the 1's, .ve have,

g 011 °A1 " c12 XX C1p E
' !
} Coy Cog= Ny eev Cop ;
l : : =0 Y (1.11"')
: coe ooge ceo ece : ,
t , )\ :
o0 O - '
g, Cp1 Cp2 “po 1

'Or, in matrix notation,

fcanIf =0 oo (1.19)



It will be found that the other eguations in N,y «.ee,
_Zyp are of exactly the sameAkind. Thus the required g's =

(the variences of the 5"'s) are the p roots of |

(2]
8
>
4
- DI

= 0 oooo‘ (1016)

The ;N°s are, in fazct the sd-célled eigen values of the
matrix C. The corresponding 1°'s are the components of the

edgen Vector.

The new functions g"are knoun as principal components.
They are uncorrelated limear functiocns of the original varia-
bles, In particular, if the original variables vere normally
‘distributed, the new variables §are nmot only uncorrelated but
independent. It i& remarksble that they have another useful
propetties. Supﬁbse that ve had approached the subject from
a different viewpoint end looked for the linear functions of
' the X's which have staticnary values of their variance., If one
of these is 3, expressed as
8= 5 1z veeses (1.17)
=1 .
Its varience is given by
P

Var 8 : z % ljlk COV(Xij) soecse (1.18)
=1 k=1



We require to find the stationary value of this, subject
to the condition

P
Z 1§ = 1 060600 (1.19)
=1
This is equivalent to an unconditional ststionary value
of

lelkcjk - 7\21? sevoe0e (1020)

Where A\ is an undetermined multiplier. Differentiation by 13
leads to |

| %:1 L8k = Aly =0 ceeon (1,21)
This leads to equation (1.16) with \ as ome of the
cigen valuess In other words, the linear combinations with
| étationary values are the péincipal components, If we christen
: ;the compénents according to'tbe'magnitude of their eigen
valucs (variances), we may say that the first component '31,

"has the lérgest possible variance of any linear functions;

- the secgnd; gé, hés the largest variance subject to being
ﬁncorrelated with ﬁhe first; the third has the largest variance
of linear functions which are uncorrelated with the first and
second; and so on, down to the smallest eigen value, which
: correSpohds to the linear combination with the smallest variance,
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