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I. Statement of the Problem 

~e physical environment of man consists of landforms, 

climate, water, soil, natural vegetation and native animal 

life etc. This resource complex is necessary for human exis­

tence. It provides· him w1 tb ll.ving space, with food and with 

a vast variety of raw materials used 1n the satisfaction of 

human_ wants. 

Land resource plays a vi tal role in the determination 

of man's economic, social and cUltural progress wtdch cou1d 

be easUy seen and clearly understood through reference to 

economic dev.elopment of different countries. In many parts of 

the world, tbe soil has been so damaged by mismanagement and 

abuse that it will never again be able to sustain a viable 

food production system.. Nearly, 5'0 per cent of the world popu­

lation depends directly or indirectly on land and land based 

resources for living~ Therefore, the assessment, management, 

preservation and maintenance of land resources is the most 

important task to. the present civill.zation. 

The mismanagement of land has led to sou erosion on a 

vast scale, or top soil, the most vital part necessary for 

healthy plant growth. 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, 1 t has b~en noticed that the good 

so1ls have been degraded due to climatic factors, its improper 

management and misuse. Deforestation is a major cause of soil 

erosion. The extent of annual deforestation of rain forests 

in India is about 80,000 to 1 9 00 1000 sq.km. (FAO, Soil Bulletin 

No. 30, 19??~?8>~ ~e scale of deforestation, not only makes 

ecol.ogical imbalance in our country but also causes the soil 

erosion and degradation. In India, one-third {NRSA, 1983) of 

the arable land is threatened 1Aii th total lOSS Of top Soil. 

The main ca·.su.ali ty of this process of deforestation is 

the hill areas of Nortb East India, where tbe soil is being 

washed by its fauJ..ty use pattern. It has about 4.94 per cent 

of closed fores·t (NRSA, 1983) cover. It is estimated that 

about 5.5 thoU$and sq.km. of additional forest is cleared 

every year 1n the r_egion (50 per cent of which is L__ Primar~-- >] 

forest) due to slashoad burn practices (P.s. Ramakr1s.tman, 

1985). At tiU.s rate, the primary vegetation would vanish from 
' . . 

this region within a span or 25'-30 years~ ~is ~ill distort 

not onl.y the ecology 1n this region but also wUl. degrade the 

·soli fert.ill ty. 

The pressure of population (at 3 per cent per annum) on 

the l.and and land based resources is increasingly tremendously 

1n the region apd as a result the tropical rainforest ecology 

is being converted to degraded grassland ecology,_ a transforma-
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tion both 1n the structure and as. wel.l as t~e functions of the 

system.. The gentler slopes and spurs wtdch. come usually under 

first stage shi.fting cUltivat1on (Jbumd:ilg:i) ~ have been severely 

degraded with the parent materials exposed and soU cover 

eroded due to shortening of the 'Jb~g.~~ cycl.-e' to less than 

10 .years. It is now the steeper slopes and crests of hills, 

. which are under severe strain of •slash and burn '• The gentler 

slopes are normally more fertile and have a greater soil reten­

. tion capacity. The steep slopes and the crests ecologies are 

most 'vulnerabl.e' and 1f not protected, get degraded after one 

or two of the shortened shifting cycles. 

This, particularly, is true 1n case ot \-Jest Kbasi Hills 

District or Meghalaya. A large are$~ or this district is totally 

_deforested and has given \-Jay to extensive degraded grassland 

vegetation with littl.e hope of reversal. 

1bere are al.so no accurate information available on these 

processes: 

a) the extent of·erosion of so11; 

b) the patte:rn and quality of soil at different stages 

of degradation and the quality of so1.1 at different 

slopes, valley bottom and crest landS. 

II. Obj~~t,.vee. 
' 

Keeping the significance of the problems to be investiga-. . ' . . 

ted in mind, . the obj ec~iv~s of the proposed study could be 

stated as follows: 



a) To prepare a cietaUed soU map of the· district on tbe basis 

of ecoiogical land units and variCDlifs degrees ot slopes and 

stages of degradation, 

b) To analyse tbe physical characteristics like - texture, 

structure, colour etc. and cbe.micaJ. chare.cter:1stics like -

liPK status, pH value, organic carbon etc. which have been 

·measured from· sample col.lections covering selected samples, 

and 

c) Finally, to prepare a soil rating index in dirferent ecolo­

gical zones and preparation of the soil. map of tbe district 

indicating degraded areas for their· suitable management. 

Besides these objectives, the following hypotheses have 

been proposed and tested in the study. 

1) i'ba t clearing and cul Uvation of steeper slopes ( > 1;o) 

and crest J.and.S lead to quicker removal of top soil and 

fall in fertility status of the soils• < 

11) · 'lbat the progressive desertification of the slope-ecology 

may lead to sharp degradation of the valley-bottom 

ecol.ogy and the cultivation practices. 

iii) That arrested Jhum cycles (5-10 years) and shortened 

cycles ( < S. years) aliow for large nutrient.s loss from 

the soil, and distort the soil characteristics. 
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III. Methodology 

The plan of 1aork bas been divided into three parts_: 

a) Maps. 

b) AnalysiS of soU - :1) Soil. Sampling. 

:U.) Physical Cbaracterist:ics, 

:111) Chemical Characteristics. 

c) Soll Rating Index and Soil Classification and 

Mapping. 

(a) l-1aps 

The following maps tiere prepared for the study: 

1) Rell.e.f mapo 

11) Vegetati.on map. 

iii) Drainage map. 

iv) &lope map. 

v) Geological map •. 

vi) Map of the I>lajor Ecological Zones of the district. 

:~b) Analysis of &>il.: MethodS 

1) SoU Sampl.ing : Using Compos! te Soil. Sampling Method. 

11) ihe physico-chemical properties of the soil.s are deter­

mined by employing standard methods. Wi tb the help of maps rela-
I 

ted to rel:ief 11 slope, vegetation, drainage and cl.i.mate 10 major 

ecol.ogical zones of the district have been identified out of 

~ilicb six zones have been selected for deta:iled analysi.s. At 

mic~level. land facets have been identified on the basis of 

the following criteria: 
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1) Valley bottom, 

i1) Gentle sl.opes 9 

iii) Steep slopest and 

iv) Crests. 

Keeping in view, tbe topographical characteristics qf 

landfacets, ?2 landfacets have been selected from siX ecologi­

cal zones. The six ecological zones cover more than "?.rtn per 

cent of the total geographical area of the district. 

There are t"Welve variables which have been identified as 

the most important ones and obtained by field collection and 

measurement of physical and chemical characteristics of the 

so:i.l and by observation of site characteristics of the samples. 

All the twelve variables have been classified into three groups. 

Group A: Physical Character.1st1cs. 

X.,: Texture~ 
x2 : structure 

x3: Colour 

Group B: Chemical Characteristics. 

X,.: pH value., 

x5: Kg/Ha of Nitrogen (N) •. 

X6 .: Kg/Ha of P 2o5 •. 

X7: Kg/Ha of K2o 
x8 : Kg/Ha of organic Carbon 



?
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Group C: Site Character~stics. 

~~ Altitude. 

~0: De~ree of Slopes~ 

x11 : Vegetation Cover•. 

x12z Topography~. 

~e .. S:>il. Rating Index attempted in the present study is 

by v;a:y of combining ·the above twelve variables ~to, a numeri­

cal Composite Index using Kendall's Principal. Component Analy­

sis technique. This bas been done in two stages. First, by 

grouping the variables at the level. of the three sUb-groups 

and finally, combining the subgroups into the final composite 

index :indicating the overall. rating status.: 

. 
IV. From the above study, the following findings can be 

observed: 

The Composite Index {I) i.e., of the three subgroups A, 

B and C for the 72 soi1 samples shows a consistent gradation 

of index values from hi.gh pos~tive ~n 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. cbaracterist~cs of.soil in valley bottom 

facets~ In case of physical characteristics, there ~s an average 

negative value, because of the combination of all the three 

principal phys~cal characteristics. It has been noticed that 
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the val.ley bottom facets are five ti.mes more favourable than 

the gen Ue slopes, although the latter shows an average posi· 

tive value. There is a sharp dec~ine of all the three charac­

teristics of soil in the steep s+.opes and crest samples. 

'lhe Clay (C) categocy of soil texture dominates the 

samples with an overall share of 4?.3 per cent. The second most 

dominant textural class is the Loam (L_)~ Sandy Loam (sL) domi­

nates this group by 15.3 per cent 1n the aver~ share. The · 

soil. textural. map shows that out of six ecological zones, Zone~. 

· 1 , 3 and 4, t-Jhich are predominantly highland areas, are domi-
' nated by Sandy (S) and Loam or Loam group of .Soil. ~capt the 

isolated valley facets, where clay group can be observed. on 

the other hand, ecological zone 2 9 5 and 6-, t1h1ch are predomi­

n~tly valley areas and low lands, are dominated by clay group 

of soils except the isolated spurs \ibere, the loam or sand 

group can be observed. 

The Brotm (B) Colour Soil (10YR5/3) dominates the samples 

with 15.3 percent of share VJitbin the 19 classes of soil co­

·lours. On the other hand, the brown group of soil. has a signi­

ficant dominance "lith 90.5 per cent o.f the share of samples. 

Thi.s overall dominance of bro\<Jn group might have resulted due 

to several ractors, such as, the presence of large humus content 

in valley so1l.s, presence of semi ... decomposed and unconsolidated 
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biotic matter in vall.ey and gentle slopes, and forested sites, 

presence of iron oxides which diluted with humus under moist 

conditions would provide brownish colour etc. 

There is a distinct spatiai distribUtion within brown 

colour group of so:l.ls. In the slope areas :1.. e., gentle slopes, 

steep slopes and crests, are domiriated by Brown, Dark Brown 

(Db) and Strong Brown ( Sb) colour of soils. On the other hand, 

light brown (Lb) and Pale Brown (Pb) colour of soils are found 

in the lowlying areas, particularly, valley bot tom landS~ This 

is because the valley soils are dominated by greater percentage 

of humus in the top layers as well as the greater percent~e of 

clay particles, \dlereas, the slope soils are dominated by sand 

and loam textUl .. es with presence of quartz,· sUica, with a fair 

amount of ferrous oxide (Fe2o5) which gives 1 t a dark brown 

and reddish brown colour. 

The Soil Rating Status (Ecological Zonewise) 

The Ecological Zone 6, 1. e. Balat Zone, has the best qua- . 
j•• 

lity of' soil (among the Six ecological. zones) indicating 5'0.0 

percent of very good soUs (IV) class. ntis may be because of 

low altitude and mixed deciduous forests -which could conset'Ve 

the nutrients from erosion, clay dominance of texture and 

higher humus availability. It has al.so a significant percentage 

of good soils (III) and medium (II) quality so:U classes and 

there are no samples belonging to the low class i.e., very poor(!) 
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so:ils. The status'IIJ'ise the second highest zone is the Maira.ng 

Zone i.e., Zane 5, bas 50.0 percent of samples under good 

so11s (III) category, with 16.? percent as very good (IV)wsoils. 

This is because of the extensive vall.ey bottom (flat) landS 

with small hill ranges 9 Which are tully utilised for cultiva-

tion. 

The Zone 5, i.e. 9 Mav1synram and its annexa zone has come 

the third best zone in terms of soil quality, indicating 33.3 

percent of good soils, 25.0 percent of very good soils and 

16.? percent under the poor quality of soils. It is because of 

the gentle slopes, the mixed forests maiill.y bamboo interspersed 

with a great many river valleys and valley solls. The percen­

tages of poor soil category (I) in Zone 19 3 and 4, are much 

higher and therefore, dominance of below average quality of 

so11s. The soi1 quality is generally poor in ecological Zone 3 

i.e., Nongstoin Zone ~4th ?5.0 percent of poor quality of soils 

(I). The occurrence of poor soil is very high because of its 
. 

topogra,phical. characteristics. This Zone is largely a platea:u 

top Bitb high bill ranges and sparsely distributed. pine vege­

tation. 

Soil Rating status (Landfac·ets-w:i.se) 

The Soil Hating Status (La.nd.facets w"ise) Shows 77.5 per­

cent of very good qua.J.j,ty of sons under valley bottom lapdfacets. 



The gentle slopes have 22.2 percent and 44.4 percent of very 

good quality and good qual.ity of sons, respectively. In case 

of steep slopes and crests, the very good quality of soil is 
~.. . .. 

less (very good zero in both cases and good soUs 22.2 percent 

each)~ ~erefore, 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 'Jbum' cultivation, tbe upland sons 

have been degradation. 

V. It can be general.~y concluded from the study that ,yhile 

valley lands and gentle slopes have the most suitable soils 

the steep slopes and the crest facets indicate poor quality of 

sells. This may be due to the con Unued deforestation of these 

ecologies and quick degradation in land quality. ~ere are also 

inherent deficiencies in soils of steep slopes and crests due 

to the shallot-I depth of soil and low retention capacity._ ., . 

Among the ecological zones'· the highland zones (four) are 

the least fertlle, \dlile Mairang and Balat Zones ~hich contain 

a large number of river valleys are the most fertile. 

Although one cannot be absolute sure about the relation­

ship between deforestation, land degradation and soil quality 

changes due to the one-time-point nature q.f ·the study, but there 
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are sufficient indications to surmise that. the relationship 

still holdS good. Moreover, the steep slopes and the· crest 

lands are the most vulnerable from ecol.ogical point of view 

and needS greater land management measures._ 
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1.1 ijtatement of tbe Problem 

Tbe physical enVironment of man consists of landforms, 

climate, W'ater, soil, natural vegetation and the native animal 

life. This resource complex is necessary for human existence; 

it provides bim \vith living. space, \v1tb food and '-'lith a vast 

variety of ra'ti materials used in the satisfaction of human 

wants. Land r~sources play a strategic role in the determina­

tion of mants economy9 social and cultural progress which could· 

be easily seen and clearly understood through reference to 

economic development of different countries. It has been 

noticed that in many parts of the world, the soils have been so 

damaged by mismanagement and abuse tbat it will never again be 

able to sustain a viable food production system. Nearly, 50 per 

cent of the world population depends <U.rectly or indirectly on 

land and land based resources for their living. This dependency 

is more ;;Jignificant in terms of the .developing countries than 

tbe developed countries. Therefore, the assessment,. management, 

preservation and maintenance of land resources is the most 

important task to the present civilization. 

1be mismanagement of land has led to soil erosion on a 

.vast scale, i.e. the physical loss of the upper layer or top 

soil, the most vital part necessary for healthy plant gro~tb. 



Once this top so:il or l.aye.r bas been lost, it is for all prac-
i 

tical purposes, gone for good. For examplet even under natural 

conditions of cover9 it takes .from 300 to 1000 years or more 

to ge.7lerate an inch of top soil, and it tiould need 2000 to 

?000 years to generate seven inches of top sou;. 

Bistoncal ev1dmce :indicates that in tlle Eastern I4edi­

terraneen region during Homan times millions of hectares of 

land became desert; 1 1n China, vast areas became . eroded and 

aba.ndonedf) and as recently as 1934 recordS incu:cate that tbe 

Yellow River .carried silt washed down from cultivated lands 

eqUivalent to soil one metre deep, over 145' 9 000 hectares. In 

Latin Ameri.ca., there are densely popl.Alated . areas were the 

soil is very .susceptible tq erosion and losses have been so 

high as to place . at least . three . countries there. among the low­

calorie areae of the ~orld. 

In cuse of Illdi.a also, it bas been noticed that· the good 

soils have been degradecL dUe to climatic factors, its improper 

management and mtsuseo He:re 9 in Ind1a9 deforestation is a major 

cause of soil erosion. ~e extent of annual deforestation of 

rainforest in lnd1a i.s about 809 000 to 1 9 009 000 sqokm. 2 This 

1 o "Soil Conservation for Dayeloping Countnesu in Soil Bulletin 
Noo]O, FAO, 19?? & 19?8 .• 

2o F.A.0~ 9 QPscit. 
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scale of deforestation, not only makea eco1og1cal imbalance in 

our country but also causes the soil erosion and degradation. 

It can be me.nti.oned here that in India, one-tb1rd3 of the 

arable land is threatened l'Jitb total loss of top soil. 

The main casualtty or this process or deforestation is 

occurring in the hill areas of North Eastern Region of India, 

\1i11ich is Toeing "asbed. aoay by its faulty use pattern. It has 

ab·out 4.94 percent of c~osed forest4 cover, but of these forest 

are second.a!'y vegetation, the 10 years old bamboo shrubs deve­

loping aftl3r shifting cUltivation.5 It is also estimated that 

about 5.5 thousand square ki~ometres of' ad.CU.tional forest is 

cleared every year in the region, 50 percent of ~hich 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. i'hi.s will distort not only the ecology in this 

region but also will degrade tbe so:U fertility. 

The pressure of population on the land resources and land 

based resources are increasing tremendously in the region. Gra­

dually, the tropical rainforest ecology is being converted to 
I 

degraded graasland ecol.ogy, a transformation both in tbe struc-

ture and as \'iell as the functions of the system. This process 

3. l"Le Kamal, "SoU E:rosi.on Threatens \'llorld Agriculture", 
Mazingira9 Indian Edition, V oJ.. 8, No. 3, 1 984-. 

4. National Remote Sensing Agency, 1983. 
S. P. s. Ramakrisbnan, "Tribal l'lan in tbe Humid Tropics of the 

North-East lndi.a", Man in Igdia, Vol. 65 9 No.1, l4arch 1985. 
6. P. s. Ramakrishnan, Op. gi t. 



is similar both at the lotv-J latitude as well as the bigh alti­

tude rainforests. The pressure on tbe land is progressively 

increasing with a exponential rate of grollitb of population at 

3 percent per annum. 'lne g~tler sJ~.ope and spurs ,'lrltlich come 

usually ··under first stage sbifting cultivation .(Jburbirig.}; have 

been seve:cely d~graded ,.;i th the pal"ent materials Em!X)Sed and 

tbeir soil cover eroded due to shortening of the ..!trnuming 

cycle to les~ than 10 yeors. It i.s now the steeper slopes and 

crests of hills which are under severe strain of' Sla$h and 

burn. The gentler slopes are ·normally more fertile and bave a 

·greater soil retention capacity. lbe steeper slopes and the 

. crests ec·tilogies are the most vulnerable and if not protected 9 

get degraded after one or two of the shortened shifting cycles. 

Tbis 9 particularly, is true in case of West Khasi Hills dis­

trict of Heghalaya. A large area of this district is totally 

deforested and has given way to extensive degraded grassland 

vegetation ~itb little hope of reversal. 

there a:re also no accurate i.nfomation available on these 

pl"'cesses: 

(a) The extent of erosion of soil. 

(b) :rhe pattern and quality of soil at <U.fferent 

stages of' degradation. 

(c) lbe quality o:f soil at different slopes, vaJ.ley 

bottom and crests. 
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1.2 Objective of the ~tudy 

The main objectives of the present study are as the 

follOWing: 

(a) To prepare a deta~led soil map of tbe district on 

tbe basis of ecological landUDi t$ and a.t tba various 

degrees of slopes and stages of degradation. 

(b) To analyse tbe physical characteristics like, 

colour, texture, porosity, depth of horizons, thic­

kness of humus etc. end chemical characteristics 

like ,availabl-e NPK status, pB value, available 

carbon content, etc, wbicb ~111 be measured from 

sampl.e collections covering selected ·sample areas. 

(c) Finally, to prepare a soil rating index in different 

eco~gi.C?al zones and preparation of the SOil. map of 

tbe district indicating degraded. areas for their 

suitable management. 

1. 3 Hypotheses and Research QUestions 

1.3.1 Hypotheses 

The .folloTaing hypotheses have been proposed to be tested 

in the .study: 

(a) That clear-lng and CUltivation of steeper slopes 

( ~10°) and crest lands lead to quicker removal of 

top soil and f'all in fertility status of the soilo 



-6-

(b) :lbat arrested jhum cycles ( ~ 5-10 yrs) and shortened 

cycles ( t:... 5 yrs) allow for large nutrients loss from 

the soil, end distort the soU characteristics. , 

(c) Tbat the progressive desertification of the Slope­

ecology may lead to sharp degradation on valley­

bottom-ecology and the cultivation practices. 

(d) 'lbat the clearing of the forest by burning 1n shift­

ing culUvation bas resulted. in increase of soU pB, 

available potash and calcium and decrease in organic 

carbon. 

Besides these hypotheses, there are a few general researcb 

quarries Uthicb shall be attempted to be studied. 

1.3.2 Research QUestions 

(a} t•ibat ,.,;ill be tbe NPK status in different ecological 

landlmita? Does it vary along 1aith slopes and stages 

of degradation? . 

(b) vlhat 1s the effect of altitudes and topography on tbe 

physico-chemical properties of the so11s,? 

(c) Are there any differences among the soil. texture, 

colour, and depth of horizon in relations to steep 

slopes, gentle slopes and valleys? 

(d) Ho\-I tbe soU texture is governed by the parent 

materials? 
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1.4 Study Area 

l•or the present analysis, tile study area, chosen, is a 

district of the State of r>1egbala.ya which is the t.Jest Kllasi. 

Hills distr.ict. 

(a) Locetioo 

The l<Ie.st Kbasi Hills district is situated in tbe \!Jest 

of East KhaSi Hills d:A.s·trict of l·1eghalaya. The district lies 

bett1een 25°10'N to 2'051 'N Latitude and 90~S 9E to 91°$2' E 

Longitude. The district headquarters is located at Nongsto1n 9 
.. 

at a <U.stance of 96 I\m from Sbillong, the capital of the State. 

:rbe district is bounded by East Kbasi Hills district of r1egha­

laya on the east, Kamrup d:Lstrict of Assam on the No:rtb 9 East 

Garo Hills and West Garo fii:lls districts of Megbalaya on the 

\~est and Bangladesh to the eoutb .• 

The map Ro. 1 sho~s the location of ~1e West I~as1 Hilla 

district of Negbalaya. 

In the di.strict 0 there are four .Community Development 

Blocks. lbey are l'·longstoin, t'1s.~s.bynrut (Sonapabar), Mat-Jkyn;at 

and lilairango ~hey provide the operational juri.sd1et1on of the 

d1stri.ct. 

The total geo~ra.phi.cal area. of. the district is 5' 9 24? sq. 

km:.:-'7 occupying about 24 percent of the total geographical area 

?,. Oovemmmt of. Megbala;ra, "Socio-Economic Review" t'llest Kbasi 
Hills ~strict 1981, Pistr1ct Statistical Office, West 
Kbasi H:,i;Us, Nongstoin. 
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ot: ·the .State of' Megbal~a. ~he district bad a total number of 

813 villages. 8 The district comprises of some of the ~ost back­

ward areas of tbe State. In 19?5-?6, the Government of Megba­

laya declared 432 villages of the di~t.riet as nr<fost Backward" 

and another 105 villages as "Specially Bac!n;ard". 9 

{b) Geology 

-~e soils of the rJortb-Eastern Hill .. Region bave develop­

ed under: the i_.nfluence of many types of bed-rock conditions. 

~e major .areas of K.bas1 Bills have been formed of. gneissic 

rocks. 10 Tbe rocks comprise m~ly of: 'biotite-gneiss, biotite­

granulite, tourmaline schist etc. 

The rocks :in ~ieghalaya belongs to five geologic8l 'forma­

tions.· These five ··formations 11 are: 

1) The Archaean Gneissic Complex, 

11) 1he Lower Gondwana lroCks, 

111) The Syl.het ~ap.s, 

iv) lbe Shillong ,Group of Rocks, and 

~) ~e Cre~aceous Tertiary ~d1ments. 

Table No. 1.1 shows the Geological formation and the rock 

types of t-1egbal.aya. 

8. lbid~, p~ 2. 

9. Jb1d.' p. 2. 
·10.-G.s.r., 1:l;Lsg._Publicat1op, No,. 30 (19?4), Part IV, pp.?0-?5. 
11'• T. ·Oldham, "Notes on the Geological Structure o:f the part 

of tbe Khasi Bills: ~1emo", G. s. I. Vol. 1 9 No •. 2. · 



l'!!b;\e No •...is.l: G§glo[!ioal Fgrmation and !lock Tmes 1n l·1egb{M~ 

~---.~c;:aa. ---· ~ .-...-- -=---......... 
' ' ' Geological : Group. : FoTmation : Rock Type 

Age : : : 
-------------~ 

...... _______ ...... __ .........,:Cll. __ ...........,_.. ____ _ 

Recent Ne1r1 Alluvium 
(Thickness 
not kno~) 

Unclassified Sand, Silt, Clays 

• - ~ - ~ - - - • - - ~ ~ - - - _Unconfo~ity o ~ - - ~ ~ ~ - ~ - ~ ~ o - ~ - ~ ~ - ~ ~ ~ 
Pleistocene Older Alluvium 

(Thickness not 
known) 

Unclassified . Sand, Clay, Pebble, Gravel and 
Boulder deposits. 

- - - o • ~ • o ~ - - • o ~ - ~ Unconformity - ~ ~ - ~ ~ ~ - - - ~ ~ ~ - ~ ~ ~ - - ~ - -

Mio-plioeene 

•Doo·•c=t 

Oligo­
Miocene 

Eocene 

Dupi Tila group 
( 1050 rn) 

~ - 0 0 ~ ~ - - Q -~ 

Garo Group 

Jain tia Group 

Unclassified 

Unconformity c ... - ... 
Chengapara formation 
(700m) 
Baghm.ara formation 
(53 0m) 
Simg sang formation 
(1150m) 

... -
t·1ottled. Clays, F'eldspathic 
t»andstone 9 Conglomerate. - ... - - ~ ~ ... - - - - - -- - ... 
oand, ;:)1ltstone, Clay, t1arl. 

F'eldSpathic Sandstone, Pebble, 
Conglomerate, Clay. 
diltstone, oandstone, alterna­
tions cando 

l<op111 formation (5POm) S.bale, Sandstone, Marl. 

Qbella formation (600m) Alternation of oandstone, 
Limestone. 

Langpar formation (100m) Calcareous tihale, Sandstone, 
Limestone - - ___________ .. 

~ 
'-0. 



_.:fableNo__,.J 1 1 (Contg.,)_ _ _ -·--
' t . I Geological : Group : .Fo·rmation : Rock Type 

Age I - j - I ------·------·-----
Upper 
Cretaceous 

Khasi Group 

CDCiiltG~CDO CD - C:t Ct - Ct 0 Q 

Jurassic 

c. - 0 0 0 .. -

Pre­
Cambrian 

Sylhet Group 
(600m) 

Qll Ct c:. ~ c;a c;a- c. 

-

l--iabadek formation (150m) Arkose (Glauconitic) 
Bottom Conglomerate forma- Conglomerate, Arkose 
tion 
Jadwtata Formation (140m) 

.,. Unconformity ... -C.CIIOC.CII 

- Unconformity - - - - - o ~ 
Intrusives {acid & basic) 

ciandstone, Conglomerate alterna-
tion~. · 

~ ~ ~-- ~ ~- ~- ~ ~ -·-- - --
Basalt, Rhyolite, Acid Tuff. 

~ ~ - ~ - ~ ~ ~ ~ - 0 ~ ~ - - - 0 0 

Porphyritic & CoaN~e Granites 
Pegmatite; Aplite! Quartz-Vein, 
Epidiorite, Doler te 9 Basalt. . 

clhillong Group Quartzite, Phylita, Conglomerate. 
- 0 - ~ - 0 G a 0 • - ~ - - ~ Unconformity ~ ·- - Q Q ~ ~ ~ 0 - ~ ~ ~ 0 a 0 ~ - ~ ~ Q ~ ~ ~ ~ 

Archaean Gneissic Complex Biotite, Gne1ss ... Biot1te-Homblende~ 
Gneiss, Granitic Gneiss, Higmatite~ 
t:tl.ca tie.hist 9 Sillimanite-Quartz, 
dchist 9 .i3iot:Lte Granulite 9 Amphi­
biotite, Pyroxezle Granulite, etc. 

-..aMq.a=-~--~--~~=-~--~--~~ ---------------
Source: Geological Qurvey of India, i·11sc. l?u-blicstion No. 30 (19?4) Part .... xv, p. 73. ·· 

~ 

e 
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ibe rocks of the \~est K.basi Hi~ls district of Meghal.aya 

is also formed from above mentioned five geological formations. 

Tile l4ap No. 2 s11o~s the distribution of different types of 

rocks i.n tbe district. 

(i) Archaean GneissJ.c Complex 

This iU"'chaean Gneissic Complex occupies the major portion 

of tbe. district. 'lbe rocks in this complex are biotite, gneiss, 

quartzite, schist, sillimanite etc. ~ey are composed of mainly 

gneisses mignatites and meta-sedimentary beds • 

(11) The Lotier Gond1;Jana Rocks 

lhe Lol'ier Gondtllana rocks are found in south-west comer 

of this district, wnere coal is ava.11able. In this Lo"t.;er Gon­

d~ana-coalfiel.d \:lith tbick coal seams, underlying the dolomites 

and phyllites. 12 

(iii) Tbe Sylhet Traps 

'Ibis type of formation is found in the southern· part c:ff 

tbe district. ~e direction of the formation is east to west 

bounded in a narrow strip. Balat area of the c:Ustrict is com­

posed of this type of formation.. Sylhet Trap includes predomi­

nantly Basalt, Rbytolites and acid tuffs.. Sylhet Trap and the 

adjoining Archaean rocks to tbe north are characterised by seve­

ral Basalt Dykes. 

12. D.N. Hadia, GeologY of...l.!:!9!§, 4tb Edition; Tata McGraw-Hill 
Publishing Company Ltd., New Delhi, 19?5, pp.1?2-180. 
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( 1 v) ibe Shlll.ong Group 

In the eastern part of the district, ~illong Group of 

rocks are found. lbey are composed of QUartzite, Phylites, 

Schists·, Conglomerates- etc. 

(v) The cretaceous-1'ex·tiary dediments 

1his· formation occupies tbe southern parts of this dis­

trict. 1'be rocks ai·e mainly sandstone, shale, and limestone. 

'llds .formation is divided :into three groups: 

(a) 1he lUlasi Group, 

(b) lbe Jaintia Group,. and 

(c) :!be Garo Group. 

{a) The Khasi Group 

The t{basi GrJup, again divided into t~o formations: 

(i) Tbe Mahadelt, and (:U) lhe JadUkata formation. 

The Jadukata f'orrnation consists of alternation of Conglo­

merate and. limestone. lt overlies non-conformably the Sylbet 

Trap and occurs to the north of the Rib a FauJ. t. lhe t!lahadek 

formation consists_or coarse arkose rocks 

(c) Physiography 

· Among the seven ~tates 1n the North Eastern Region ·of 
' 

lnaia9 Neghalaya is one of the most rugged dtate in the region. 

It is fuJ.]. of ttllls., valleys 9 piateau and rivers. In the north 9 

the small hillocks a1 a found and \vbich merge ~ith the plains of 
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Assam. In tba south, tbe slopes are very steep and there are 

deep gorges and spurs. ~e middle portion ot f.-1eghalaya, i.e. 

plateau proper, looks like an imposing table-land liith steep 

escarpments and deep valleys bordering the Sylbet plains of 

Bangladesh. 

Pbys1ograpb1call.y9 the district can be divided into 

· three main physical zones, i.e. 

(1) the Central Highland, 

(11) the Southam Slopes, and 

(111) the Northam dlopes. 

~~ No. 3 sho~s the physiographic zones of 

Kbasi Hills district. 

{1) Tbe central Highland 

The oantral Bighl~d of the district fonns the westem 

part ·of the Ri Kbas1 (Sbillong) plateau of t.1eghalaya. 'ibis zone 

occupies the central portion of the district. J.1a1rang, Markasa, 

Nongstoin etc. lie within this zone. The second highest peak of 

Megbalaya, 'lbadraishan ( 1893 metres) is located in this zone, 

lying between l-1a1rang and Nongstoin. This Central Highland Zone 

climbs down gradually to meet the hills of ·Garo Bills at tbe 

elevations ranging from 1200 metres to 600 metres at various 

places. A number of rivers originate in this highland zone and 

drain both to the· north snd. the south. 
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(11) The clouthem cilopes 

The southern slopes comprise of a belt of lcn.;er ·hills 

and valleys.~ llanikor, Borsora etc. are situated in 

ttns zone. 1be hills in thi.s zone are in north-south alignment. 

In many places, the slopes are very steep starting and ending 

abruptly. Cliffs and prec1pies overlook gorgeous 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. 

1be Bongkhai, the Kynshiang and Uro Ng1 are the principal rivers 

flo"tJing soutooard through tbe western, central. and eastem 

parts, respectively. There are many smaller rivers and streams 

such as the lifah Butit, Wah Iaw, Um Wosar, Urn Blei, Um Waisar, 

Urn. ~am, and Ri.lang, which join the Kynsl:iang after criss­

crossing the central part of this zone. 

(iii.) The Northern &Lopes 

The ~lorthem ~lope Zone is a belt of low hills. ~e ele­

vation gradaally decreases north~ard to meet the plains of 

Assam at an elevation of 150 metres above· mean sea level. The 

Khri, Urn Synth19 Um S.ir1, · Um Kamra:n, Tyrsung and part of the 

Umtrew. a~ tbe rivers 1n the area. - -- - - .. - --

(d) Drainage 

A few rivers are flo~ing in the district. 'lhe Central 

Highland Plateau is the watershed zone and the rivers are flOti­

ing tou;ards north and south of. this highland. The major rivers 
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like
11 

'river Kynshiang, river Balat and river ~imsang are 

:flotiing towards tbe soutb and in the nortb 9 r.Lvers like Um 

Kri.siniya and Umtrew ti.ver are flol!1ing to the plain~ of Bral;l­

maputra val.ley • 

. It has· been noticed that these -rivers carry the nutrients 

rrom tbe, hill slopes and get depoSited in the valley area, · 

t-Ibich 1s suitable for paddy cultivation. Ebreover, the river 

\-later is the main source of drinking· water for the· hill people. 

(e) Climate 

~be climate of district is tropical to sub-tropical. In 

the f:lortbem Slopes . end in the oouthern Slopes 1 the experiences 

in summer is hot and tbe \'iinter is mUd. In the Central High­

~and, . there is prevalence oi.. temperate cl,imate with maximum 

summer. temperature general.ly not rising above 27°C and minimum 

iuinter ·temperature dropping down to as low as 1°c. 

~e follo~ing table No. 1.2 shows the Average Annual 

Maximum and l"ii.nimum TempeJ:'ature at important centres of the 

west Khasi Hills district. 

Table No. 1.2: t-iest KbasJ. Hills District 
Mailmum end t•11nimurn 1' 
in deg~e centigrade • 

Year·----~:----·-·~r~·;o~-f~m~o~'TO~·~n~~~------.rv--------~RbU~~J~GD~0~---------
1 t•!a.1 " I Hin J ~1ax ; ~11n. 

19?9-80 24.70 16.74 22.~8 15.2? 
1980-81 24.30 18.5'5' 22.11 13.6? 
1981-82 24.33 '18.16 23.25' 15.83 
19§2-83 23.?5 __ 36 ·22 24.41 15.o8 

. Source: District Statistical Abstrac; t<Jest Kbasi. Hills 1983. 
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The variation of temperature in four years at the selec­

ted centres is very U.ttle. In Nongstoin 9 the maximum tempera­

ture 1<>'as 24. ?o°C in 19?9-80 and in Riangdo 9 it was 24.41°C in 

1982-83. lbe minimum temperature is found 16.?4°C in 19?9-80 

at Nongstoin and 13.6?°C at Biangdo station in 1980-81. The 

four years maximUm and minimum temperature is sho\1-n by the dia- . 

gram No. 1. 

Rain.fall 

Rainfall is generally assured during tbe summer, but it 

vanes greatly in intensity and duration from region to region 

w1 th1n the district. Dle &>utb~West. f'ionsoon accounts for most 

of the rainfall. The Southern Slopes libicb face tbe incoming 

rain-bearing 'dnds, receive the maximum of rain.fall, recording 

an annual average of upto 12 9 000 mm13 in the eastern border 

near t-tawsynram. In the Central Highland, the annual rainfall 

averages 2 9 500 mm to 39 000 mm, whereas 1n tbe Nor:them Zone, 

~h1cb lies in the rain shadow area and the precipit&tion is 

less, recorcu.,ng __ as l.ow as 1,250 mm per annum at certain places 
'~. . 

in this zone. Dlere is· no_ ~ccu:rate data of the relative humidi-

ty, ava11abla, but it 1s learnt that December, January, F'?bruary, 

Marcb and April are the drY months when relative humidity 

-becomes as low a~ 5'0 percent. 'lhe re'st of the period of the 

year is more humid,· recording even 90 percent relative humidity 

tn June, July and August. 

13. Rainfall figures are collected. f:.-om the .J2!strigt Statistisi\1 
Abstract fgr \-Jest f~asi Hills 1983~ 
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Table No. 1. 3 shows the average annual rainfall at 

important centres of tiest Khasi H1lls. 

Ia,ble No. lal: West Sfsi Hills District Average AnnuEY, 
ltainf' __ (Ra1Qfall=1n rom>. 

Year 

19?9-80 

1980-81 

1981-82. 

1982-83 

t 

t Nongstoin fdangdo 

3?89.9 2915.0 

3169.7 3301.9 

3643.3 3218.0 

4136.6 3223.2 

Source: District ~tatistical Abstract t.Jest Khasi Hills 1983. 

(f) Natural Vegetation 

A variety of natural vegetation, ranging from sub-tropi­

cal to temp~rate vegetation can be found in the district, accor­

ding to the regions and climatic zones. Tropical vegetation is 

seen generaJ~y upto an elevation of 600 metres, upto 900 metres, 

temperate forests and grasslandS Sfe f:ound. 

The natural vegetation has enriched the district with 

forests of valuab~e timber like, Pine, Teak, Sal etc. specially 

in Nongstoin, Mawsbynrut (Sonapanar) and I>1airang Development 

Blocks. Commercially important cane and bamboo are also found 

in abundance~ 

Map No. 4 -shows the distribution of natural vegetation 

of West Kbasi Hills district •. 
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Forest 

The area under forest as estimated for the four consti­

tuent Development BlockS of tbe district is about 35' percent 14 

of the total geographical. area of this district. Nearly, 90 per 

cent of tbe total forested area 1s under the control of the 

District Council and the rest under th.e. Governmen.t, while tbe 

most forest under .tbe control Qf the Government are manag_ed 

under regul.ar working plans and schemes, those under tbe Dis­

trict· Council had no such plans. 

Table No. 1·4 shows the area under reserved, protected, 

unc.lassified and. 1eased .forests in the district for. the three 

years ( 1982, 1983 and 1984). 

Table No. 1.4: ~st Kbasi Hills Distf!ct .Area.Under Forests. 

Year· 

1 

1982 

1983 

1984 

{ip BSLakm ).._. __ 
I . t t ' ' :Reserved :Protect- :unclas- ~Private: Village: Total area 
~orest :ed · · . :s1fied :rorest ·: forest · ; under 
\ :rarest t'forest :of : of : fol'3st · :i j a · !leased 1 other ! 

I ' t ' I 2 l 3 , 4 ! 5' I 6 ! 7 

.NR 

NR 

NR 1640 

16~ 

1640 

NR 

NR 

NR 

NR 

NR 

NR 

. -1640 

1640 

1640 

•NR =.No Record 
Source: District Statistical Abstract, West Kbas1 HillS 1983. 

14. Op.cit., P• 21. 



Fore~; Type 

Tbe type or the forest for the d:is trict could be class1-

'1ed into i'our types on the basis of altitudinal and climatic 

~ar1at1op~. These four types f'or forest are: 

(a) su~ropical Pine F'orest. 

·(b)' r·~ist mixed decidUous forest (t>~itb sal). 

(c) Very moist Sal bear1ng forest. 

(d) F~served forest. 

Map No. 5 shows the distribution of forest types in West 

Khasi Rills district of t·1egbalaya. 

'.l'u~ Over of Forest Products 

As a result, the extent of degenerate and unproductive 

forests· is' very large about 90 percent or so of the total . 

forested area. The average yield from the degraded forests is 

below 80 CU metre per hectare. On the other band, about 90 per 

cent of Government 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 E&isting Literature 

1be studies of soil have been recognised at various 

levels in the llJorld. But the number of studies devoted parti­

cularly to soil rating status in different ecological zones is 

not Substantial. 'Among the few stUdies, the following studies 

could be reviEnied in brief. 
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A study 1n relation to an ecological approach to land 

capability classification bas made by R.K. Gupta and T .4. 

Singh. 15 In tbei:r ·studies, tbey discussed about the biotic and 

abiotic factors whicb are responsible .for soil formation and 

soil terUlity. The·y also discussed the influence of topogra-

phical features like, altitude, vegetation, temperature and. 

rainfall on the soil fertllity and soil formation. W.B. Bol~en 16 

has made a broad review of the soil as a biological system. 

He bas examined its ecological significance. R. Dayal and L. 

G1r117 have made a field study of' Varanasi area 1n relation to 

the soJ.l moisture, pH and other characteristics. The ecology 

of soil tungi and other biotic factors of Uttar Pradesh is 

studied bY R.K. Saksena, 18 !~and Krishna 19 and A.R. Sarbhoy. 20 

15. R.K. Gupta and T.A. Slngb; Laboratory Studies of Phosphorus 
.forms and test procedures on soils under aerobic and anaero­
bic conditions, GeodermJ!, Vol. 15, No.3, pp. lt0-45, 19?5. 

16. b'I.B. Bollen; Xbe soil as a biological system and its ecolo­
gical significance, Proceedin;g of National Acaqem,y Science, 
Section A, Vol. 3?, No. 3, 19 • -

11. R. Dayal and L. Giri; Soil Fungi 1n Leguminous fields of 
Varanasi,. India., Oikos, Vol., 22, No.1, 19?1. 

18. R~K. Saksena; Ecology of the Soil FUngi of Uttar Pradesh, 
Proceedings of the Na.tion;g lpstitute §ciences of India, 
Part a, VOl. 33, No. 3, 19 ?. 

19. Nand Krishna; SoUs of the Hin1alayan forests and their 
m1crof'Ungi 9 ~~~ed1ngs g£ me Natio%1 Institute SCienges 
of India, Par , Vo1. 33, o. 4, 19 • 

20 •. A.B. Sarbhoy; Soils of the Sub-Himalayan tract and their 
microf'Ung1, %oceedings of the National Institute Sciences 
gf India, Pa · B, Vol. 33, No. 4, 196?. 
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Gurmel Singh, 21 ~Bajbans Dayal and S.N. BbOla have investigated 

the soil and Vlater loss under d:lfferent slope ranging between 

b3l.f degree and one degree·. 

~adav22 has sought to .establish the ~ays 1n whicb the 

physico-chemical characteristics of soils, including of the 

profile are in£luenced by different, t)'pes of. forest cover. K.K..t-1. 

Namb1ar, 23 Rajbans Dayal and P.R. frlishra have studied. bow the 

soil struct.ure :lmproves t.ihile under different grasses. B.l4. 

Sarma2a.. bas ana.lys~ ei th the aid of ~ large -er of soil . 

samples ·and soJ.l profil.es the phosphorus and pH stlatus of the 

soils on the one hand and tbeir correlation -wi tb the plant spe­

cies of the region on tbe other • 

. The Geograpber, on the other hand, is primarily concemed 

with the, criteria ancl scheme of classification of land catego­

ries. SUcb studies are mainly. at meso-level.s. 

21 •. G •. .Singht R. n.aral and s.N. Bhola; Soil and t!~-&~er los.s 
(run off J studies under different vegetation eove·rs on 0.5' 
end 1 .o degree s1ope at' K.Ota, Jouma1 of §oi'l and t-Jater 
Con§eryatiQ!! in India, Vol. 15, No. 1, 2, 1%7. · 

22. J.s.P~ YBaav-1 t'bysicochemical. CharacteriStics ·of some 
typical soilS of Indian Forests, t!fe Indian Forester, .. 
Vol. 949 'I~o. 1:, 19.68. 

23. K~K~M. ~~ambiar, Dayal, Rajtians. and P.R.. l-11Sbra; Study of 
relative degree of improvement of soil structure under .. 

· , different g~asses, fbe Indian Foreste£, Vol. 949 No.?, 1'968. 
24. B.1L1. $arma; Nitrogen, phosphorus and Potassium status of 

soils under certain plant communities of Cburu, Rajasthan, 
±ge Indian Fo~ter, Vol. 9~, No. 8, 1968. 



· Among "the studies of Raycbal.J.dln~ry25' in relation to dif­

ferent. aspects of. soils is mo1-e significant. In 196?, he stu­

died relation of soil characteristics td tb soU profiles. 

Again, in 1967, he studied the ,ratio of soil fertility with 

agricultural production on one band, ·and the role of organic 

manure and green manuring in the mailltenance of soil fertility 

an the othe·r. In his book 11Land and SOil"26 discussed the· 

importance. of' land resource and be bas made a classification 

of Indian soil according to its ecological st.atus. Ramanathan27 

have used profile characteristics <to device on scheme and map 

of land capability clas:d.fication ot the s6ilS or tbe Anna 

fam 1n Kudumiamal.a {~.N.) at micro-level.. Bagcb128 and sana 
have classified the land of lhiama-Brabmini Command· area in 

Birbhum .. district of r~est Bengal on the. ~a.sis of soil texture. 

There is no extensive studies on the soU 1n relation,. 

to the North Eastern Hill Region of India. ~ Indian Council 

25 • .s.P. Raychaud~ry; Soil Correlf}tion, Jou~al Of So1l.Jm.S · 
. Water COns~ation in India, Vol• 14 & 1~ No. 19 29 196?. 

26. s.,P. Raychaudhury; Land and. sou, India, The Land- and 
Peop!§, NET, ~blication, Delhi, 1967. . · 

2? •. s .. Ramanatb~1 c.s. Balasundaram; H.H. Kban and K. SUbra­
manian; Profue Characteristics and Land Capability 
Class1:f1c·ation. of So:Lls of Pnne 1;->artn, Kud.umi.amalai., . 

. !-~Jadras, AB£"J.Cultural Journal, Vol. a, No.1, 19'73. 
28. K. · Bag.hchi and P.K. saba; Land Classification. on the basis 

of texture of the soils and slope of the land in Dwarka­
Brahmini Command· Arsa, District Bi.rbbum9 Geograph1sal. 
.Review of. Ind1~9 Vol. 32'9 No. 4, 19?0. 
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of Agricultural Research (ICAH), Research COmplex for N.E. 

Region, Shillong, has been studying the soU of this. reg1on.­

'Xhey collect samples from different farms and analyse the : 

available nutrients in the soil for agricultural purposes only. 

A.R. Borah' -.bas discussed the probl.ema and prospects of better 

utilisation of land 1n the hil.ls of. North East India. R.P.M. 

Bordolo1 9 
29 bas studied Jhum field and thej.r role in soil con­

servation and soil fertility •. R.N. Prasad~0 Rati Ram and Munna 

Ram, have discussed about the soils of North Eastern Hill Region 

and their properties. They discussed the altitud1nal variation 

of' soU ferti:U. ty. 

There is no specific study on soils of the ~-Jest Kbas1 

Hills district of Meghal.aya. 

29. R.P .H. 9 Bordoloi; Plant pioneers in Jbum Field and their 
role in soil conservation and soil fertility, 1n 3{ 1) 
Seminar on Slifting CUltivation, _1976, p.4. 

30. R.lJ. Prasad, Rati Ram and. M. Ram; Soils of North Eastern 
~11 fteg~on and their properties, .. ..lournaJ. of Heghe±aya 
~iense SocietY, Vol. It-, PP• 39-4t>, 198'0. 



CHAPTER- II 

DATA BASE AND METHODOLOGY 

2. 1 Data Base 

Keepjng in vie~ tbe objectives of the study, tbree types 

of information and data will be required for the purpose. These 

are: 

\1) Secondary information on general characteristics of the 

population, agricultural, landuse ana settlement pattern 

etc 1 .tor the west Kbasi lllll.s district of i-leghalaya. 

(2 }. ~-iap based information on rellef, vegetation, drainage, 

slope anci other ecologj.cal parameters for the study area, 

and 

(3) Primary: data, i.e. collection of field samples of soils on 

tbe various macro and micro ecological conditions. 

In connection 'l'litb item (1) i.e. regarding general cha­

racteristics of population, agricuJ.ture, lendUse and settle­

ments, major source of information have been: (1) various cen­

sus publications particul.arly Distr1ct Census Handbook 1 and 

Village Directory for 1971 and 1981. Apart from this source, 

other secondary and tertiary sources like, the District statis­

tical Handbook2 and Data collected from the Department of 

1 o Government of r.teghelaya, Statistical Handboqk, 1984, Direc­
tor of Ltconom1cs. 

2. le!9· 



Agriculture, Govemment of l-1egba1aya and Department of Fores­

try, Government of Megbalaya have been used also. 

In tbe circumstances of the weaker data base or tbe 

en·tire Nortb Eastern Region, particUlarly information on Agri­

c~tuJ:-e and Landllse etc., tvhicb are largely gross esti.mated 

t1gures, .. it ~ns a maJor limitation of any substantive 

wolk based on secondary information. ~owever9 1n the present 

study, tbe uses . of such information are only l1m1 ted to provi­

ding a general background to the study and therefore, it may 

not hamper in any serious manner, the scope and generalisa­

tions of tbe study. 

In ): .~· connection with item (2 ), i.e., map re1ated 

infomation, tllere are two major sources: 

(a) ~opograpbical Sheets3 of both 1:63 9 360 and 1:509 000 Scales 

of 1910 to 1911 and subsequently revised version of 1<)66-67 

publisheci by Survey of India. 

(b) 8atell1 te imageries pertaining to West Khas1 Bills District 

of Megbalaya. Tbe available satellite imageries 1n the 

scale of 1 to 1 million or 1:1 ,ooo,ooo published by National 

Remote Sensing Agency, Hyderabad. 

3. Topogra~c Sbee~s No. 
i:iicale, 1P3,360- 7B<0/1, 0/2, 0/3, 0/4, 0/5, 0/6, 0/7, 0/8, 

0/9, 0/10, 0/11, 0/12, 0/13) • 
. Scale, 1:509 000 - ?8(K/3, K/5 9 K/13, K/14.! K/15, K/16). 
Published by G. S.I. 191D-11· and 196b-6? (ReviSed). 



- file topographic sheets provide basis, first, for a base 

map_ for the entire district showing broad relief, drainage, 

settlement pattem and road netwrtt. It may be ment:i.oned that 

no sucb detailed base map was available. The base maps were 

p~ared both at 1:509 000 and a reduced scale 1 em· to 5 Km. 

The Satellite :Lmages were used to identity landfac1es and vege­

tation cover. 

In connectJ.on mth item {3), i.e., primarY" collection·.·· 

of soil samples, it may be mentioned that about .200 soll sam­

ples and samples_ ot profiles were collected through a number 

of. f'ielq trips covering nearly the entire West Khasi Hills dis-
. . 

trict. Both physical and chemical analysis of so1l.s 9 particu-

larly reiatinB to ·texture~ structure, colour, pB, NPK status 

and 'Organic Carbon b'ero obtained by the researcher by analysing 

these s~ples ·at. tbe Soil Laboratory· of ·the concerned insti tu­

tion •. :Some additi~nal belp however, was· taken·.fi"om the sou· 
Analysis Laboratory· Qf Departmer:lt, of Agriculture, . Government 

of Meghalaya. 

2.2 Methdol.Qgy 

~ For the purposes of tbe present study, tbe plan ot work 

has beeri dividirig. into three parts: 

· · (~) Maps;· 

·(b_) :Analysis .of ~11 :~ (il Pby~ical. an.d (ii). Cb-em1eal 

characteristics of soil, and 



(c) Soil Rating Index and Soil Classif1ca~1on . and 

mapping. 

(a) t-1aps 

fdaps are the tools of Geographers. It is \d.th the help 

of maps and diagrams that many complicated landforms may be 

explained in a simplified manner. 

Keeping the object:lve.s of the·present Study in Viewt 

the folloliing maps -were prepared: 

(1) Relief map, 

(2) Vegetat~on map9 

.(3) Drainage map, 

(4) Slope map, 

(5) Geological map, and 

(6) l-iap of the l-lajor Ecological Zones of the dist~ct. 

It is to be mentioned that a sou is the l,U'lique result 

. or tbe· interrelated factors: like-relief' vegetation, geology 

or parent mel{ materials, drainage, slope etc. Therefore, it 

is necessary to make a good estimate of the topographic maps 

for soil clessification. 

2.2.1 Relief 

The term relief indicates the variation in the nature 

of the land surface or in other w~rds, the lie of the land. It 



sh®s the broad features and relative heights of highlands 

and lowlands which are portrayed by such tenn as bills, knolls, 

spurs and valleys· etc. 

Methods· of :aepresentation 

The di£ferent methods employed to represent elevation 

and relief can oe grouped under there headS: 

(j.) Pictorial, 

(11) 1-fathematical, and 

{ill) Combiliation of tbe previous two • 

.Among tna tbree methodS, •contours • Method of Mathema­

tical method is tbe · standard rnetbod of represent:1ng relief. 

Contours Metbod 

Contouring is the st~dard method of representing 

relief. ·· Contours are imaginary lines of the ground joining 

adjacent pl.aces at the same height above sea levels • 

. Cbnstruction of ~l.ie£ Hap 
) . 

. . Contours,, of an interval of 150 metres have been traced 

.·.from. the topograp:bical. sheets of \.Jest Khasi Hills district of 

l-1eghala_v.a.- Both 1:63,360 and 1:509 000 scales were used. By 

taking contour Plterval of 150 metres, tbe average 

was prepared. After ·the preparation' of reli.ef tn3P, 

was redUced to a scale of 1cm to 5 Km/ 

relief map . .. 
the map ·:_ / 



~.2.2 Vegetation Map 

Vegetati.Qn- map sho~s the overall distribution of vege-

~.at-i.Qn 1n a particUla~ area of the earth surface. Tbe impor­

tance of vegetation map is to correlate the nature of vegeta­

tion with the type of climate prevailing there. It has to study, 

for example, ullere the pine forests are found much,. metber it 

is on the slopes of the hills, on highlands or in the river 

valley. 

Considering the above cr1ter1a; an attempt has made to 

prepare the vegetatiOn map of ~lest Kbasi Hills district. 

Preparation of Vegetat1on map 
. . . 

The interpretation of vegetation map bas been done with 

the help_ of topographic sheets and landsat imageries of West 

Kbasi Hills distri.ct. Both 1 :6).,360 and 1:50,000 scales \!ere 

used:• ~ case of landsat images 1 to. 1 million photographs have 

b:een used. Both coloured and black. and l1ih1te landsat_ imageries 

were used. \>Ji th the help of dtereoscope and magnifying lenses, 

it was possi.b~e to identifY the vegetat1on cover of the dis­

trict. 

_ 0~ the basi~· of altitude_ and climatic variations, the 

forest types of the district could be classified into four 

forest types. These are: 

(i} &lb-tropical high altitude Pine Forest 
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(ll) Noist mixed decidUous forest ('witb sal), 

(iii.) Very humid Sal bearing forest, and 

(iv) Reserved forests. 

2.2.3 Drainage map 

Drainage map is important not only for the sake of con­

venience trace out important rivers and their tributaries but 

their impact on social life also. Drainage conditions are 

necessary 1n both soil descriptions and definitions. Drainage, 

primarily relates to the soil, water and its effect on the pro­

file development through '1tieatber1ng and erosion and proc;ucing 

their soil cover on steep slopes and deposition of soil material 

dotm. The di~ction, intensity, frequency and distribution of 

drainage infiuences the course of soil formation. 

Preparation of drainage map 
For the preparation of drainage map of \iest Kbasi Hills 

dietrict, both 1:6.3,360 and 1:509 000 scales of topographic 

sheets '"'era used. The major drainage and their tributaries t.zere 

used. Tbe major qrclinage and theJ.r tributaries were traced and 

reduced tl'le ·map to a scale of 1 em to 5 Kmso 

2.2 .4 Slope !~1ap 

The analysis of the gradient of slope in a region makes 

landform classif1cati.on easier. But in any area the gradient 

of slope is seldom unitom. Its irregularities are apparent 



from tba-. contour maps. Therefore, it is necessary to calcu­

late the.· average slope of a region. 

In defining soil class1f1cational units, soil slope is 

given special. attent~on. As \.11th other important soil charac­

teristics,· the relative signi.ficance of differences in slope 

depends upon tbe other characteristics of the sou • 

. There are several methods· ar· average slope determina­

tion of· which Wentworth's method is a •general and random • 

method. and is easier to follow. 'lbe formula o.f wentt-Jortb • s 

method is given belol!l: 

Wbere, 'N • 13 the average number of crossings of 

contours per m1le, 

· t I • is the contour interval, 
, :. 
8 is the average angle oi slope and 

3,'361 is constant number. 

Construction of slope map 

Taking one inch equal to one mile, the topographic 

sheets •ere divided 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 reepective squares and a choropleth map bas 

drawn to depict the variations in the angles of slope over 

the different pazts of' the district. The slope classification 

bas done in the follotv"ine manner: 

(a) Not available (Nii.) category: There are some areas where 

con tOurs are not ·available. It is not because of the lowlying 

area but ·m:i.gbt be other reason 'bJbi.cb was not mentioned in the 

topographic sheets. 

(b) Belol!1 1o0 slope 

{c) 10°- 17° slope 

(d) 15° - 25° slope 

{e) 25° - 40° slope 

(f) 40° and above. 

2.2.5 Geological Map 

A geo~ogical map shows the geographical distribution of 

different rock format1ons or strata at the ground surface. Its 

interpretation leadS to an understanding of the lithology and 

structure of tbe underlying rocks \ihich, 1n turn. helps in the 

study of. the evolution of landrorms in a particular area. 

Xbe development and fonnation of soi.l depends upon the 

· parent rock mater.tals. 'Xhe parent material refers to the uncon­

solidated ma$s from which the solum develops. It includes the 

C..horizon and other materials above the C from 't<.ibicb the solum 
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developed. In many sons the solum is underlain with an uncon­

solidated nonconforming geological stratum. b'ucb geolo-gical 

strata have an influence on the genesis and behaviour of the 

smu. 

Preparation of Geological Map 

The Geol.ogical oV.rvey4 of India has prepared the geolo­

gical and mineral map of t4egb~aya. The scale of the map \vas 

125 ,oo,ooo o.r 1 em to 5 Kms. The district geological map of 

\•J.est Khas1 Hills c:tlstrict bas been traced and 1t bad to enlarge 

(for district map) to a scale of 1 em to 5 Kms. 

2.3 SoU Sampling 

"'lbe analysis can be n~ better than the sample". 5 

The sampling of soils is a .challenging problem, tiOrthy 

of detailed consi.derati.on. The general. problem of soil sampling 

-bas been summarized by tbe Association of Offiei.al Agricul tu­

ral Qlemists6 as follows: 

'In V!Eru of tlle Variability of so1ls9 it 
seems impossible to devise or the procedure 
should be determined by tbe purpose for 
which the sampl.e is taken. ' .. 

4. G. s. I., Geologic@;}. rod Mineral MfU? of Megba1aD, 
SCale; 1:$,oo,ooo or 1 em to 5 Kms, 19??o ' 

5. MoL. Jackson, Soil. Cbemi.ca1 Analxsis, aecond Indian Reprint, 
pp. 10-11, 19?3. 

6. Ibid. 



The above passage brings into focus the twin problems 

of soil varJ.ability (sampling "all out-of-doors") and the 

divergency of types of anal.yses to be performed on samples. 

SoJ.l sampling 1ncl.udes taking tbe soil. material so as to take­

into account the variability of soil, handling and processing 

the samp1es fer actual analytical determinationq 

f4etbod 

Xbe m~thod \fhl.ch is applied for sampling for thi.s study 

1s knolill as Composite Soil Sampling ~-1etbod. '1 It gives a mean 

analytical value representative of the soU sampling volume 

from tdlicb the compodte sample \-.iSS draon 9 using this method, 

tbe top soU .from ~fi"erent landfacets witb a depth of 6-9 

inches have been col1ected from each horizons. 

Sampling tools 

The tools t which are used for collection are - a band 

pick end soil auger, spade, paper bags, screw auger etc. 

2.4 Anal.ysis of SOil 

According to the soil cbaracter1st1cs, the analyoiiS part 

can be divided into two i.e., 

(1) Physical, end 

;(11) Chemical Analysis of So.il •. · 



2.4.1 Determination of physical characteristics of soil 

· Before going into a discussion on the method of ueter­

IDination o.f physical character1.st1cs of soU.9 it is ·important 

to di.scuss the .s1.gnifi.cance o£ the· physical cbaractertstics. 

~e soil is a complex mechanical system consisting of 

three physical states. ~se tbree physical states are solid, 

liquid and gaseous. 'l'he bul.k of the solid pbase, occupies 

approximately fifty percent of the total volume of soil. It 

consists of primarily of the mineral materials and organic 

matter. 'lbe rest of the volume makes up for the pore space 

being occuPied by liquid and gaseous substances. Thus, tbe p:ro­

portion of the four· major components of son - inorganic parti­

cles, ·org~c pa...-ticles, t!later and air - vary·· greatly in diffe­

~t kinds of soU and from place to place and also With dif­

ference in the depth.of the soil • 

. J The ·jmysical· properties of soil' depend on tbe amount, 

size, .sh.ape, arrangement and mineral composition of its parti-, . . 

cles. Tbe kind an~. amount of organic matter and the volume and 

form of its pores. are related to its physical properties. Tbe 

particle sizes of the solid material i.s extremely important i.n 

the process of catiOn exchange i.e. leading to circulation of 

nutri~nt.s in the soil.. Therefore, · thi.s co1loidal. properties is 

imPortant 1n texture deterri:dnation of the son. In this study, 



some _i.mportant physical properties of soil llke - Texture, 

CoJ.our and structure have been analysed. 

2.4.2 t4echanical Analysis and soU texture 

The rrd.neral component constitutes the largest vol\lme 

of soi~ mass &nd,plays a vital role-in determining most of 

the physical properties of soi.l. This mineral component con­

sists of particles of various ~izes. According to the siZes, 

the soil particles are grouped into gravels, sands, silts and 

clay lihicb ere termed as sou •separate• or 'fractions'. The 

proportionate composi t!on or various separates in soil, 

defines the soil texture \~bich can be determined by mechanical 

analysi.s of the sample9' 

Soil texture 

ibe snil texture refers to the relative percentage of 

sand, si.lt, and clay be~ow 2 millimetre 1n diameter :1n a solid 

state. Natural. field soils are always mixtures of soil sepa­

rates. The re1at1ve percentage of the various soil separates 

in the field so:il are almost infi.n1 te in possible combinations. 

It 1s, therefore, necessary to establish limits of various 

·sizes among tbe soil separates so as to group them into textual 

classes P such as sandy, s11 ty loamy and clayey etc. 

~e list shows tbe more common textural classes in order 

of increasing fineness. 



1. sands 

2. Loamy sands 

3. sandy loams 

4.. Loam ,. Silt loam 

6. Silt 

? ., Bandy cl.ay ,loam 

B. Clay loam 

9. B.ilty cla.v, l.oam 

10. sandy clay 

11. Silty clay 

12. Clay 

To determine tbe textural name of a soil9 an equilate­

ral triangle can be used. This triangle is kno~ as tbe 

•Textural trJ.~gle' (Fig No.2). The three sides .of the triangle 

can be used to represent a three co-ordinate system represen­

ting the perc~tage of all the three size classes of particles 

in the sample, i.e. sand, silt and clay, by graduating each 

side from origin, zero to minimum bundred and thereby 'determi­

ning a single point inside the triangl.e representing values of 

, all tbe three attributes. The U.~. Department of .A.griculture 

scale bas used for measuring the soil texture. 

'Material.s and MethodS 

l'here are two methods to determine the pe,rcenta,ge of 

various particle s1zes in soii. The International deale 
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(International ~iety of ~i.ence) and the U.J.D.A. Scale 

(U. ~. Department of Agriculture). 

The table No. 2-. 1 sno-ws the size gr·ades of mineral 

material. 

Tabla No. 2.1 

' In t!:rnation-..al......, __ r ______ u .... ~i.)-"._D_._A_. __ 
' t 

Fraction 
mm 1 um ! mm ___ urn 

--------------·----~--~---~~----~-----------------------~-~----
Coarse Sand C.:> 

Fine cand F~ 

Silt Z 

Clay C 

-----------------

2.2-0.2 2000-200 

0.2-0.02 200-20 

0.02-0.002 20-2 

< 0.002 < 2 

2.0-0.2 2000-200 

0.2-0.05 200-50 

0.05-0.002 50-2 

< 0.002 < 2 

Source: Smith, li. T. and Atkinson, K. Techniques in Pedologz, 
a banaoook for environmental. and resource ~tudies, 
London, 19?5. 

There a1·e t,.;o method.s for determining the mechanical 

analysis of soil. One is called Pipette Method and the other 

Hydrometer Method. But, for accurate work 9 the Pipette method 

is employed. This method is based on the Jtock's La\:-1. 8 For tb:Ls 

study, the Pipette method klas been used. 

8. ~tock • s Ley: "Stoclt • s ( 1851 ) suggested tlJe relationship 
between the radius o:f' a spher:i.cal particle and 1 ts rate of 
fall in a liquid. He stated that resistance offered by the 
llquid to tne fall of the particle varied \:lith the radius 
of the sphere and not "Witb the surface." The· for!!!Ula is 
given belO'I.v -

.... 

V _ _ 2gr' ~dJ!-d) 
- 9n 

t-Jhere 0 V = Velocity in Cm/~conct. 



Procedure (Sand, Silt and Cl~ separation) 

20gm of air-dry fine earth ( 2mm diameter) is trans­

ferred to a 1000ml beaker. 60ml of 6% (20 volumes) ~02 is 

added and mixed lliell and allowed to react .for S minutes. After 

15 minutes, the beaker is immersed into the Hot l4ater bath for 

5 minutes. stirring was continued to avo1d frothing over. To 

remove, a fUrther 35 ml of ~02 is added and after a minute, 

the beaker is replaced on top of the Eot Water bath for 10 

mJ.nutes and then immersed again for 5 minutes. ~e solution is 

diluted to about 150 ml and brought to boil on a bumer. 

Acid treatment 

1. After cooling the beaker, 25 ml of 2NHC1 is added. 

2. Dle sample is diluted to approximately 250 ml and 

all.owed to react for an hour, rubbing at 15 minutes 

intervals. 

3. After an hour, the :;;olution is filtered tbrougb a 

Buchner tunnel using hardened filter paper ( 11 Cm 

What man :t-1 o. 44). 

4. After the washing was complete, the-~ilter paper was 

spreaded out and transferred tbe material to the 

1000 ml cy~pder. 

g = acceleration dUe to gravity. 

dp = density of the particle. 
d = density of tbe liquid. 
n = absolute viscosity of the liqu1.d. 



Dispersion { SU t and Clay separation~ 

T.be vol.ume was made up after rendering it 8lkaline to 

pbenolpbthalein, m. tb 10 ml of N/1 NaOH solution. After 
' .. 

shaking (on a shaker), the suspension was allowed to stand 

for · ovenligbt. 

Separation of Silt, Clay and Sar.d 

Using the table for time of sedimentation for the :clay 

and 31lt fractions, calculation tvas made f'or silt and. clay. · 

But, for sand again tbe decantation method is applied. . 

2•4·3 Soil Co1our 

SoU colour·is tbe most· omrious and easily ~etermined 

of soil ,cbaracte11.stJ,.cs. It is an easily. obse~ab~e characte­

ristic and is an important criterion. 1n. description and claS.s1-

fication of soils. ,It could be named in many soU groups after 

promineQt soil col()Urs .such as Black soils, Red-Yellow Latosols, 

etc. 

Tbe content of organic matter in soil is namely respon­

sible .for soli colour. Generally, 1n temperate climate dark 

coloured soils are relatively higher in organic matter tban 

light coloured soils~ Tbe surface horizon of soil is commonly 

darkest due to t.be presence of organ1.c matter. Red colour is · 

associated with .unhydrated ferric _ox1.des, whereas yellow co~our 

· indicates some degree of hydration. 



Determination of Soil Colour 

'Ihe soil colours are most conveniently measured by 

comparison tJitJl standard Colour Charts. lbe "Munse11"9 soil 

Color Chart w~s used-for this purpose. ~e colour of so~l is 

the result of the light reflected from tbe soU and it depends 

upon tbe combination of three si.mple variables of Colours 

namely - "Hue" 9 "Value" 9 and "Chroma". "Hue" is the dominant 

spectral colour. "Value" is the br:Uliance or total quality 

of light.· ncbroma" is the relative purity or saturation of 

the dominant b"pectral Colour. 

To determine the soil colour, the Mwtsell Soil Color 

Charts has been used and var.Lous types of colours have been 

identified for the samples. 

2 .4.4. Soil atructure 

The primary soil particles- Sand, S1lt and Clay­

usually occur in the form of aggregates. The arrangement of 

these individual. particles and their aggregates into certain 

defined patterns is called structure. Structure is best studied 

1n the field under natural conditions and it is described under 

three categories: 

9. "Munsell SoA Color Cha:ts" 9 lJlunsell Color Company Inc. 
Baltimore 29 t·1ary~and 9 197?. 
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(1) Xype - Shape or fonn and arrangement pattem peds. 

(11) Class - Size of peds. 

(Ui) Grade - Degree of cli~tinctness of' peds.· 

(1) Types of Structure 

turea 

There are tour principal geometric forms of so11 struc-

(a) Plate-!'like 

(b > Pr.tsm-like 

{c) Block-like. 

(d) Sphere-like spheroidal. 

(11) Classes of ~'true tu.re 

Each primary structural type of soil is d1f'ferent1ated 

into fi,ve size-classes depending upon the size of the indivi­

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

(1) Very fine or very thin. 

(U) Fine or thin.· 

. ( 111 } l·1edium 

(1 v) Coarse or thick. 

(v) Very coarse or very thick. 

(ill) Grades of ~'tructure 

· Grade indicates the degree of distinctness of the indi­

vidual peds. It is determined by noting the stab ill ty of the 



aggregates and the ease with which they separate from other · 

peds. (irade of structure is inf.luenced. by the moisture con­

tent of the soU •. Under moist conditions the son structure 

is usually not very distinct. Four te:nns commonly used to 

describe the grade of soU structure are: 

(a) Structureless 

(b) t.Jeak 

(c) l·1oderate 

(d) Strong 

Importance of SoU structure 

Structure is very important in plant growth relation­

ships, because it 1nnuences the amount and nature of porosity 

and regulates the moisture air regime in the Soil. Platy struc­

ture normally hinders free drainage. Some structures are mecha­

nically stable and strong but when they absorb moisture and 

are wet, they become soft and lose their shape and size. 

Structure is one of the soil properties which is easily 

liable to changes under· different management practices such as 

ploughing, draining, liming, fertilising and manuring. Addition 

of organic matter and its proper decomposition are important 

for building up and ~tenance of soil structure. 

Table No. 2.2 shoos how to determine son .structure. 



Table No1 2 11 2 

' ' " Samples •Grade ' Class . ' Type :structural Name ' . ' -· .. ' 

A strong. Fine Gren\Uar Strong fine granu-
lar 

B f.!oderate Very Granular l4oderate very coarse 
C031'Se granular 

Using this above table, soil structure for the distnct 

bas been datemined. 

2.5 •. , Chemical Characteristics ot ~il 

The chemical. analysis have become an integral part of 

soil classif:i.cation. It helps to study the available nutrients 

in the soj.ls 9 the leaching process and soil genesis.. ~e growth 

of a plan is directly dependent upon soil nutrients and its 

formations. Jherefore, one should stUdy tbe chemical co~osi­

t1on of soil for better understanding or soil classification 

and genesis. 

Soils are charnically a heterogeneous medium. It .is more 

i.mportant to measure a particular fraction of an element 1n tbe 

soil than to kno~ its total concentration. Therefore, the most 

essential elements li.ke, Nitrogen, J>hosphorus 11 Potassium and 

Organic Carbon are selected for th:ls study. Soil reaction or pH 

is a1so taken to be an overall indication of chemical status 

of a soil. 



2.5.1~ Nitrogen in tbe Soil 

.iNitrogen -essential link in protein'\. 

Among the various plant nutrients, nitrogen probably· 

has been subjected to the greatest amount of study and still 
. . 

~eives much attention. The amount 1n tbe soil. iS small, 

while tbe quantity tvi thdra-wn annually by crops is comparat1 vely 

large. SomeUmes the soil nitrogen is too readily soluble and 

is lost in drainage, at otber times, it surfers volatiliza­

tion; at still other times it is definitely unavailable to 

b1gber plants. 

Forms of Soil Nitrogen 

soils: 

There are three major forms of Nitrogen 1n mineral 

(a) Organic nitrogen ~sociated with the soil hU!!lUS," 

(b) Ammonium nitrogen fixed by certain cla_r . minerals, and 

(c) Soluble inorganic ammonium and l')itrate compounds •. 

~1ost of the nitrogen in soils 1s associated with the 

. organic matter. Rel~tively small amounts ordinarily occur in 

ammon1 um and n1 tra tes, . the available forms. 

There are two types of ana1yt1cal procedures, whicb are 

widely used -the KJeldahl Conversion of Nitmgen to (NH4 >2so4 
and tbe Dumas P,ggvers.1op to nitrogen gas. ~he Kjeldahl method 



is employed in macro, micro and ultramicro procedures. For 

the estimation of total nitrogen in soil the ~jeldahl diges­

tion distillation metbo,g 10 has bean followed. 

Detennination of available Nitrogen in soll 

For each sample, 10.0 g of sieved ( <. 0.2mm) soil 1:1as 

taken in a JOO ml Kjeld~l digestion flask. 20 g of N~so4 
. plus catalyst digestion mixture were then added. 35ml of 

cone. H2so4 -w~ added and the digestion was done on the Kjel­

debl digestion rack till the _solution was cleared. 200 ml dis­

tilled water ~as added to the cooled solution and mixed care­

fully. The solution was then ready for tbe determination of 

ammonia con tent by distillation. The ammonia was distilled in 

boric acid which was then blank titrated with H/14 BCL. 

Calculation 

• • 0 % of Nitrogen = T x di~ution factor x N ~~ 

\1here, T :: Sample titration, m1 atandard acid, 

N :: Normall ty of ~'tandard a.cid9 

S :: Sample l'Ieight, and 

1.4 is a constant factor. 

2.5 •. 2 AvaU.ab~e Hlosp.ho:rus in Soils 

Phosphorus rarely comprlsea more than 0.1% Qf the t~oil 

and only a small amount of plant. available inorganic orthopbos-

10. M.L~ Jackson; .QR•c!t·, pp. 183-193.· 



phate ion is present at any time. The bulk of phosphorus is 

usually unavailable. It 1s rue~ either as Ca - pl1osptiate ·at 

high pH or Allumium end Iron pbospbates at low pH. Heasure­

ment of total phosphorus is 9 therefore, of limited value in 

determining phosphorus availability except· that low concentra­

tion usually indicates deficiency. 

Determination of available pbospllorus 1n soil using Bray's 

r4ethod No.1 (For Acid Soil) 

Reagents 

(1) Bray's extractant No.1. 

(2} ~blybdate solution. 

(3) Stannous Chloride Stock Solution (SllC~2H20). 
(4) Wortd.ng solution for SnCl22H2o. 

Procedure 

4 g of sieved (<0.2 urn) soil was taken in 250 ml coni­

cal flask to tibicb 14 rnl of Bray's ext1--act1on so~ution was 

added and sti.r-ed for 15' minutes with the help of magnetic 

stirrer. The solution was fi~tered through Hhatman No. 44 

filter paper. 2ml of the filtrate was taken in a testtube 

diluted with 5 ml distilled water and 1 ml of ammonium molyb­

date and 1 ml of stannous chloride solution ~ere added. The 

test tube was shaken for 10 minutes. After 20 minutes optical 

density 't-las determined at 660 mm using Bray's el\tract from 

the control (without soil) as the blank. 
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Calculation 

_ C(mg} x g>lution !g~e {ml} 
% Phosphorus - 10 x Aliquot (ml) x samp·.o;._ ~l~e::.-...'t'J ... eJ.g~. ~h"'l"'t-("'"g-1 

~ibere, C = mg Phosphorus obtained from the -­
Standard CUrlTe 

To convert P to P20'5 tbe above figure ~as multiplied 

by 2.29~ 

Table No. 2~3 sho~s the Guide to phosphate status in 
~· ; 

soil.-

Phosphate Status 

Very low 

Low 

Med:i.um 

Medium High 

High 

Very High 

Table No, 2.3 

0 - 1.4 

,_,_ 3.0 

3.1- 6.0 

6.1-10.0 

- 10.1-20.0 

) 20.1 

source: Figures from G:i.lciJri.st =- t3hirla\·1 ( 196?) 

2. ':) ,_5'- Available Pota.ssiurn in So.il 

li'i:'Jtat1on of Potassium 

~ere is some mechanism in the s~il that fixes available 

Potassium in a form ~.lbich is not available to plants. The fac­

tors influencing the amount of potassium fixation are: 



1 • ihe kind of clay minerals present. Kaolinite does not 

appear to fix potassium, wMle large quanti ties are fixed 

by montmonlloni.te. 

2. Tbe relative amount of exchangeable K. The greater the 

percentage of exchangeable K ·in relation to the total 

exchange capacity, the greater the K fixation. 

3. Wetting and drying of the Soil. Soils that are wetted and 

dried fix large amounts of excbangeable potassium. one 

explanation for this mechanism is that K-ions move inside 

the clay-crystal lattice, 'When it is wet and expanded, and 

upon drying, the ions are trapped inside. 

lj .• The presence of organic matter. 

Daterminat~on of exchangeable 'K' in soil 

The exchangeable •K' bas deternd.ned by Flame photometer 

method using ammonium acetate extraction solution as outlined 

by Jackson ( 19?3). 

Reagents 

(a) Honnal Neutral .Ammonium acetate solution. 

(b) ~"tandard Potassium clolution. 

(c} t>Jorking Solutions. 

·ProcedUre 

5g of air-dry soil ( < 0.2mm) is transferred to a 500 ml 

conical flask and 25 ml of ammonium acetate extraction solution 

(pH ?) is added stirred :for 1 hour tiith the help of mechanical 



shaker. The solution is filtered tbrough Whatman No·. 44 filter 

paper. 2ml of the filtrate is diluted l¥1 tb 10 ml of distilled 

\iater and read in· Flame Photometer. 

Calculation 

% K =. ·g ~mg/L) x_ Solution Volume ( mll 
10 x Sample . weight {g) 

\·Jhere9 C :: mg/L of 'K • obtaU1ed from Standard Curve • 

. Xo convert 'K' to ~0 the above figure 'WSS multiplied 

by 1.20• 

Table No. 2.4 sho~s the figures from Gilchrist-Ohirlaw 

( 196?} for Potash status. 

Table No. 2.,!± 

t 
Potash Status : mg K20/100gm soU 

--------------------------J-------=---------------------Very low 

Low 

Medium 

Medium ~1gb 

Hi.gh 

Very Righ 

0- 6 

6 ·- 10. 

10 - 18 

18 - 28 

28 - 35 
)35 
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2.5 .1¥. Available Organic Carbon 1n Soil 
i 

"Organic matter ••• a distinction of soil from rock." 11 

Carbon occurs i."l soils in four forms of mineral and 

organic matter: 

1. Carbonate mineral forms, chiefly Caco3 and lstgco3, 

2. Highly condensed, nearly elemental organic Carbon 

{Charcoal, graphite, coal), 

.3. Altered and ratber resistant organic residues of 

plants, animals and micro-organisms, sometimes 

4. Little altered organic res1dUes or plants and 

animals, 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. lbe organic carbon include~ the three forms except 

the first one. Here, the total organic carbon in soil bas been 

determined by the Walltly and Black's (1934) ,rapid titration 

method. 

Determination of Organic Carbon by Walkly and Black's (1934) 

Method 

Reagents 

(i) Potassium Dichromate (N/1) Solution: 49.04 g of 

~c~o7 are dissol.ved in \iater and diluted to 1 

lit reo 

11. M.L. Jackson • .912..!.£it., 2JP· 205. 
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(11) Ferrous Ammonium SUlphate (N/2) fblution: 392 g of 

A oR. Grade Fe (NH4) 2 (SOt..) 2 6~0 in 800 ml water 

with 15 m1 cone. H2so4 and diluting to 2 litre of 

water. 

(lli) Diphenylamine indicator: Ot.5 g. d11ibenylam1ne 1s 

dissolved in 20 ml of ~ater and 100 ml cone. ~so4• 

(iv) Phosphoric hcid (H3Po4, 85%). 

(v) Cone. ~mit- not less than 96%. 

Procedure 

Air-dry soil is ground to pass a 100-mesb sieve. About 

1g is transferred to a 500 ml conical flask. 10 · ml N/1 K;:-C~O? 

is adde.d, follotJ.ed by 20 ml 96% H2so4• The flask is S1:iirled 

gently f9r about a minute ensuring that no soil escapes contact 

\·11th the reagents. nte flask is then allo-wed to stand for 20-30 

minutes on a heat proof' surface. The solution is diluted with 

200 ml distilled water and 10 ml 85% Orthopbospbor1c acid 

(13P04 }. To this mixture is added 0.2 g solid NaF and 1 ml 

diphenylamine indicator. This is then titrated against the 

standard .ferrous solution {in burette). Initially, a dull green 

Chromous Colour is observed; this will turn blue, WUJ.e the 

end point (qUite sharp} is a bluish green. A blank titrat.1on 

is run using tbe same proc~ure but without adding soil. This 

standardises the ferrous solution against the chromic acid. 



2.5 .!) Soil. pB 
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l 

Tile importance of soil pB for tbe classification of 

soil bas already been described in tbe earlier chapter. Here, 

an attempt bas been made to group the soil samples for deter­

mining tbe soil pH. 1be follo~ing table llo. 2.5 shot1s the 

corresponding terms to use for range 1n pH. 

!able No, M 

PB • ' pH Acidic Group I 0 Alkaline group • ' • 
EJitremely acid Below 4.5 Neutral1 6.6 ... ?.3 

Very strongly acid lt-.5 - 5' .o t4ildly alkaline ?.4 - ?.8 

Strongly aei.d '· ~ .... '·' fbderately alka- 7.9 - 8.4 
line 

Medium acid ;.6 - 6.0 Strongly alkaline 8.5 - 9.0 
Slightly acid 6.1 

- 6 ·' 
Very strongl,y 9 •. 1 & above 
alkaline 

1. Strict neutrality is pH ?.0. 

Determi.nation of Soi.l pB by pB !·1eter i-sletbod 

10g of air dried soil bas taken in a 250 ml beaker and 

added 25'ml of distilled ~ater. After shru~g or 30 minutes read­

ing is taken from pH meter. Before this, the PH meter is adjus­

ted by using buf.fer o.f pB 4 and pH 9.2 (Tablets to be d1ssol.ved 

for respective buffers). In the so1l suspension!) both the 

electrodes have been d~ened and soil pH readi.ng ba.s been 
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taken using 0 to ? or 7 to 14 pH scale of the pH meter. Care 

has to be talten to keep the pB meter 1n zero position wh11e. 

changing the soil samples. 

Calculati.on 

The average of three readings bave been taken for pH 

value of sou. 

2.6 Soil . Rating Index 

'ihere are two standard methods to prepare SoU Rating 

Index. The Storie Multiplication System ( 195'4) and the Clarke 

Index (19$1). 

2.6 .1 'lbe EValuation of Land according to t.he storie Index 

The index for rating soil which has been developed by 

Storie { 195'4) has been wi.dely used 1n North America and else­

v;bere,. lbe Storie· Index is a numerical rating of the degree to 

wh!eb a particular soil bas physical, chemical and biological 

properties suitable for the growth .of crops. lt.is basically 

an index wb1cb reflects the soils potential utilization and 

prOdUctive capacity. 

Three principal facto:rs al"'e considered 1n computing tbe 

Stone Index of a .soil unit. jbese are: 

(a) The characteristics of .the profile as refl~cted 1n 

texture, structure and 1nberent fertility (i.e. 

depth and. colour). 
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(b) Topography 9 and 

(c) Other modifying factors like, climate 9 salinity/ 

alka.Jinity9 degree of stoniness and susceptibility 

to e:rosionc. Each of these three factors (a, b end c) 

is rated on the basis of 100 points for the most 

ravourable or ideal conditions. 

2.6.2 SOil Bating accoi'd11lg to tbe Clarke Index 

Clarke Index is suitable for evaluating soil qual.1ty 1n 

the field. This points system gives a numerical rating to a 

soil profile on tbe basis of the physical character1stics of 

texture,· deptb and drainage status. 

Clarke's Index is defined as: 

Profile Value = texture value (V) x drainage factor (G) 

Wbere 9 texture value (V) = Depth (D) x texture rating ( T) 

The texture rating ( T) is derived from the field textu­

ral designationo 

The attraction of the Clarke Index lies in the fact 

tbat only throe fundamental physical properties are used. Each 

of these can be determined relatively easily in the field. It 

is en index t1hich lends itsel£ parti.cularly t-Jell to correlation 

and regression analysis ,in relaUon to f1guxes for crop yields. 



2.6.3 In this studyt rating index has been prepared by using 

Storie ~-1ultiplication Index of soil rating. Since, the study 

deals w:itb t~elve variables whi.cb could be rated only by this 

method. Moreover, the Storie Mul.tipllca.tion System is not a 

rigid system 'Nhicb is applied directly and unchanged to any 

area. Depending on the soil and climatic conditions of the 

region under study, it 't·;as necessary ·to rearrange some factors 

and to add otbers in order that a more accurate expression of 

prevailing environmental condition~ is reflected 1n the rating. 

1bere are tl'Ielve variables have bean taken into consi­

deration representing three major groups. These three major 

groups and thmr conversion scale ¥rom qualitative attributes 

to quantitative figures bave been sbotm in the following ways: 

2.6.3.1 Group A: Physical Characteristics 

(1) Texture: This factor has a ma.~·imum rating of 100 

points. 

Textural Name 100 Points 
(Soil Class) 

(i) Sand 10- 20 

(U) Loamy Sand 15 - 25 
(iii) Sandy Loem 30- 35 

(1v) Loam 40 ... 60 

(vl Silt Loam 50 - ?0 

(vi) S.Ut 45 - 65 



Textural N arne 
100 Points (Soil Class) 

(vii) Sandy Clay Loam 60- 80 

(viii) Clay Loam 6S - 85' 

(ix) &lty Cl.ay Loam ;o - 10 

(x) Sandy Clay 30- 4o 

(xi) Silty Clay ;o- 6o 
(xii) Clay 35 -55' 

(2) ~tructure: It has a maximum rdting of 10 points 

scale. 

Grade 10 Points 

(1) Structurel.ess 4 

(11) \rJeak 6 

(iii) }1oderate 9 

(iv) strong 'l 

(3) Colour: Tbe maximum rating point is 2 .; 

Colours 2.5 Points 

(1) Black to Grey 1.; to 2.5 
(11) Light, VIlli te & Grey 1.25 to 1.?5 

(iii) Bed, .Sro15n Yellotv 1.0 to 1.5 
(iv) Brown Colour 1.5 to 2.0 

2.6.3.2 Group B: Chemical Characteristics of Soll 

. ( 1) pH Value: Though the pH itself is a quantitati.ve 

value but tor our convenience the values 'I:Iere converted into a 

10 points scale on the basis of its capacity of cation exchange .. 
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pH 10 points 

(i) Extremely acid BelO\oJ 4.; 1 

(ii) Very strcngly acid 4.; .... ;.o 2 

(iii) strongly ac.id 5.1 - 5 .; 3 

(iv) t4edium acid 5.6 - 6.0 ' (v) S~igbt~y acid 6.1 - 6.; ? 

(Vi) neutral .6.5- ?o5 9 

- (vii) Slightly alkaline ?.6 - a.o ? 

(viii) Medium alkaline a.1 - s.; ' (ix) strongly alkaline 8.6 - 9.0 3 

2.6.3.3 Group C: Site Cbaracteri~tics 

( 1 ) 'l)'pe of Vegetation: The type of vegetation has a 

maximum rating of 100 points. 

T.ype of Vegetation 100 Points 

(i) Barren 10 

(11~ Wild grass 10 - 20 

(ill) Grasses & Sb rubs 15 - 25 
(iv) Nixed Forest & 6brubs 30- 40 

(v) Temperate vegetation mainly p:1na 29 - 30 

(vi) ~axed decideous forests 50- ?0 

(vll} Cultivated fields 50- ?0 

{vi.U.) rA..arsby unCUltivated fields ~- 35 
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(2) :fopography: The maximum rating point is 100 points 

scale. 

Topography 100 Points 

(1) F1ate to depression 10- 80 

(U) Gently undu1ating 90 -100 

(ill) Moderately undulating 80- 90 

(iv) Very gently rolli.ng ?0- 80 

(v) Gently rolling 60- ?0 

(vi) Strongly undulating 40- 60 

(vii) Moderately rolling 40- 60 

(viii) ~~rongly rolling 30- 40 

(ix) Billy 20 - 30 

(x) clteep slopes 10 

Taking the dato:o from tt.;elve variables (from three 

groups A, B and C) one faces the problem or devising a method 

of combining all the variables into a single index so as to 

make comparison of the indices indicating the different types 

of soils. 

To sol.ve the above problem, tbe Principal Component 

Analysis by H. Kendal.l bas been used. The details of Kendall •s 

method bas been described in AppencH.x I. 
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!!!APTER - ill 

IDENTIFICATION OF ECOLOGICAL ZONES - -
. AND Lk"'DF ACET.S 

3. 1 In t roduetion 

The term ''Ecologyn is used in tbis chapter in a specific 

manner, 'Without distorting its actual meaning. Literally, 

•ecology•1 is the study of the eartb •s 'households' including 

the plants, anJ.mals, micro-organis~, and people that live toge­

ther as independent components. ECology is concerned not only 

\i1tb organisms but witb energy flows and material cycles on the 

landS, 1n tbe oceans and in the air. In thl.s study, "Ecology 

Zone" means the •spatial' distribution and significance of 

various ecological :factors, like - topograp.by, slope, veg~ta­

tion, drainage climate etc., whi.cb 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 interactJ.on of ecological factors. Under natural conditions·, 

at tbe same time, the characteristics of soil is affected with 

variations in ecological factors. All the factors are inter-

1. E.P. Odum: 11 F.colog~n Second Edition, 19?5. 
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related. For instance, increase in deforestation would result 

soil erosion and soil degradation, a specific type of vegeta­

-tion would result in a specific type of hUmus formation, which 

in turn is guided by specific climate etc. 

3.3 Identification of ~or Ecological Zones 

The \-lest Kbas1 Hills district is a large area and it is 

not easy to make a field survey 1n each and avery comer of the 

district. 1bererore-;- the district is divided into_ ten major 
.... -.. :. 

. . A.·. 

ecological zones (as has been sbol!ill 1n r.tap No. '9). The following 

criteria have been used_ for demarcation of these ecological 

zones:-

(a) Relief, 

(b) Slope, 

(c) Vegetation, 

(d) Drainage, and 

(e) Climate. 

It is true tbat all the criteria are not equally s1gn1-

-ficant ::1~ the demaroation of the ecological zones but to sane 

_ extent, they are responsible for creation of homogeneous condi-,, 

tions within the ecological zones and differentiates with adja­

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

Ecological Zones 

'Dle justification of various criteria used for demarca­

tion of ecolog:ical zones in the district, could be stated as 

in the following manner: 

3.4 .1. Relief 

The topography of the t-Iest Khasi Hills distrtct is very 
. ' . . ""' 

rugged. It is f'ull of high hill ranges, plateaus and valleys. 

The altitude and the direction of mountain chains and valleys 

clearly sbow three physiographic divisions in the district. 

These divisions are ... the cen~ral Highland, the Southam Slopes 

and the Nortbem Slopes. Map No. 61 sbobJS the average relief map 

or the district~ 

The vai'iation of' altitude vari.es from 600 metres to 

1800 metres and above. :&be second highest peak of l-1eghalaya, 

•Tbadraishan' (1893 m) is located 1n between Mairang and Nong­

stoin. The bill range of CentrtU Highland plateau climbs do-wn 

graduaUy to meet the hills of Garo Hills at elevations ranging 

from 1200 metres to 600 metres at various places. In the Central 

Bigbland 9 there are many bill ranges end plateaus having diffe-

. rent topographical charaeters. It could be cited in the exam­

ples of Sobiong and Uongsbill.ong valleys etc. Both the valleys 

having same types of hillocks and vall.eys tdth different 
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elevations. 'lhe directions of the mountain chains and plateau* 

are not homogeneous~ t·mst of the bill ranges and plateawc•" are 

lying 1n north-east to south-west direction, 1n case of south­

em part of the district. In the Northern. Slopes, tbe direction 

of td.ll ranges and plateaux· are in the east-~est direction. 

This, also, :is true :in case of Central Highland plateau. 

).4.2 Slope 

~e slopes of tbe high mountains and plateaux· play a 

vi tal role for demarcation of ecological zones in the district. 

Due to the rugged terrain, the variat:ion of slopes 1n the bill 

ranges and plateaux are significant. In the northern slopes of 

the district, slopes vary from 25° to t.o0• About ?0 percent of 

the area of tbi.s northem slope having average Slope of 4o0 and 

more. In the southern slopes, there are steep slopes ranging 

from 30° to 40°. The steepness is very high due to the Dawki 

fault line, \olbic.b :,.dj;sected the district from the Bangladesh 

plains. 

It is estimated tha-t more than 50 percent area of the 

cUstr1ct bas 25° to 40° sl.opes. Tbis could be easily estimated 
. . 

from the slope map of West Khas1 Bills district of Meghalaya. 

l~ap No. P shows the average slope of \>Jest Khasi Hills· 

district ot t-1egbaJ.aya. 
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In the valleys and nat areas, silt deposition is com­

mon in this district dUe to the degradation of steep slopes 

and crests. 

).4.3 Vegetation 

The regional variation. of natural vegetation is signifi­

cant in the district. The available natural vegetation, varies 

from sub-tropical to temperate vegetation in the district, 

according t::> the alti.tudinal rogions and climatic zones. Tropi­

cal vegetation is found generally upto an elevation of 600 

metres, upto 1200 metres 9 SUb-tropical forests and above 1200 

metres temperate £crests and grasslands are found. In case of 

some regions, the variation of vegetation is not related to its 

alt1 tude. Generally, evergreen forests are growing 1n low 

al t1 tude and 1 t is also found :in vast areas of the southern 

and northern slopes of the district, where elevation is less 

than 600 metres. But, it is also notable that the evergreen 

forests are also found in the regions where elevation is more 

than 1800 metres or so. Xhe pine vegetation are common in this 

district t·1bere elevation is more than 1200 metres h1gb. 

'l'be tropical vegetation, like - Sal, Teak, etc. are 

available in Sonapabar and Balat areas. The average altitude 1n 

this tt1o areas is below 600 metres high. 

3.4.4- Drainage 

There are very feti rivers in the distr-lct. The central 

Highland plateau is controlling the directions of rivers and 
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acts as tbe t-Vater-shed and tbe xi.vers ,, &low towards north 

and south of this bigb~and. The l'1ap Ho. B bas shOllll the dis­

tribuUon of rivers in tbe district. 

In the soutbem part, there are t111~ big rivers, namely, 

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

.. West Khasi Bills district and East Kha.si Hills district of 

l4egbalaya.. River Jadukata is almost draining throughout the 

.southern parts of tbe district. In the western part of the dis­

trict, river Simsang ·is fiotving to-wards Bangladesh plains. l'be 

rate of soil erosion is very high. 'ltlese ri.vers h~ve to over­

come hill ranges and plateau-;;.., making gorges and waterfalls 

and, carry a large amount of debris to the plains. 

l1m Krisiniya, is f~ol!ling towards the plains of. Assam 1n 
. 

tbe northern slopes of tbe district. It bas got few tributaries 

comng ·from the Central. Highland. In the Central Highland, River 

Kynshi 1s flot-Jing to the East Kbas1 Hills district. Due to the 

inadequate water supply !acUity, the bill people .have to settle 

down· along the riverside or near the spring site. Most of the 

settlements are found near tbe water only. 

3.4.5 Climate 

The climate· of' the district iS tropical to sub-tropical 

climate. There is. no varl.ation of climate in the district. The 

experience or temperature especially in summer season.is getting 
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higher and higher because of deforestation in the district. 

Due to tbe shortening of UJbum" period (which bas come dO\in 

from 20 years to 5 years), and tbe increase of population 

pressure, the district gets degradation of primary forests 

which is largely responsible .for cilanges of climatic factors. 

·Keeping the importance of all tbe criteria and their 

·characteristics, an attempt has been made to iden·Ufy the 

major ecological zones for the West l'Jlasi Hills district of 

Megbalaya. lbe identification have been done by superimposing 

all the ecological factors, like - relief, slope, vegetation, 

drainage and climate. lbere are ten ecological zones, identi­

fied for the \•;hole district, show.n 1n map No. 9,. 

3.5 Characteristics of Ecological Zones 

3.5.1 Ecological Zone No. 1 

This is a flat plateau top area with a few small defined 

plateau;,) and. valleys. This zone includes market centres, like -

Rambrai. and Mawshut. 

The composition of rocks in this zone is mainly Gneissic 

complex of rocks. A feB granitic rock formation is found in the 

easternmost po..rt of this zone. The average altitude ranges from 

1600 metres to 1900 metres high. Vegetation is mainly SUb-tropi­

cal Pine forests and some patches of evergreen forests are also 
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available in certain pocl-tets of tbi~ zone. The ave rage slope 

is very bigb9 about 40° and above in the hill ranges. ~e 

ra.i,nfa11- -is less ~ecause it falls under ~nshadow zone. High 

bills an~ plateau tops obstruct rainfall from rain bearing 

clouds· from the soutb. 

3.5 .2 Ecological Zone No. 2 

'Ibis zone is extremely disected t-;ith a number of small 

hillocks and platea~ .• :We valleys i.e •. flat areas are fully 

utilised .for agriculture. This zone includes the greater parts 

of Ma1rang SUb-division; Sohiong valley and Jakrem areas. 

The composition of rocks is the gneissic. complex at · 

·Hairang and Sohiong val.ley but in case of Jakran area, the 

composition of rocks is grani.tic formation. Tile ave rage altitua.e 

is varying from 1200 m to 1?00 m and the average slopes vary 

from 1'0 to 20°. Sub-tropical Pine vegetation is available in 

this zone. 

3.5.3 Ecological Zone Ho. 3 

This zone is a part of central highland of the plateau. 

River Kynshi is flowing in the southern part of this zone. The 

District Headquarters belong -to this zone at Nongstoin. Some 

parts of }1arkasa Sub-div.ision is also included in this zone. 

The rock composition is the Gneissic Complex. In tbe 

northern pa.rt 11 • gran.itic rock formation is found. Tbe average 
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aititude is 1400 m to 1600 metres. lhe vegetation is Sub-tropi­

cal Fine Forests. The average slopes vary from 25° to 40°. The 
~ 

annual average rainfall at Nongstoin recorded as 4200Amm in. 

1983. 

3.5 .4 Ecological. Zone No. 4 
1r,bis 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. m to 1300 metres~ The 

vegetation is mainly Pine and dense .bamboo forests. Tbe hill 

ranges and plateau tops are exposed ~ith bedrOcks. In northern 

part of this zone, some tributaries of Biver Kynsbi and Eiver· 

Balat are i'l.O~i1ng dolUD~ard through ttus zone. In summer, rain­

fall 1s high due to the southeast monsoon. 

3.5 .5 Ecological Zone No. 5 

Some parts of f·iat-Js;ynram and \'le1loi market centre have 

·· .been iricluded in tbis zone. This zone· is adjacent to Mawsynram, 

the place \'ihere -world's highest rainfall~ ( 12,163 mm) is record­

ed 1n 1983. 

------·-----------~---------------·~-----------------
2. Bainfall Data collected from StatisYc .. al ~d Eogk 1984, 

Director· of Economics Statistl.cs & ,b;valua iOn, Meghalaya, 
Sbillong, pp. 36-3?. 

3. Ibig. 



The bedrock formation is the Gt,leisstc Complex. Tbis 

zone is disected by Da"Wid. fauJ.t fran soutbem part of tbe dis­

trict. The average altitude Varies from 500 metres to 900 

metres. Vegetation is mainly bamboo forests. ~e average slope 

is very high ranging from 42° and above in tbe bigb hill ranges. 

3.5.6 Ecological Zone No. 6 

~is zone is disected from tbe main land by Da'Wld faul. t 

stretching from east to west. Tbe soutbem most parts, like -

Balat, Pam~unda belong to this zone. 

~he iUlasi Groups or rocks are round in tbi.s zone. This 

group of rocks have three fomations - ~1abadek, Jadukata and 

Sylbet trap. 

~e vegetation 1s mixed deciduous forests with Sal and 

Teak forests. lbe average altitude is less than 5oo metres. 

River Balat drains through this zone. 

3.5.? Ecological Zone No. ? 

This zone is almost a valley witb extensive flat land. 

The river Jadukata fl.OtiS towardS the south through this zone. 

Geologically, rock formati.on is the Gneissi.c complex. 

1be 'average altitude ranges from 400 metres to 700 metres. 

Vegetation iS mainly Bamboo forests. Some patches of mixed 

forests is also avail.able 1n this zone. The average slopes vary 

from 15° to 25°. clummer rainfall is medium to high. 
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3.5 .8 Ecological Zone No. 8 

ttle southern part of Riangdo, Nongumdang, Nongjonthaing 

and J ankre include in· tb.ts zone. 

The formation of rock is the Gneissic Complex ~ith 

varying depth of its composition. lee average altitude varies 

from 400 metres to 600 metres. Vegetation is mainly dense mixed 

jungle with sal forests. 

3. 5. 9 Ecological Zone I~o. 9 

lbe world's largest deposits of Sillimanite is found 1n 

this zone. This zone includes Biangdo proper and it acts as a 

watershed zone lo'.riering to the plains of Kamrup district of 

Assam. 

ibis entire- zone is covered by Gneissic complex. In 

R1angdo prope:f9 the formation of rock is silllroani te and grani­

tic. This zone is forested by moist ·deciduous forests lllitb Sal 

and Terut: forests. The average altitude varies from 800 metres 

to 1400 metres higb., 

3.5.10 Ecological Zone No. 10 

This zone is sloping down to'Wards the plains of Assam. 

It includes Nongkhl.aw and ~1a\idob areas. 

'lhe rocl{ formation in tbi.s zone i.s mainly of Gneissic 

Complex. The granitic formations is also available in tbi.s .zone. 
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The average altitude varies from 500 metres to 1200 metres 

tdtb few hills and plateau;. ... The average slopes vary from 40° 

and above. .:iub-tropical Pine forest, moist mixed decidUous 

.forest t.;i tb Sal trees are common vegetation in this zone. Rain­

fall 1s mediwn to high dUring summer season. 

).6 Identification ot Landfacets 

In the present study, 'landfacet• means the relative 

position of the topographic features over the earth surface • 

. 'l'be relative position of the topographic featUTes over the eartb 

surface vary from one region to another region. It could vary 

even 't:lithin the same region. Therefore, 'landfacet• identifica­

tion bas been done \'11thiD the ecological. zones only. (As has been 
shown in Hap No. 10) • 

. Four catego r1es of landfacets have been identified for 

tbe study. They are: 

(1) Valley bot tom;~, (flat land), 

(ii) Gentl.e slopes, 

(1U) ~"teep slopes, and 

(1v) Crests. 

Table !lo. 3.1 sbows the ecolog1.cal zones and their 

landf'acets. 

It has been noticed that the topographical cbaracteriS• 

tics of valley botto~. (flat land) differ from one place to 
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another. lhese differences occur 'l'iitbin the· same ecological 

zone also. Some valley bottom;s <nat land) are located at 

higher elevaUons and some are at lo'd altitude. ~e vegetation 

cover obviously diff'ers · from each other because of 1 ts di:ffe-

renee in al.titudes. 

Usual.ly "Jbum" cultivation is practised in the gentle 

slopes and steep slopes. Due to the pressura of population, the 

cycle of Jhum cultivation has got reduced from 20 years to 

5 years. ~1oreover, the rate of soil erosion is fa.Ster 1n ·the 

slopy areas compared to tbe valley areas. It also depends upon 

tbe vegetation cover of the sou. After s].ash and burning, the 

top soil. is exposed and gets degraded quickly. It is 'true in 

case of b1l.l. regions, that potentiality of soil could be pre­

served by afforestation and using 1 t judiciously. 

aceta of 

• . ' LS!ndface ts 
Ecological. ! Valley &ttom jGentle ' .::iteep ' Crests~ Total ' • Zone Nos 8 ~ ~fl~JansH .~es • Slo;ues ' f 

I D I 

I ' t 
!t 

t ' 1 2 • 3 t t 5 t 2 a 
..... _ 

9 ........... . 
1. I+ 3 3 3 13 

2. 17 7 8 3 35 
3. 8 4 5 3 20 

4o 3 3 3 3 12 

5. 3 3 3 3 12 



Table 1-Jo. 3•1 (Contd.) 

I .· · . . Lf!!!d&:a.cets 
TOtal Ec'ological f'itafiey Bottom : Gen Ue :steep : Crests t 

' Zone Noss 1 '!l&!t limd.l 1 Sloses ,slo_ues ' ' a • 
1 : 2 ! 3: 4 ' 2 ' 6 ' 0 _,_ 

6. 3 3 3 3 12 

'l. 2 1 1 1 ' B. 1 2 1 1 5 

9 .. 3 3 3 3 12 

10. 4 5 3 3 15' 
Total 141 

Keeping in. viet>i0 the topographical characteristics of 

landfacets~· 72 numbers of landfacets have been selected from 

six ecological zones {out of 10 ecological zones) for the 

deta~led study •. These six ecolog:ical zones cover more than 70 

percent of the total geographical area of the ctl$tr1ct. 

Table No. l:.2 shows the distribution of siX ecological 

zones and their landfacets. 

~l.§..No. 3,2 

9 Landiacets t 
•crests 

I 

Total t 

-

t ' • ' 
Ecological: Valley bottom: Gentle :steep 
Z..one rJg_§. . : ..{tl.s1} ! slopes l§l.~s...__... ___ __.._ ___ _ 

1. 3 3 3 3 12 

2. 3 3 3 3 12 

3. 3 3 3 3 12 

4, 3 3 3 3 12 

5. 3 3 3 3 12 

6. 3 3 3 3 12 

~:: : : to£@ ?2 -



3.7 Concluding statement 

~ • '? The above discussion could be summed up into tvo parts • 

'Dle first part dea~s liitb the iden tif'ication of ecological zones 

and the second part deals with the landfacets. 

·In this chapter, the term •Ecological Zone• means the 

spatial distribution and significance of various ecological 

fs.ctors like - topography, slope, vegetation, drainage,· climate 

etc. IJhese factors are responsible directly or indirectly for 

soil formation and its ybysical and chemical properties. The 

effects of the soil environment mastly depends on the interac­

tion of these ecological factors. Therefore, t~e west I\bas1 

Hills district of ~1egbal.aya has been divided into ten major 

ecological zones on the basis of above ecological factors. 

A discussion has been made for .the justif'ieat:lon of eco­

logical factors used ror the demarcati.on of ecological zones. 

At tbe S$Lle time the cbracter:lstics of each and every ecologi­

cal zone ba~i been 'cascussed in brief. also. 

In the second part, attention has been paid. for 'land-

. ~acets' identification. 'Landfacet • means the re~tive position 

of the topographic features over the eartb surface. ~e rela­

tive pos1 tion of the topographic features vary from one regi.on 

· to another region. It could vary even tiith:ln the same region. 

Therefore, this identification of landf'acat has been done within 

· tbe ecological zones only. There are four categ~r1es of land-



fAcet.s have been identified. l'bey ax,e - Valley bottom (flat 

land), Gentle slopes, Steep sl.opes and Crests. 

Six ecological zones have been selected out of ten 

ecological zones for soil sampling and about 72 soil samples 

have· been collected for analysis of physical and chemical. pro­

perties of sou. 

The identification of ecological zones and landfacets 

\.;auld lead to a micro-lave~ study. ~is level of study could 

focus the problems of soil erosion and degradation in the West 

Kbas1 Hi.Ue District~ 
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CHAPTER - IV 

,SOilt.. ~I£WS AND SOIL RATING lliDICES 

4.1 Introduction 

In understanding ecological processes and their impact 

on soil quali.ty changes, it is necessary not only to evaluate 

the soil Wider diff'eren t ecologiCal. conditions but also to 

classify and map it, in order to help in poU.cy formulation 

and land management and consequently, for better planning and 

land utilisation. 

Keeping in. view 9 tbe above obj ect1v·e9 the ?2 field 

~amples of soil from six eco·logical zones of t-Jest Khasi Hills 

District have been classified into soil rating indices. There 

are twelve variables which have been identified as the most 

important ones aJld obtained by £1eld collection and by measure­

ment. of physical and 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 Cbaraeteristics, and 

c. $.1te Character:1st1cs. 

A detailed llst of tbe variables is as the following: 

Group A: Physical Characteristics: 

X • Texture 
1 • 

~ • otructure • 

x3 .. Colour • 
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Group 13: Chemical Cbaracterist1cs: 

Xt.. • pH .. 
x, • l{g/Ba of l~i trogen • 

~ 
. Kg/Ha of Phosphorus • 

X? • Kg/fia of Potassium 0 

Xa • 1\t!/Ba of Organic Carbon • 

Group C: Site Characteristics: 

x9 :,Altitude 

JL, 0 : Degree of Slopes 

X.. 1: Vegetation, and 

JLa2 : Topography. 

As has been mentioned in Chapter - II, the Soil 

Rating Index attempted in the present study is by way of com­

bining the above twelve variables into a numerical Composite 

Index using Kendall's Princ1pal Component Analysis Technique 

(Appendix - I). Ulis bas been done in two stages. Firstly, by 

groupillg . the variables at the level of the tbree 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 tecbn1que uses tbe correl.ation . matrices of different 

groups of var:1ables til'dch give us valuable information and 

insight into the relationship of the variables, since the 

technique tries to optimize the SU!Il of squared correlations of 

the explanatory variabl.es. 
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4.1.2 An analysis of the inter-correlations of the variables 

of physical characteristics (Group A) sbows tbat the correla­

tion bet\ieen x1 (Texture) and ~ (Structure) is positive and 

significant at 90 per cent level of confidence. But, tbe 

correlation co-efficients between X.. and x3 (Colour) and ~ 

and x
3 

are both negative and signifi.cant at 95 per cent and 

90 per cent level of confidence, respectively. Tb1s may be due 

to that soU texture~does not vary with soil colour. Texture 

and colour have independent charactenstics. 'l!le negative cor­

relation betl:leen 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 sous. 

~erefore, there is negative correlation. jbe positive correla­

tion between texture and structure is due to that the primary 

soil particles - sand, silt and clay - usually occur grouped 

together in the form of aggregates. These aggregates form a 

certain patterns is called structureo jberefore,. the positive 

correlation is obviouso 

- x, 
X 1 1.000 

x2 0.129 1.000 

x3 -0.179 -0.134 1.ooc 
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4.1.3 .An anal-ysis of the correlation matrix of group of 

variables wder chemical cbara.cteristics 9 indicate that tbe 

correlation co ... eff1c1ents between the pH <x4 > and nitrogen 

<x,>, phosphorus (X6 >, and organic carbon (JCa) are negative 

and significant at 90 percent level of confidence both x6 and 

Xa· It is insignificant in case of~ and~· The correlation 

co-ef~icients :1n between phosphorus (X?) and Xi+' though posi­

tive, it is not significGnt. But tbe coiTelation coefficients 

between 1'5 and ~ and x8 are positive. It is ~ignificant at 

99.99 percent level of confidence bett-Jeen X, and Xa and insi­

gnificant bet\:Ieen X; and ~· Again, the correlation coeffi­

cients between ~ and ~ and x8 are _posit.ive. It is significant 

at 95' percent level of confidence between ~ and Xa. It is 

insignificant beween ~ and x7• ·Tbere is insignificant posi­

tive correlation between x7 and Xa. 

Table No. 41 2: Correlation Hatrix of Chemical 
Cbirasteristi~. 

~ Xs Xe, Xz Xs -
x4 1.000 

x, ..:o.o?o 1.000 

~ -0.1?2 0.029 1.000 

~ 0.002 -0.174 0.098 1.000 

xa -0.143 0.798 0.1?5' 0.059 1.000 
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From the above discussion it can be seen that there 

is negative correlation bet'l.ween soil pH and soil primary 

nutrients --nitrogen, phosphorus (though it is positively 

correlated but insignificant), potassium and organic carbon. 

l'he availability of the primary nutrients of soil do not depend 

on the soil pH but there is the range of maximum availability 

of the primary nutrients 1n tbe soil is at a pH range of 6.5' 

to ? .5, 1 since this ::-ange nearly belongs to the neutral point 

of pH. Uoreover, the average pH v8lue of the ?2 soil samples 

is ~.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. !'1ost 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 Eastern Hi.lls :Region is approximately 20;1. Thererore, 

it is natural that the two variables i.e. nitrogen and organic 

carbon should be (highly) positively correlated. 

Since.) the general availability of phosphorus and potas­

sium in the samples are not adequate, tbey do not indicate any 

significant relationship either ~itbin them~elves or within 

the nitrogen, phosphorus, organic carbon complex 11 

1. R.V. Tamhane, D.P. Notiramani, Y.P. Bali and R.L. Donahue. 
Soils; Thei:r Chemistry and F.a,!$illty in Troffical Asia, 
pp. 182-1839 PrenUce-Hall of .India Pvt. Ltd., Ne\li Delhi, 
19?0. 
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4.1.4. An analysis of the correlation of the variables of 

~roup c, i.e., group of variables under Site Characteristics 

sbow that there is positive relationship (significant at 90 

p.er cent level) between alUtude 0~) and slope (X10 >. This 

may be dUe to higher slope occurring in relatively higher 

altitude areas of tbe district. There is a bigil negative rela-

. tionship between altitude and vegetation (X11 >. ln the score 

system used, pine vegetation gets a lo-;;ier score, because of 

the fact that under pine vegetation, the soil is generally 

acidic and pine litter 1s not easily decomposed to form humus. 

Therefore, alt:l. tude and vegetation are negatively related. Tile 

relations.llip bet\~een altitude and topography (X12 ) is also 
.. 

negatively significant at 90 percent level because higher alti-

tude areas have greater ruggedness ~hich gets a low score on 

tbe basis of topographic scoring system (after Clarl{e •s ). The 
... 

relationship between 8lope and vegetation is negative and 

significant at 99.99 percent level.. This may ·oe due to the 

fact that higher slopes zones are either degraded or occupied 

by pine vegetation which get low score. 

!able No. ~: Cgrrelation Matrix gf_ Site Characterist!£§ 

-- ----~·--------------______ 39.·-------·-~~Q ___________ x~1.-l __________ x1~2--________ __ 

X '1.000 9 
x,o 0.239 
X, 1 '-0.4.36 
x12 · -o.273 

1.000 

-0.398 
·~0.663 

1.000. 
0.529 1.000 
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The correlation between slope and topography is 

highly, significantly negative (99.99 percent level). For 

reasons that hig·her slopes indicate areas of hi.gh ruggedness 

~hich get low score by topographic principle;. Finally, the 

correlation bett-Jeen vegetation and topography are positively 

significant ( 99.99 percent level) ~1bicb indicates· bigber 

score areas under topography occupying the valley areas and 

low altitudes (which are also areas o.f decidu·ous vegetation 

~~ich get a higher vegetation score). 

4.2 Analysis of Eigen values 

·In Kendall's technique of compo·siting variables into 

an index involves the u.se of eigen values or characteristics 

roots which are derived out of the correlation matrix. In the 

present study, the first eigen value which has also the 

· highest value among the vector o.f eigen values is taken to 

derive the weight vector or eigen vector which then is used 

··as a·multiplicative weight system ori the variables. But, the 

· · ~ven eigen value al.so indicates a very significant characte­

ristics· of the relationship betVJeen the composite index and 

· the 1ndivi'dual variables. The relationship i.s given by the 

value or· the eigen value divided by the number of. variables 

provides the ratio (or percentage) of' variables in the group 

·of variables explained by the variation in the composite 

in:dex. lberefore, this becomes a ve1·y significant indicator 
'· 

of bow adequate or otbertvise has been the use of' a particular 



eigen value in the· preparation of the composite index. ·. 

·In case of the group of physical variables (Group A), 

the bigheat eieen value (first principal component) bas a 

value of 1.309 w}licb expl<dns 43.3 percent of variations in 

- - -' ' of Variables i % Variation Group :First Principal :tJos. 
:component ' . t Expl.ain ed ' 

A 1.30 3 43.3 

B 1.87 5 38.0 

c 2.30 4 5?.5 

the group of variables. n1 variables of Group B0 the highest 

eigenvalue has a value of 1.8?, blhicb accounts for. 38.0 per 

cent of variations and in the group C (Site Characteristics) 

the eigen value has a very high value of 2.30, wbich accounts 

of 5?.5 percent variations. In case of all the three groups of 

variables, the first Principal Component accounts for more 

than 1/3 of the variations which is considered adequate in 

sucb analyses. Hov;ever, 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 prin­

cipal component. This is shown in case of Group C variables • 



' 4.3 Analysis of the SOil Rating Indices 

As has been explained in Chapter - II, the ?2 soU 

samples along with the related twelve variables falling into 

three distinct characteristics groups have been first com.po­

si ted into three indices - Index A, Indax B, and Index C indi­

cating compos! te score of physical characteristics, chemical 

characteristics and site characteristics of the samples, res­

pectivelY• In the second stage, all the three composite indi­

ces have been fUrther composi ted into a single Index I, repre­

senting the complete numerical soil rating status index for 

the samples. 

At first, all the samples and therefore, the ?2 obser­

vations have been classified into four groups on the basis of 

tbe characteristics of the landfacets i.e. into samples in 

valley bottoms, gentle slopes, steep slopes and crest lands. 

An analysis of table 4.5 indicating the classification of the 

composite index of physical characteristics sho1111s that the 

.]able No1 4.2: Com:nosi te Index of Ph;y:sici! 
Cb~acteristics;Index_h. 

si. :VJiey :Gentle Slopes ' Steep Sl.opes ··-crest -:--
' t 

No. •Bottom • ' t 

' ' ' t 
!(flat land) ' • e 

1. -2.189 -0-.243 0.003 1.546 

2. -1.696 0.722 0.961 1.258 

J. -1.682 1.300 0.?92 2.646 
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!Db~e No, 4i~~Contd.} 
Sl. : Valley,.Bottom :aentle ~lopes : citeep tilopes f crest 
rig. ! (flat 1'-and) t t t 

I --
4. -1.928 ..1.647 0.792 0.792 

'· -0.181 -0,25'7 -0.646 -0,441 

6 •. -0.427 -0.45'5 0.?64 0.313 

7. -0.723 2.203 0.?92 1.258 

a. -0.72.7 0.969 2.88? -0.6?4 

9,' . 0,687 -o.688 1.258 2~873 

10. 0.5'32 1.653 -0.413 2.88? 

. 1 i. -0.688 0.969 -0.9?0 1.426 

12. -0.6?4 -2.422 1.25'8 -1.188 

13.· -1.?38 -1.154 -0.660 -0.660 

14. - -1.?24 o1,4?? 1.258 1.258 ,,, -1.15'4 0,229 1.25'8 1.258 

16. -1.928 0.229 -1.413 0.687 

1?. -1.928 -0~90? -0.195' 1.25'6 

18. -0.195' -1.956 -0~441 1.0011 -Average 
o.46o value ~1.004 -0.226 0.9?3 

samples ( 18) under valley bottom land£acets are of coosistently 

negative values with an average of -1.004, 1he highest positive 

values are indicated 1n the crest samples ~ith an average 

0.9?3. The gentle slopes indicate an average score value of 

-0•226 and steep sJ.opes 9 o.~o. Tberefore 9 there seems a con­

sistence gradation of index value .from high negative 1n case of 
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valley bottom to high positive 1n case of crest samples. It 

~Y be ·rioted that because of •normalisation' of variables,. 

· ·tbe· avEh .. age for index scores is zero. It may indicate that 

overall physical cbar.a.Cteristics of soil of valley bottom 
7 

-tacets are not favourable. This may be due to the fact· that 

a1 though · tbe soil may be ·texturally favourable, they · are not 

favourable colour-wise and structure-wise. On tbe other band, 

. the crest soils are faVOUrable because of the Combination of 

811 the 'three principal physical chracteristics. 

An analysis of table »+ .• 6 indicating tbe classification 
,: . . · . 

. of the composite index of chemical characteristics showsLthe 

samples (18) under valley bottom landfacets are of highly 
~ ~ ~ . 

positive values with an .average of 0,1+16, which is the highest 
., I, • 

positive .. value. The gentle slopes indicate an ave rage score 

: 

Table - ~.6: Comeosi teJ!!dex of Cbeinica]. Chal~acte-
li§tics: Index B. 

~1 ~alley Bottom ;a en tle Slopes :~teep Blopes ; Crest 
No. :<,nat land) I • • I • 

. 1, 1.S47 -3.130 -0.883 -0.6?6 
2 •.. · 1e178 -2.875 -1.644 -1.186 

.3. .. -0.854 -2.895 -0.8(1) 1.9?1 

4. -0.941 -0.44? -2.208 -0.440 

5. -3.843 0.095 -2.61? -0.098 

6. 1.291 0.032 0.?64 0.?69 

7. 1.200 0.5'31 3.~6 3-932 
I 
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Table !+•6 (Contd,) ' - t ' ' I . 
Slopes ' Steep Slopes ' Crest Sl. ,valley Bottom .:Gentle ' I 

No. :<nat land} ; I I 

' t . 

8. 1.1467 1.65? 0.983 -2.5o8 

9. 2.265 2.5'45 -0.285' ·3.135 

-,a·. •1.QSO -o-.899·· · 2.485 . ~0.554 . 

11·. --0•252. - 0.856 ·o.5'64 ·-0.903 

12. -0.785 2.5»+5 -0.025 •0.86? 

13. .. 0•978 2.5'84 0.9?8 1-.916 . 

14. 2.136 1.824 . 2~ 136 0.0?5 

15. -0.452 ).048 -0.452 -3.384 

16. -1.433 -0.473 -0.403 -1.9$4 

1?. .3.918 -1.186 -0.648 -1.9?8 

18. 1.117 2.227 -2.723 -0.473 

Average 
value 0.416 0.336 -0.0?3 -0.1?9 

value of 0.336. In the steep slopes ~d cres~ samples are ot 

consistently negative values with the averages of ~0.0?3 and 
. . 

-0.179 9 respectively~ It has. been noticed that t.bere is a gra• 

. dation of index values from high positive in case ot valley 

_ bottom to lo"W negative 1n case of crest samples. Therefore, it 
. . 

may indicate that the chemical cbaract~ristics of soU in the 

'valley bottom' facets are most favour.able. 7bi.s may be due to 

. the nat land, ldlere deposition is more from uplands ·and mar-
\ 

. g~al impact of soil erosion or degradation • on the other band, 

in the steep slopes and the crest samples., the compoSi.tion of 



chemical characteristics of soil are poor with negative index 

scores. This mey be dUe to the fact that these areas are most 

'vulnerable t areas of the district, dUe to its steepness or 
the slopes which causes soil erosion and degradation. 

An analysis of table lt. 7 indicating tbe c1ass1ficat1on 

ot the. composite indeX or Site Characteristics ·sbo\fs that the 

·samples (18) under valley bottom lendtacets are of consistently 

~§ 41Z~ ~!ii9~~e Inge! of Site Cbaract~ristiss: 

Sl. ;Valiey noaom fGentie Slopes T&eep Slopes f <!rest 
No, lta~ lrodl_ 9 • ' -
1. ].621 -0.?04 -2.1?5 -1.2)3 
2. 3.091 -0.557 -1.9;4 -1.116 
3· 3-528 -0.010 -1.?92 '-1.546 

·. 4. 2.918 -1.4~ -2.419 -2.~5 
;. 2.09? -0.25? -1.080 -2.49~ 

6. ).284 1.555 -2.320 -1.345 
?. 0.238 2.016 -2.118 -1.?63 
8 .• J.284 0.165 -2.3?9 -4.)83 

.. 9· -0.3?8 -0.)53 -2.239 -1.48? 
'10. 3-528 . -0.698 -2.331 . -2.334 
11. 2.899 0.438 -1.763 -1.944 
12. ).045 0.103 -1.763 -3.1?1 
13. 3.103 -0.813 -2.605 ' -2.60) 
"14. 0.899 -O.S49 -2.605 ' -2.605' 
15. 2.5?5. -1.rl>9 -2.249 -2.249 
16. ).003 3-5~ 0.860 . 0.?21 
1?. ).048 3-55~ o.oo2 0.821 

'18. 3-554- 2.98? 0.002 -0.011 
lverage 

2.852 
.. 

value 0.431 -1.695 . -1.?34 
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positive val.ues \<lith a highest average value of 2.85'2. The 

negative values -1.695' and -1.734 are indicated 1n cases of 

the steep slopes and crest samples, respectively. In the gen­

tle slopes, indicate an average score value of 0.431. ~ere-

. fore, there seems -a consistent.graciStiOil of index value from 

-b~gh ·posiUve in case- of valley bot tan to high negative 1n 

case of steep slopes and crest. samples .• It may. indicate that 

site characteristics of soils t:>f valley bottom facets' are most 
., - ' . 

· · favourable. This may be due to the fact that the ava1labi11 ty 
) '! ... 

of (soil) ma.,jor nutrients for plant growth are favourable. It 

is also favourable in case or. topography in the valley bottom 

·since the lend surface is almost nat or pl.ain. But in case of 
. .~ \ 

genUa slopes, topography which .is some'What unqtJl_ating, gets 

less score. llte ruggedness is more prominent in cases of steep 

. slopes and crest ·lands, where practically no favourable site 

. c~acterist1cs. for plant growth can be observed. 

An analysis of table 4.8. 1ndicat1ng th~ classification 

of ·the Cornposi ted Index I, sl1ows- that the samples ( 18) · under 

'.valley bottom. landfacets are. of consistently positive value / 
, . v-" 

~itb a 1'4.gbest average score of 1.866. _In the steep: slopes an-aL 

crest samples, are of consistently negative values with the 

averages Of -1.058 and -1·.15'2)respect1veJ.y. The gentl.e Slopes 

indicate an average score value.of 0.339. ~erefore, there 

seems to be a consistent gradation of composite Inde~ value 



-103-

~~ 4~: Qompgsitgd Index qf A, B, and c: Index I. 

s!. Nilley §&£~om :uende --Slopes ~ steep slopes crest--' ]Jo, !<nat l€!Jld) · • ' l 
I 9 I -

1. 2.984 o.286 -1.53' ·-1.50'/ 
2. 2.~'/8 0.300 ~1.566 .. o.868 

3· 1.900 -0.282 -1.026 -2.135 
4. 2.484 1.138 -1.134 -1.1.36 
;. 1.297 -0.136 0.913 0.240 
6 •. 1.529 1.248 -1..404 .-0.8~ 

·'I· -0.595' 1.287 -1.'/89 -2.e64 
B. 2.137 -1.820 -2.855 -1.699 
9. -1.32? -1.368 -2.311 -2.312 
10. .1.332 0.660 -0.225 -3-185 
.11. 2.196 -0.241 -0.382 -1.588 
12. 2.166 ... o.982 ..;1.598 -0.896 
13 •. 2.003 0.584 •0.495 -0.368 
14. 1.658 0.610 -2.086 •1.170 
15. 2,854 -0.230 -1.383 0.030 
16. ·2.917' 1.399 0,51•1 -0.469 
t?. 3.036 2.146 -0.668 -O•l.t67 
18. 2.5'30 1.503 -0.058 -0.141 

AVei'aie 
. -

value 1.866 0.339 -1.058 .-1.152 

from higb positive 1n case of valley bottom to ltlgb negative 

in case of crest samp~es. It may indicate that there are posi­

tive average value 1n cases of chemical and 53.te characteris­

tics of soil L"l the valley bot tom 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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·bas been noticed that tbe valley bottom land is five times 

favourable than the gentie slopes, although it has got an 

average positive value. The parameters of all the three cha­

racteristics of soil have· been found unfavourable to\Jards 

highlands and crest ecologies. 

'+~3.1. Out of a total of ten ecological zones 1dent1.fied 1n 

· the district of West Khasi Eill.s, su ecological zones ·namely 9 . 

No. 1: Rambrai Zone, No. 2: Mairang Zone, No. 3: Nong~'.toin 

Zone, No. 4: Mawkyrwat Zone, No. 5': Mawsynram and·its annexe, 

and No. 6: Balat-Pamlrilnda Zone have been taken for detailed 

analysis 1n tbe present study • 

. In tbis six. ecological zone a., . al-l the 72 .soil samples 

were taken purposiv~ly, t\ielve from eat:b zone and keeping in 

view tnat they are well distributed spatially as ~el1 ·as over 

·the four main categories of landfacets. 

Analysis of the composite indices over the su ·.ecologi­

c~ ,zones would provide compaJ.~ison of the sou, status and soil 

suitab:1l1 ty bett-teen different ecological zones. The index of 

· physical characteristics has shown in table 4.9, shows that tbe 

a.ve~age value of the composite scores of physic~ parameters 

are. positive in ·ecological. zone .1, 3 end, 4, the average value 

··being 0.164, o.85o and 0.342~ respectively. Orie ·may point out, 

as seen in earU.er part of this . chapter that llhysical parameters 
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are relatively favourable towards highlands and crest ecolo­

gies. It can be seen tbat the ecological zones 1 11 .3 ana 4 are 

largely plateau top areas and highlands. The highest average 

positive value occurring in the Nongstoin Zone tibich has many 

bUl ranges. The average negative values qceur in zone 2, 5' 

and 6 which are essentially low slope areas, valley areas and 

low altitude areas. 

Table -4&2: Oomnosite Index of Ph~si~~ Character1s-
tiss; index A. 

81.. ' Ecolog!- \Ecolo@i- picologl- ;Ecologi·- prcologi- t.EcoiOgt: 
I~o. i cal ~~ ~~ f~ ~~ ~~ 

I lQQ§ l ~~on~ 2 .:~an.§ 3 .~!.!~ 4 !ZoOtl 2 l~e ~ 
1. -2.189 -1.928 -0.723 0.$32 -1.738 -1.928 
2. -1.696 -0.181 -0.427 -0.688 -1.724 -1.928 
3. -1.682 -O.lt-27 0.687 ... o.674 -1.15'4 -0.19; 
4. -0.243 -1.64-7 -0.907 -0.688 -2.422 0.229 
; .. 0.?22 -0.257 2.203 1.653 -1.1;lf. -0.907 
6. 1.300 -0.1+55 0.969 ,-0.969 -1.4?? -1.9;6 
7. 0.003 0.792 0.792 -0.413 -0.660 -0.413 
a. 0.961 -0.646 2.887 -0.970 1._~8 -0.195' 
9. 0.791 0.?64 1.25'8 1.258 1.258 -o.lt41 
10. 1.S&t6 0.792 1.25'8 2.887 ··0.942 0.687 
11. 1.2S8 -0.1+4-1 -0.67 ... 1.426 o.oao 1.258 
12. 2.6lt6 0.313 2.873 -1.188 -0.942 1.011 -o. 164- -o.:rr; o.s;o 0.342 -0.801 -0.398 

An analysis of the index· of cbenncal parameters table 

4.10 indicates tbat ecological zone 3 i.e. Nongstoin Zone bas 

the bigbest average score of 1.;32. This indicates that this 

Zone is most favourable both by physical parameters and chemical. 
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parameters. Dle other ecological zone wi tb positive average 
., 

score is Zone ; • ~he rest. of tbe four zones have average 

negative scox-e values. This uould in~cate that by chemical 

parameters only t\io ecologic-al zones bav~, on an average 

favourable soU qualities • 

Sl. 
No. 

1. 
'2-~ 

·3· 
.. 4. 
.;. 

.·· 6. 
. ·. '7.. 

. a. 
'9· 

·. 10. 
. 11. 

' 12. 

.'!~!§...- 4il0: C=osi'[: Index 2f_Cbemis;:a1 <2laraeteris-
.. ~ . .: d!m .. :B· 
: Ecol.Ogi ... , .fECo~otii- f.ECoiog!-'iECoiOgl- iEColog1-IEcologl-
•, cal teal 'Cal :cal leal- ~al 
: Zone 1. :Zone 2. !zone 3 izone I+ jZone 5 !Zone 6 
I ' 

.-0.676 -o.lt40 3·932 -o.;54 1.916 -1.9~ 

.;.1•186 ·· .-o.o98 -2.508 -0.903 0.0?5' -1.978 
. .;,.3.130 ';~;0. 769 3.135 .. -0.867 -3.384 -4.009 

. -3.130 ' .. 0.447 0.531 -0.899 2.581. ~O.lo-?3 

. -2.8?5 . ... o.o9; 1•6"5? .. ... o.a;6 1.821+- -1.186 
:-2.895 0.032 2.;4;· ... 2.;4; ).048 2.22? 
. 1.S4-7 '-0.941 1.200 -1.0SO 0.9?8 ·. -1.4-33 

1.1?8 . . .-3.843 1.t.6? ' .;o.252 2.136 . ).918 
. -0 .• 8$4 1.291 2.a6; . -0.'78;' -0.4-52 1.11? 
,-:0.883 . -2.208 ).466 ' 2.lt8; -0.393 ;.0.403 
,-1.644 . -2.617 0.983 ·. 0.564 0.40; -o.6lt.S 
.• 0.806 

' 
0.?61+ -0.285 -0.02? -1.087 -2.723 

.;,.1.019 -0.637 . 1.532 ·-o.or;B 0.4-?8 -0.629 

An. analySis: of the com.POsite ·index of site parameters 

(Characteristics) bas .been shoVl 1n table 4.11, which· indicates 

that ecological zone 6 i.e., Bala~Pumkunda Zone has the highest 

average score of 2.243. This indicates 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 ecological zone bas ari average favourable 

soU qualit1eso 

Table • 4.11: Igrnposite In.4§x of Site Characteristic.§: 
dm,s c. 

Slo f Ecologi- ··'; Ecol()gi• :&colog:L- p!:cologJ.- · ~ologi• ~ologl-I rso. I cal ' cal · •cal · •cal :cal ,cal 
' ' ' t ; Zone 1 : Zona 2 :zone 3 -IZone 4 tZone !$ :Zone 6 

1. 3.621 2.918 0.238 3.5'28 ),103 5.003 

2,. 3.091 2.09? ).284 2.899 0.899 ').048 

). . 3.528 3.284 0.3?8 3-o85' .2.575 4.3?4 

4.- _.;.O.?Ol. -1.4~ 2.016 -0.698 -0.813 3-554 

5. ·-o.557 -0.257 0.165 0.4)8 -0.5'49 3-554 

6, -0 •. 010 .1#.555 -0.553 0.103 -1.069 2.987 

?.· -2.175' -2.419 -2·.118 -2.331 ..;2_.605' 0.860 

8. -1 •. 95"4 -1.080 -2.379 -1.763 -2.605 0,002 

9. ... 1.?92 -2.320 -2~239 -1.763 -2.249 0,002 

10. .-1.253 •2.255 -1'.763 -2.33lt. -1.441 0.721 

11. ·-1.116 -·2.494 -4.583 :-1-944 -2.588· 0.821 

12. ~1.5'46 -1.31+5 -1.48? -3.171 -1.195 -0.011 

~0.0'72 -0.310 -0.?5'3 -0.333 -0.?11 2.243 

An enalysis of the composited index I has shown in 

table 4.12. Xbe average scores of composited index I are posi­

tive in ecological zones 19 2 9 ' and 6 9 the average value being 



0.012, 0.2o80 0.059 and 1.231, respectj.vely. The rest of the 

t~~ ecological zones iGe. Zones 3 and ~ have average negative 

scores of -1 G 186 and ... 0.317_, respectively. The highest average 

·positive value occurs-Uil tbe Balat-Pumlnmda Zone which bas lot1 

altitude a1·eas, gen t:Ly undUlating topography and thick jtmgle 

of evergreen forests. Tbe second highest positive va1ue 

occurs 1n the ~1airang Zone, which has extensively large valley 

areas in between many b1ll ranges. Altbougb 9 the average com­

posite index values are positive in case of Zones 1 and 2, they 

are not significant. This may be due to the location of the 

.zones. Zone 1 falls under tbe rainsbadol:l of the South-\'Jest 

~1onsoon and Zone 5 falls in the steep slopes of the southern 

part of the district. This would indicate that by the parame­

ters of the composite three indices only two ecological zones 

i.e. Zone 2 and 6 have an average favourable soil qualities. 

jable - 4_,]2: Ecglogical Zone-wise C1a.ss1;fisation ot 
ComROsite Index :f. 

S1. : ECologi- ~cologi- \Eeologi: :&colog1- ~olog1:"" :B:ologi: 
No. ~ cal. leal :Cal ~cal ~~~ ;cal 

: Z.~ne floe1 :zone No.2 ;zgne No.3 ;zone no,4 .Zone No.5' :zone no.~ 
1. 2.834 2.356 a0e446 1.133 1o730 3.507 
2. 2.~; 0.915 2.100 1.?1? 1o353 3.530 
3. 1.841 1.292 -1.327 1.755 2.488 2.?37 
4. 0.656 0.5'?6 1.166 0.3?5 0.516 1.304 
50 0.007 0.036 -1.672 -0.620 0.039 2.163 
6. -o.o?2 o.a~ -1.~16 -1.112 -o.262 1.?42 
7. -0.194 -1.147 -1.562 -0.362 -0.815 0.923 
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8. -1.597 0.933 -2.98' -0.012 -2.254- -0.848 

9· -0.935 -1.6lt-3 -2.150 -1.220 -1.484 -0.009 
10. -1.180 -0.??3 -2.268 -3.219 0.126 0.049 
11. -0.76? -0.019 -1.5lt6 -1.?22 -1.113 -0.290 
12. -1.969 -o.B?B -2.212 -O,lK>2 0.389 0.059 

'~ 

0,012 0.208 -1.186 "!"0.31? Q.059- 1.231 

. . 
· .4.).2 .M· has been mentioned 1.n Chapter - II, the _Qk>il ·Texture 

. ~'and Soi1 COlours o·f ·t.be samples bave been presented in textural 
'• ·;·. 

8.l'ld coloul' cla~e.s. · ... · , . . . . -

·_4.,j.2•·1 SoU Text~~ Classes· 

. -~ analysis· -Qf Table 4~ 13 irld1eat1ng Soil Textural 
. -

classes shows that out of the ?2 samples, 16 samples const1tu­

, ··. ting 22.2:percent are or Clay (C) Category:. The Clay category 

T~b2=~ • !ts.ll: &?1~ Textural C~asses. 

Sl,' Textural i~emes ;1•extural : Nos. of Percentage 
Ug,l (Soil glass l :sxmbol : Samples • (%) 

1• Sand· a 0 o.o 
2 .• Loamy Sand LS 3 4,2 

3· Sandy Loam sL 1.1 15.3 
4. Loam L 6 8.3 
s. Silt Loam· SL 3 4.2 
6. Sil.t Si 0 o.o 
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T-~le - 4,1j (Cqntd.) 
flextural : l\Tos. ot: : Percentage s~; ·:rextural r~ames 

No. l {§Qil Qlass) .:sympol : Samples ! UD 

'/. sandY Clay Loam SCL 6 8.3 
a. Clay Loam CL 6 8.3 
9. Silty Cloy Loam Sc.l 3 4.2 
10, Sandy Clay sc 13 18.1 

11. Silty Clay Sc 5 ?.0 
··12. Clay c 16 22.2 

Total 72 100,·0 

dominates t:Jitb an overall share of 47.3 percent. The second 

. most dom:inant textural class is the Loam (L). Sanely Loam (sL) 

domin~tes· this group by 1' .3 percent i:ll the overall share, 

However, the loam group as a t<lhole b~ ~9.6 percent share of 

tlle samples. 

It may be noted tbat the valley soils are of deposi­

tional character and tbe finer particles get depOsited year 

after year, It is natural that the valley soils "tJOuld be domi­

nated by greater percentage of clay group of so11. Tbe gentJ.e 

slopes and crest facets could be of mild erosional character, 

but are dominated by loam group of textures •. 

\ v, / 
~-1ap No. 12 shot:;s that out of the six ecological zones, 

Zone 1 9 3 and 4, which are predominantly highland areas, are 

dominated by L)mldy (S) elld Loamy or Loam group of soil except 

the iso~ated valley facets, i.dlere clay group. can be Observed. 
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()n ·~the· other band,· ecological Zone 2, ; and 6, libich are pre­

donlinan tly valley areas and lowlands, are do~ated by clay 

group 9f soils except the isolated spurs wbe re, the loam or 

ssmd groUP can be observed. 

4.3.2.2· .Soil Colour Classes 

.. An analysis of table - 4.14- indicates that, Brown (B) 

Soil (10 m5/3) dominates tbe samples with 15.3 per¢ent of 

share wittU.n the 19 classes of soil colours. on the other band, 

TiiJ!!;Le - !;t.]4: §gil. Colour gasses 

• Name of the Soil Colour 
t . . . . . . 

Sl~ &Colour : Nos. of: Percentage 
No~ :Symbol : Samples : . <%) -
1. Yellow Brown (10IR5/4) Ib 4 ').6· 
2. Ligb Yellow Bro-wn (2.5I6/4) Lyb 6 8.3 
3· Oll.ve Brown (2.,-il+/1+) Ob 1 1.4 
4. Pale Brown (10IIi6/3) Pb. 6 8.3: 

'· Brow (1011\5/3) B 11 15'.3 
. 6. Y~lo'I:Jisb Brow ( 10m5/4) Yeb 3 4.2 
7~ Bro~isb Yellow (101B6/6) By 4 5'.6 
8. Light· Brownish Gray (2.5'~/2) Lbg 4 ;.6 
9. P1nk1s'n Gray (7·.'5YP6/2) Pg 1 1.4 
10. Pale Yellow (2.5'17/4) Py 2 2.8 
11. strong Brown (? .5YFJ+/6) Sb 6 a.·3 
12. Yellow ( 10111? /6) y 1 1 .~ .. 
13~ Reddish Yellow (?.SYPC/6) Ry .· 1 1.4-
14. Dark Yellow Brown ( 10YR4/4l Dyb ' 7·0 
15. Very Pale Dro~n (10IR7/4) Vpb ' ?.0 
16. Dark Bl'O\\lD ( 10IR4/3) Db 6 8.3 
11. Grayisb Bit>wn (2.5Y5/2) Gb. 3 4.2. 

18. Dark Grayish Broblil (2.514/2) Dgb 1 1.4 
19. Very Dark Gl'ayisb Brol:m. 

~l0n13l2l 
Vdgb 1 1.4 

Total Z2 ]00.0 



tbe broun group of soil has a significant dominance \!11th 90.5 

percent of the share or, samples. This overall dominance or 
brow· group rnigbt have resUlted dUe to several factors, sucb 

as the l>resence Of' large bumus content in valley soils, pre­

sence. of . semi--decomposed and unconsolidated biotic matter in 

·valley and gentle slopes, and forested sites, presence of iron-
~ ., 

. oxides which diluted t-Sitb humus undex· moist condi.t1on~ ~oul.d 

provide b rot'tlisb colour etc. 

Map No. 13 sbO't'Js tbe spatial distribution of soil 

colour and 1 t bas been noticed that there 1s distinct spatial 

distribution lui. thin bro'Wn colour group of sons. In the slope 

areas i.e. gentl.e slopes, steep slopes and crests, are domina-

. ted by Brotm, Dark Bro~-n (Db) and Strong brown ( Sb ) colour of 

~oilS. on the other hand, ligbt brobn (Lb) and Pale bratm (Pb) 

colour of soils are found in the lowlyi.ng areas, particularly 

valley bottom landS. Tbi.s i.s because the valley soils are 

~ominated by greater percentage of humus in the top layers as 

well as tbe greater percentage of clay particles, llbereas the 

slope soils are dominated by sand and loam textures with pre­

sence of quartz, silica, with a rair amount of ferrous oxide 

(Fe2o5) which g1 ves it a dark brown and reddish brown colour. 

4.3.3. SoU Bating status 

The Compos1te Index 1, i.e. of the three sub-groups A, 

B and c for the 72 soU samples have been arranged in ascend­

ing order and tbe samples have been quartiled into Category I; 
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Poor _Soils; Category - ;II: 11ettlum Soils; Category - Ill: Good 

Soils and Category - IV; Very Good Solls~ 

At first ali tba samples, therefore, all the ?2 obser­

vations have been· categorised into ecological zone;..wise. An 

analysis .of table 4.15' sh.ows that tbe Soil Rating Status (Eco­

logical Zone-t-Jise) that the ecological Zone 6 9 1. e. , Balat 

Zone has the best quality of soil (among the six ecological. 

zones) indicating 50.0 percent of very good soil.s (IV) class 

t11ith111 its 12 samples. This may be because of low altitUde and 

mixedr:decid.Uous for·ests which could conserve the nutrients from 

~Qle 1t.35': §oU ~eti.ng Btatus (Ecological Zone Wise) 

Ecoio- f Category - I ~Category-ll · ; Category-III; 'category-IV 
gical 1 Poor Soils ;a~edium SOils : Good Soils : Very Good 
Zones ' ' ' ' Soi s 

' , Per- ~ Jos. :Per- . : Nos. ; Per- : os. j er-
. ' 
' :cent •of •cent I Of i cent 1 of 1 cent 
' t ' ' : sam- t ;sam- f : Sam- t Sam- t f t t 
! p1es ' !ples ' ules ' ! ples; 9 • 0 

1. 3 25 .• ~. 4 33.3 2 16.·? 3 25.0 

2. 1 8·.3 3 25.0 6 ;o.o 2 16.7 

3. 9 75.0 1 8.J 0 o.o 2 16.? 

4. 3 25.0 a. 33.3 3 25'.0 .2 16.7 

5. 2 16.? 3 25'.0 4 33.3 3 25'.0 

6. 0 o.o 3 25.0 3 25'.0 6 ;o.o 

erosion, clay dom1nance of texture and higher humus availability. 

It bas also a s:LgnitJ.cant percentage of good soil (III) and 

medium {II) quality ~oil class~ and there are no .samples 
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belonging to tile lo~est class i.e. very poor (I) soil.s. SOil 
.. . ' . 

status-l.dse tbe second best ecological zone i.s the ~1a1rang 

zone, i.e. Zone 2. It has got 50.0 percent of samples under 
.; . 

good soil category (In), Bitb 16.? percent as very good (IV) 

soils. lbis is because of the extensive valley bottan <nat) 

landS l!Jith small bill ranges, ltihich are fully utilized for 

cultivati.on. The occurrence of medium (II) quality of soil is 

25.0 percent and 8.3 percent is poor (I) category of soil. The 

third beat zone in terms of soi-l quality 1s Zone 59 1.e. !4at:a-
\ I 

synram and its annexe zone, indicating 33.3 percent of good 

soils (III), 2~.0 percent of ver-J good sons {IV) and 16.? per 

cent under the poor (I) quality of sous. In case of medium 

(II) quality soilt it has got also 25 .o percent of the samples. 

It is because of the gentle slopes, the mixed forests mainly 

bamboo interspersed 'tl11tb a great many river valleys and valley 
l 

soils. The Zone 1, i.e. Rambrai Zone, has come next. to Mawsyn-

ram and its anne:xe zone 0 in terr.11s of soil quality status. This 

zone bas 25.0 percent of very good soils {IV), 33.3 percent of 

medium (II) quality of soils and 16.? percent of good (III) 

quality of soils,respectively. The percentage of medi~ quality 
. . 

of soi.ls is hie.h, because Bambrai is dominated by highlands, 

sparse pine vegetation~ soil degradation and low rainfall. ~ 

Zone 4, 1. e. Ic1a'Wliyr\-Iat Zone bas 33.3 percent o.f medium soils 

(II) 9 25 .o percent of poor soils (I) and theretore9 . domi.nance 

or belO\i average quality of soils. The soil quality 1s generally 
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poor in ecological Zone 3, i.e., Nongstoin Zone l.:iitb ?5' .o per 

cent of poor qualit.Y of .soils (I) and 16.? percent of very 

good quality of_ so1is. Xbe occurrence of poor qua.l1ty of soll 

is very higb because of its tcpograpbical characteristics. 

This Zone is l.argely a p1ateau top with bigb bill ranges an~ 

sparsely di~tributed pine vegetation. The soil quality under 

pine vegetation is generally, not favourable tor the plant 

growth or cultivation. l-1oreover, most of the hill slopes have 

been utilised for 'Jbum • cultivation resUlting in soU erosion 
.. < 

and degradation. Map No.14 sho\..;S the distribution of Soil Cate-

gories in the ecological zones. 
An analysis of table 4. 16 indicating Soil RaUng 

.. ' 

Status (landtacets li:i.Se) shows ??.; percent of very good qua-

lity of sons under valley bottom landfacets. The gentle slopes 

T~bl~ 41 lfP So;&l R£itin~ ··•tatu _J .. La.Odf. t . . ) · ' ~ s_-\·- ... a£e..:.s.!";tp.~e;..~.:i.~: ..... 

' Category-~ ~ategory-II :Category-Ill : Category - fv t 
Land- ' Poor Soils ~edium IGood Soil.s i Very good ' facets ' So s . ' SoUs 

' ~os. • Per : Per ' OS :Per -~ r·os. ' Per ' t t 
t of ·• cent : cent ror i cent 'of J cent • ' ' ' Sam- • ' Sam- ' Sam- ' • ' t ' ' • ' t nles • I t»les • ! p1es • I I ' • ' 

Valley 
Bottom 1 ;.6 1 
(flat 

;.6 2 11.1 1a. 77.8 

land) 

Gent1e 2 11.1 4 22.2. 8 44.4 22.2 
Slopes 

Steep 9 ;o.o 5 27.8 4' 22.2 0 o.o 
Slopes 

crests 6 33.3 8 44.4 4 22.2 0 o.o -
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have 22.2 pe:rcent of very good quality of soil.S and 44.4 per 

cent good soilS. In cases of steep slopes and crests, the 

very good quality of soil is less (very good zero in both 

cases and good soils 22.2 percent eacb). Therefore, there 

seems to be a very positive relationship between so~l quality 

and tbe land£aeets. 7be quality of soil decreases in tbe 

increase in slope. It is possibl.e that, due to 'deforestation • 

and 0Jbum • culti.vat1on9. tbe upland soils have been· degraded. 

Map No. 15 sholvS that the very good aoil.s are mostly 

dominated in Valley bottom (flat) lands and tbe poor soils are 

found in ti,le steep slopes and crests, accounting more than 

5'0.0 percent and 33~3 percent, respectively. In Valley bottom 
·-and gentle slopes, tbe occurrence of medium and good soils are 

also noticeable. ~s 'is because of greater soil retention 

capacity of soUs 1n these facets. 
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CHAPTER ... V -------=--

/ 

'.1 Contrary to popular n;at1ons 9 land is the 'ultimate 

resource'. The growing demands on. non-renewable resources by 

the present 'IndUstrial Ci.villzation' and constant depletion 

in these resources has no~ raised a question 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 ,_..,~ as a greater sustainable standard of living. 

In this context, pre-eminence of land as the most dUrable 

resource of sustenance of human beings comes to the fore. 

After all, the interplay of a1l other renewable resources like 

lliater, vegetation, solar energy and the various nutrients of 

the ecosystem takes place largely on the landmaSs, s~nce its 

contact with the human society from the point of view of habi­

tation and food is mucb greater than tbe aquatic ecosystem, 

since, man after all is a terrestri.al being. 

Therefore, understanding, management and preservation of 

this vital resource i.e., land is of the greatest importance 

to man now. R-iore so, is the case of the developing countries, 

because of the overwhelming dependence of their population on 

the land and soll resources. The North East Region of India 

is especially dependent on land resources, since nearly 90 per 

cent or more of the popul.ation still depend on agriculture or 



• 

l.and related activi.ti.es. The problem becomes even more acute 

in the CS$e of tbe large tracts of areas · inhabited by tribal 

population, princj.pal.ly tbe bil.l areas of the region. 1tle 

general ievel of backwardness 1n these areas is even more 

striking. tln.fortunately9 the iand resource which is the Cbief 

means of living of the population is the least managed along 

scientific principles; rather it is subjected to fast ecologi­

cal degradations dile ·to age old practices, and taboos, some of 

which are certainly harmfUl. and destructive. Tbe case in point 

may be the •shifting cUltivation •, although opinions may be· 

divided on the beneficience or otbenrise of these techniques 

of agriculture. With the growth in fOpulation and the falling 

•carrying capacity,. of land, these tradi.tional techniques w.bicb 

m1gbt have served usefully the society, have outgrow their 

utility, because the socio-economic context bas changed or· 

a:re changing very f'ast • 

.. However, little scientific data and analysis have been 

carried out in these areas 1n terms of the nature of" land uses 

and the character of soil quality and degradations of land 

under tbe accentuating ecological stresses and .strains to tihicb 

these areas bave been subjected in recent times• It may be· , 

.fUrther noted that being 'non-cadastral' and 'non-land-record' 

areas any accurate information on land uses and soil proaucti­

vities are totally unava:U.able. The secondary ini'omati.on 
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dished out by the State StatiStical Bur~aus are at best 'infor­

mationE4 guess 'tiorkS '• 

It is t-litb th1s background that the present study for 

soil quality of the t<Jest Khasi Hills District of Meghalaya., 

one of the most vUlnerable (ecologically) areas of the region 

l:ias undertaken. The main objectives could be outlined as the 

fo~:lotdng: 

a) negionalization of west Khasi Bi.lls District into . 

ecological zones. 

b) Classification of the larger ecol.ogical zones into 

landf~ets, and 

c) Finally 9 collect soU samples from ecological zones. 

and landfacets (by stratification) and classify ~oU 

samples to finally pr.epare sou ratings. and map them. 

on tbe basis or- relief, topography, slope, drainage. and 

vegetation the district tiaB div~ded into ten ecological zones 

out of which six zones t:s-ers taken up for detailed study. The 

ecological zones ~-ere divided .into a number of landi'ac~ts on 

the basis .of f011r categories: (a) the valley land, (b) the 
. . . . . . . . 

gentle slopes, (c) the steep slopes, .and (d) tbe crest lands. 

In all, 72 surface .sampl.es (depth of 9") were collected, 

18 each from the four lendfacet groups and 12 each from the six 

ecological zones. Tbe character1,St1cs of these sou samples 
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were grouped into 3 main g roupa viz. (a) physical characteris­

tics (texture, colour and structure), (b) chemical characteris­

tics (pH, N, P, K and Organic Carbon), and (c) Site cbaraete­

riSt:ics (topography, slope, altitude and vegetation cover). 

These t-welve var.lables representing tile principal 'tbree groups 

··of soil. cllaracterist:Lcs bave been composi ted into soil rating 

indices .1n ttt.,"' stages, first compositing at the group l.evel 

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

nique for preparing tbe eomposJ.te indices bas been Kenda11 •s 

Principal Component Method. 

·5'.2 tU.tb the increase in population and without any signifi-

cant availabili.ty of other avenues of employment, there is a 

cons1stent pressure on lend, particularly, its extensive dimen­

sion in the district~ lriith persistence of traditional agricul- -

tural practices among much the shifting agricultural technique 

is predominant tbere is a_constant quest by the native popula­

tion for additional areas for agriculture. J.1ost of the valley 

areas and gentle slopes have been alr~dy put under agricultu­

ral praetices and noli it is the steep slopes and crest lands 

where deforestation, at one band, and agri.cUltural colonisation 

· on tbe otber, j.s taking place at br:isk pace. 

Fran ecological point of v1eti19 steep slopes are not ~ly 

the most difficult to manage but also the most vulnerable 

because of its high riSlt for quick sou erosion and therefore, 
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degradation of land. The position of crest lends is similar 

if not to the same extento It is with this situation in m1nd9 

the present study was contempl.ated to assess the situation of 

soil status under different micro-ecologies ( Landfacets) and 

macro-ecologies (zones) of the West Kbasi. BillS di.strict. 

To a great extent, the findings of the study do substan­

tiate the above points of view. 

1. It bas been ascertained tba t out of the three groups of 

. soil characteristics namely, tbe physical, tbe chemical, and 

. tb~ .. site .characteristics, the later twP are highly favourable 

to the valley bottom and gentle slopes landfacets of district. 

The physical characteristics, are not as favourable to the 

valleys .and gentle $lopes, 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 witb bigb NP~ statU:S and availability of larger formations 

... of humus end therefore, the presence or organic carbon. Hot-Jever, 

tbe .pH s~atus of tbe enUre district is highly acidic ~d 

therefore, it hampers the process of nutriernts transfer (cations 

exchange) from soil to plants. 

There is alSo a •gradation' of soil properties from 

valley. bottom facets to gentae slopes to crests and finally 

to. the steep slopes so far as chemical & site cbaracteri.st1cs · _, 
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are concerned. So far 8$ tbe physical characteristics are con­

cerned the gradation is of the reverse order. 

2. 'Dle overall position of soil status as indicated by the 

final Soil P.ating Index (I) indicates that valley soils are 

the best with an average index value of 1.866 compared to 0.339 

of the genUa slopes, nearly f:1ve times. On the other band, 

the soU status is Unfavourable in the crest landS l.d th tbe 

average score value of -1.521 and the steep slopes \jitb average 

score value of •1.15'8. These score values are to be interpre­

ted with the average being zero and standard deviation baing 

unJ. ty i.e., the final index being a •normali.sed vector'. ~ere­

fore, there is substantial difference between tbe so11 status 

of valley and gentle slope landS and those of the crests and 

steep slope land of tha district. 

3. Wben interpreted ·ecological zone-\dse (there· are six 

contigUous ecological zones \ihich bave been undertaken for 

study out of the total of ten zones U1 the district ) 9 it is 

noticed that the soil rating status of four ecological zones 

namel.y, Rambrai Zone, l\.lcngstoin Zone, ~1awkyrwat Zone and Maw-

. synram Zons are rele~Uvely poor. It may be pointed out that 

these ares contain ·less of val.ley are·as and more ·steep slopes 

and bigb bill. ranges. The .Mairang Zone and Balat Zone contain 

. on an average a Qetter soU status. as indicated by the pre~ence 

of 66.? percent snd ?5.0 percent of good or very gooa .soil.s, 
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respectively. On the other hand, the Nongstoin Zone has ?5 .o 
percent of poor sons. f,lairang and Balat Zones have a larger 

percentage of valley areas. The l-1airang Zone iS EUSO agricul­

turally the most developed in the district with a ·large area 

devoted to cash crops, particularly, potato9 'l1nich is grollll'l in 

two seasons. this Zone is aJ.so highly populated. The Balat 

Zone is in low altitude \'tJ.tb a number of rivers draining into 

Bangladesh through this zone. However, the Zone as a whole, 

altbougb·very suitable for agriculture bas lost its former 

importance due 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 viest Khaai Bills district tbat 

tbe vall.ey soil.s and soils on the gentle slopes are tbe most 

suitable for agricultural purposes, although they are acidic 

and the· farmers rnigbt be required to buf'fer the acidity by use 

of alkalic matters like lime treatment etc. ihe soils are also 

deficient in phosphorus (P2o5) although nitrogen (N) and potas­

sium (K2o) are 21elatively adequate. Conwersely9 the·steep. slopes 

and the crests are poor in soil. quality and deficient in physi­

cal and chemical compositions. It may seem pedestrian tbat 

something- which the· famers bave empirically assessed over years 

bas been proved sci.e..t'ltifical.ly here. But, it .bas to be seen 

that the quality of valley and gent].e slopes 1c1hich have been 



' 
-:11-8-

rigorously cultivated, have not. been sc.S~~~ally studie~ 

and this study provides d.etail.s about the SOit.l qualities. On 

the otber band, tbe steep slopes and tbe crests which ~ave 

been, recently put under cultivation due to shortage of land 

are extremely vulnerable trom ecolog~cal point of View ( 1n 

this ease soil) and needS to be kept under natural vegetation 

cover. Ho,.,ever, thl.s 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 11m1 ta-

t ion of the scope: of the study. However, it is of common know­

ledge that a large part of West I<hasi Hills District is subjec­

ted to large scale clear cutting of ita natural vegetation U1 

the past decade or so. The Nongstoin Zone, \1ihieb 1.s one Qf t:he 

~ost ravaged areas, so far as deforestation is concerned,. 1nd1-

~ates .the poorest soil status among all the six ecological 

zones studied in this disser'~ation. 

5.4 Tbe major limitations of the study are: 

i ) That the soil. samplea correspond to one time perioa 

due to the temporal scope of the study and. therefore, 

no time scale comparison is possible to indicate tbe 

process of soil degr~atian or otherwise. 

11) This study also suffers from tbe limitation of not 

covering all the areaa of tbe six zones largely 

because of logistics in carrying out sampling at a 

large~ number of sites. 



Ho\\iever, the study differs from tbe available scanty 

governmental statistics on soil largely by the fact that ~bile 

the latter concentrates on sampling fran agricultural fields 

alone the present study bas a comprehensive coverage over tbe 

enUre area including different ecological zones and various 

le.ndfacet.s. This type of study is alSo important, since, it 

generates field based scientific data 1n a region Where there 

is severe pe.ucity of data on land and agricuJ.ture. FUrther, 

these areas being constantly subjected to ecological stresses 

and strains in recent times, is of importance tbat tilougb 

scient1N.c studies are made not only to assess tbe nature and 

trend of ecological degradation but also to indicate methods 

of preservation, management and conservation of natural resour­

ces of the region, particul.arly7 land on bbicb the dependence 

of the local tr'lbal popUlation is overWhelming. 
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APPENDIX - I 

A. PRlllCIP :f}L <X>r·1PON.FlU .ANALYSIS 

(.After M. Kendall) 

1.1 SUppose· that we bav.e observations of P variables X on 

each n individUals. Now, an attempt bas been made to simplify 

the situation, lNbetber it is possible to find some nSl!l varia-

bles ~ 9 ~ ••••••• o o o o. ~P which are linear tunct~ons of 

the X • s but are themsel.ves uncorrelated. In fru::t we look for 

P-v constants ~j (1., j = 1, ••••• , p) such that 

~1 = i: ~j XJ ..... o •••• • ( 1 .1 ) 
j=1 

If the X 9s are measured from their means, .the sum of 

any x3 over the n individual.s is zero and hence, from ( 1.1), 

the same is true of any ~1 • We no~ :impose the condition that 

the ~•s be uncorrelated, i.e. that 

p p 
£ 1ik xk ~ 1 4 x 
k=1 m=1 ~mlm 

= o, 

1 ~ j ••••• (1.2) 

nus equivalent to, 

\<Ibere ckm 1s tbe covariance or ~ and Xm. He note fran (1.2) 

that this imposes ftP(P-1) condJ.ti.ons on the l •s. There are P2 

of them, so t:re can impose a further p2 ..j-p(p-1) conditions and 



still find a solution. l-Ie have to impose tbe condition that 

the transformaUon is self-orthogonal, i.e. that 

p 

i-=1 l1j~k = o, .1 p k 
= 1,. 3 = k ••••••••• (1.4) 

This thus absotbS the j.p(p+1) degrees of freedom in the 
... 

transformation, so that under these condiUons tbete will, in 

general., be only a fini.te. set of solutions. 

Geometrically 9 tbe orthogonal! ty condi Uons ( 1. 4) mean 

that in the First Space we are looking ~or a rotation of the 

co-ordinate axes about the origin. The relations are most con­

veniently expressed in matrix form. Representing the X' s by 

the column (P. i 1 ) : Vector X and simil.arly for tbe S • s, we 

have, corresponding to ( 1.1) 

The orthogonality conditions (1.4) are equivalent to 

ll.' = I ..... (1.6) 

Where I is the identity matrix (i..e. aP X P matrix wi.tb units 

1n the diagonals and zeros e1s~bere). Ii' we premul.ti.p~y ( 1 .6) 

by 1' and postmultipl.y by tbe inverse of 1•, we have equiva­

lently 

1 91 =I •••••• (1.?) 



It m.ll follow hom (1.5') that 

X= 1° ~ ·~•o (1.,8) 

For tba covar1ances of tbe ~'s we have, correspanctlng 

to {1.3) 

E( S s'•) = E tlx (lx)•} = E (lxx'l') = lcl' =A .... (1.9) 

Where I' ~s a matrix witb zero off-diagonal elements and \!11th 

. ~diagonal. elements l\1, 7\2 , ••••• )\P representing tbe varian­

ces of .the S•s. Premultiplying (1.9) by l ' 9 tie find that, 

Cl' = l'l\ ...... (1.10) 

In full tbiS is, 

- - r -• c1p 
I 

121 1p1 ' . : c,, c12 . .,. I : 111 • ••• t 

' ' • t ' t 

' 
,. .. t , 

c22 c2p ' 
, 

122 1p2 ' • c21 ••• t : 1 12 • ••• ' ' ' ' ' ' ' I • t ' ••• •• • •••• •• • t ' • • •• • •• . ..... • •• ' • I • ' • ' ' ' t t t ' : c -: I t t 

cp2 ••• cPP ' i 1 1P' l2p •••• 1PP • • P1 ' ' ' . . • I 
f L ' b ... _, 

,.. , 
' 7\1 

; 
i 1 11 121 lp1 I ' t ••• • ' t 

t ' I • t 

' ' • • ' ' 1'. ~2 ' . .,. lp2 I t 7\2 ' I 12 ' ' ' I • t - , t f (2.11) - ' ' t t • ' I t • ••• .. ., .. 000 ·-· . I ' • •• ' t ' I ' ' ~· 
t t ' ! 11p ~p 
t • 1\p ' • oo ' I t 

·' ' '- ( 
_, 

' ' ... _, 



EKpanded in full thiS would give us p2 equations. Consi­

der tbe subset of P denved from the first column 1n the matrix 

prodUct: 

c11111 + c12112 + ••• + c1pl1p = 1 11 7\1 

c21111 + c22112 + ••• + c2pl1p =1.12 /\1 

••• ••• • ••• ••• • •• 

c1>1111 + Cp2112 + .• 1. + cPP11P = 11pl\1 • •• (1.12) 

or, 
<c,, 0 l\1 )~11 + 012112 + ••• 01p1 1p =0 

021 + (C22 - l\ 
1)1 12 + .•••• + c2P11P = o 

.... • •• ••• • ••• 

Eliminating the 1·• s, . ~e bave, 

•• ' " 

! c11 =i>l, c12 ••• c1p ' ' ' ' 9 

' t 

I c21 c22= .1'\1· 92p ' •••• ' ' I •-o ' - ••• (1.14) 
' ••• ••• • •' 0 • •• ' • ' , 

' I cp1 cp2 
I 

000 CPP -l\1 J 

· Or, in matr.lx notation 9 

(1.15) 



It will be round that tbE3 otber ~uations in .->')2 , •••• , 

/)Pare of exactly tbe same kind. Thus tbe reqUired · S•s · · 
(the variances of tbe Sos) are the p roots of · 

• 0 

! c -/\1 i = 0 ..... (1.16) 
• 0 

The .1\es are, in fact tbe so-called eigen values of the 

matriX c. ~e cottespondiilg l •s are the components of the 

eigen ·vector. . · 

The new !lmctions s· are known as principal components. 

They are uncorrelated linear 1'1mct:Lons of tbe original varia­

bles. In parUCUlar, if tbe original· variahl.es tvere normally 

. <U.stribUted, tbe new variables S are not only uncorrelated but 

independent. I·t :ls remarkable tbat they have another useful 

properties. Suppose tbat we bad. approached tne· subject from 

a different view-po:Lnt e.nd looked for tbe linear functions of 

the X 's which have stationary values of the1r variance. If one 

of these is j' 9 expressed as 

p 
cz::: l .. x.; 
3=1 ., tJ 

Its· variance 1s given by 

Var j = 
p 
~ 
3=1 

•••••• (1.1?) 

p 
~ ljlk Cov(xjxk) ••••• (1.18) 
k=1 



We reqUire to find. tbe stati~ary value of this, subject 

to the eoncU.tion 

p 

2::' 1~ = 1 
3=1 

•••••• (1.19) 

TbJ.s J.s equivalent . to en unconditional stationary value 

of 

••••••.• (1.20)· 

~Jbere ?\ is an undetel'tllined multiplier. Diffe.rentiation by 13 
leads to 

p 

'f::
1 

lkCjk • l\lj = 0 · •••••• ('1.21) 

»lis leads to equation (1.16) tdtb 1\ as one of the 

eigen values. ln other 'ttX>rciS, tbe llnear combinations with 

stationary values are tbe principal components. If we christen 
.. 

the components according to the magnitude of their e;i;gen 

values . (variances), w mew say that the first componmt S
1

, 

· bas tbe largest possible variance of any linear functions; 

tbe second, s2' hlis the, largest variance subject to being 
. . 

uncorrelated ~itb tbe £i.rst; the third bas the largest variance 

of linear functions w.hi~b are uncorrelated -w1tb t..l<Je first and 

second; and so on, down to the small.est eigen value, which 

corresponds to the linear combination w1 tb the smallest variance. 



1. Name 

2. Father's Name 

3. Da~e of Birth 

~. Permanent Address 

'· Educ at1onal 
Qualifications 

6. Experience 

BIO-DATA -
: t1UlUNDRA KONWAR 

: Late 14anik Chandra Konwar 

s 1st January, 1960. 

: P.O. Dhalpur~ Dist. Lakhimpur, 
Assam, PI!J ?t1~ 165. 

.. 1. P.U. Science, 19?8, G.u., III Class • • 

2. B. Sc. (lions) in Geography, 
II Class. 

1981' G.U., 

3a M. Sc. 1n Geography, 1985, NEHU, 1st 
Class. 

: 1. J.R.F., Project Eco-Development, 
Department of Environment, Government 
of India, NEHU, 1985-8?. 

- -


