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A study was undertaken in the Nedisahi Nalla mini­

watershed (ORM 3-8-5-1) in Kandhamal district (20°28 1 N. 

latitude - 84°21 1 E. longitude). It was a sloping terrain land 

with a general slope of 8-15% and 3-5% within different 

physiographic units. Four physiographic unit from Sidingi 

village comprising, foot-hills, upper ridges, mid-upland and 

mid-medium land and another physiographic unit in the medium­

valley land of Nedisahi village were demarcated and one 

profile each from these units were studied in detail. Besides, 

twenty composite surface samples from different physiographic 

units were analysed to know the general nutrient staLus and 

other characteristics of the study area. 

The soil colour on the sur[dce varied from reddish 

brown through reddish yellow to 1 iglit reddish brown from Upper 

ridges down the slope which gradually changed to yellowish red 



in the sub-surface horizons along the sloping terrain. The 

profiles were heavier at the bottom regions than the surface 

regions. The surface soil texture of foot-hill was sandy which 

gradually changed to sandy clay loam and loam down the slope. 

Within the profiles of Sidingi area the clay content increased 

down the depth with presence of thin patchy clay cutans in the 

sub-surface horizons qualifying for argillic horizons. But a 

weakly developed cambic horizon was observed in Nedisahi 

series. 

Soil pH value usually increased down the depth with 

some variation resulting in soil reaction almost medium to 

slightly acidic in different horizons of the profiles. The 

surface soil are uSllally medium acid. The organic carbon 

content was low (0.17 to 0.40%) on the surface which gradually 

decreased down the depth of the pedons. The CEC values were 

comparatively low on the surface horizons and increased 

gradually with depth and had a linear correlation with clay 

content (r = 0.945**). The exchange complex in all the 

prof iles were dominated by Ca H followed by MgH, K+ and Na + . 

The percentage base saturation value, in general, increased 

from the surface downwards. The rating for available nutrient 
, 

was low for nitrogen and medium for phosphorus and potash. 

Available nutrient values of composite surface samples ranged 

from 53 to 279, 2.61 to 33.38 and 110 to 370 kg/ha for N, P2~ 

and ~o respectively. For profile samples, they were 23 to 

222, ]7.72 to 34.32 and 110 to 240 kg/ha for N, P~5 rand KaO 

respectively. The lime requirement for composite surface 

f.)' ('J III I) I f~ f J' V (J C' jed f n)(11 1. () t () A I) 111 (I f' 0 l' t l 1 
- . 'I •• l . pro t' ~;lll\lplt!ti fl'om 

1.6 to 3.4 tonnes of CaC~ per acre. Free Fe2C1 content varied 

from 0.4 to 2.A7 per cent in different. horizoll~' and 1 :l 
il SlOWet a 

significant positive correldtion \·Jith clay co n tent(r=0.991**). 



Percentage of free FeA C1 increased a] ong wi th the c lay content. 

From the Potassium release characteristics it was clearly 

understood that different forms of K were in dynamic 

equilibrium with each other as they were significantly 

correlated with each other. The water soluble K llad positive 

correlation with sand but negative correlation with clay, 

total K, exchangeable K, lattice K and non-exchangeable K. 

Exchangeable K had pos i ti ve correlations with clay, non­

exchangeable K and lattice K but negative correlation with 

sand. positive correlation existed between non-exchangeable K 

and clay; lattice K and total K but negative correlation with 

sand. Lattice K had positive correlation with clay, silt and 

total K but negative correlation with sand. Total K was 

correlated positively with clay and silt. 

This soils of foot.-hills, upper ridges, mid-up land 

and mid-medium land (Sidingi series) under study were 

classified under Haplustalfs. The medium valley land of the 

study area (Nedisahi series) was classified under Ustochrepts 

as per Soil Taxonomy. 

Necessary cropping system and suggestive treatments 

were given for the integrated management of the watershed 

area. 



INTRODUCTION 

Soil is our greatest natural resource. It is the 

heri tage and basis of our economic stability and national 

strength. It differs in its productivity capacity, in value 

and in the uses to which it can be put with. For the fast 

growing population ann rapidly expanding economy, increasing 

demand shall be made upon the land. Per capita land 

availability in India has reduced from 0.48 ha (1951) to 0.20 

ha (1981) and expected to reach 0.15 ha by 2000 AD (Kanwar 

1994). It is therefore, very necessary for us, as a first step 
.~-~----~- .. - .. _--_. .~----. 

towards agricultural production, to understand the soil, its 
__ --_""'~"'_~_''''-'''' ___ ",_"""~ ___ ,-,-,,, .......... _._, _", ....... ;-~ ...... ~~. ._"_. ,,> _ ~ ~''''''':::'''.''''''''~-''''-'_ H.......;..<e=-...... '.~~ ~~~ 

chara~ter~.which affect the productivity and evolve measures 
" '.,; _ , . - -...- - -- - ,-.".., ,:".M -.. _p.' ..... ':3 

w]2i£h .. 1~,c~.,::~_? conserve the soil and maintain its fertility, in 
<#" r.~.~. - • -.... '. _.~ __ . , .•..•..... __ .•• _'._ .",., _' . .._. __ .. _'. • :.< ..... ; ••• .-... -~<:.~\--~at> 

order to aChieve a sustained higher production and ensure 

proper utilisation of the land. 

To ensure sustainable use, we need a good inventory 

of our 501'1 'b t' resources their distrl u lon, quali ty and use-

potentials. Since vast stretches of our soil resources are 

under going degradation fast enough with attendant risk of 

jeopardizing food security for the future generations, there 

is need to promote the most efficient systems of soil 

management which arrest this decline in soil quality. 
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Being an important component of our geosphere­

biosphere system, soils provide food, fibre, fodder, fuel and 

forest for a variety of basic human needs via their direct 

contribution to the regulation and control of water and 

nutrient cycles. History records the rise and fall of 

civilizations in accordance with their wise use or abuse of 

the soil resources. 

Considering the limited prospects of irrigated 

regions in meeting the future food requirement, there is a 

need for a shift in the development priorities in favour of 

dryland agriculture. Reversing the process of degradation and 

conserving water in situ with a purpose to sustain 

agricultural production from these rainfed lands is the need 

of the hour. It is in this context, that, the govt. of India 

is giving top priorities for the developmental work on 

WATERSHED basis. National watershed Development Project (NWDP) 

which is a central govt. funded programme and Integrated 

watershed Development Project (IWDP) which is funded by world 

Bank are in operation in various states including the state of 

Orissa. The broad objective of these programmes is to conserve 

the land and water resources in situ for intensive use and 

management through a holistic perspective of agricultural 

systems (Rajgopa1an, 1991). 
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The Watershed is a manageable hydrological unit that 

makes a harmonious use of the prevailing climate, soils, 

water, locally available material and human resources towards 

stepping up crop yields. 

Watershed management has been defined in India as a 

"rational utilization of land and water resources for optimum 

and sustained production with minimum hazard to natura 1 

resources. It is essentially related to soil and water 

conservation which means proper land use, protecting land 

against all forms of deterioration, building and maintaining 

soil fertility, conserving water for farm use, proper 

management of water for drainage, flood protection, sediment 

reduction and increasing productivity from all land uses". 

In Orissa, the watershed programme actually operated 

through the soil conservation department, during the year, 

1982 in a sporadic manner. Now under National Watershed 

Development Project for Dryland Agriculture (NWDPRA) the 

programme are in operation in 258 watersheds in the state. The 

r.W.D.P. was introduced in the districts of Ganjam and 

Phulbani in the year 1990-91. The Orissa University of 

Agr icul ture & Technology has taken the respons ibi 1 i ty of 

providing research SllpP01't to various activi ties undertaken by 

the state soil conservation department under the I.W.D.P. To 
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provide basic information to a resource inventory with regards 

to soil characterisation, classification and nlltrient status 

of the soil of a particular watershed area soil survey is a 

pre-requisite. 

The final result of soil survey is a comprehensive 

inventory of the soil resources. The mos~ important and widely 

recognised practical utility of soil surveys, soil 

classification and soil mapping is to provide a scientific and 

systemic basis for the study of soil-water-crop relationship 

with a view to properly utilise the land and water resources 

to increase crop production, develop irrigation efficiency, 

adopt water and soil conservation measures and to reclaim 

salty and water logged areas. 

To feed the overwhelming population of our country, 

there is a need to produce about 250 million tonnes of food 

grains by 2000 A.D. This could be achieved by taking two area 

development approaches in the field of Agriculture and rural 

development. (1) Command area development which is adopted for 

comprehensive development of irrigated area, and (2) watershed 

area development. 



S1. 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

5 

Annual soil loss estimates in different regions of India 
are as follows (Dhruva Narayana & Ram Bahu , 1983). 

Land resource region Area 
(000'Km2) 

North Himalayan 131.70 
forest region 

Punjab-Haryana 101.25 
alluvial plains 

Upper gangetic 200.00 
alluvial plains 
including ravines 

Lower Gangetic 145.50 
alluvial Plains 

North-Eastern forest 161.002 
region. 

Gujurat alluvial 62.15 
plain region 
including ravines 

Red soil region 68.80 

Black soil region 67.34 

Lateritic soil 61.0 

Soil less 
(tonnes/km2) 

287 

330 

1410-3320 

287-940 

2780-4095 

240-3320 

240-360 

2370-11250 

3930 

Major land use 

Forest 

Agriculture 

Agriculture or 
Wasteland 

Agriculture 

Agriculture, 
Shifting­
Cultivation 

Agriculture 

-do-

-do-

Agriculture 

Hence much emphasis has been given in the VIII five 

year plan for integrated watershed area development for 

"ending the neglect of vast rainfed and dryland areas". The 

main objectives of the VIII five year plan are as follows; 

I) Conservation, upgradation & utilisation of natural 

resources like land, water, plant, animal and human 

beings in a harmoneous and integrated manner; 

II) <jeneration of mdssjve employment during the project 

period and regular employment after the completion of the 

project; 
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III) improvement of production environment and restoration of 

ecological balance through scientific management of land 

and rain water; 

IV) reduction of inequalities between irrigated and rainfed 

areas; and 

V) in addition, production of fuel, fooder, vegetables, 

spices etc. in suitable areas. 

Keeping an eye to the above mentioned facts and 

bottlenecks, the mini-watershed, Nedisahi Nallah (ORM-3-8-5-l) 

in Khajuripada Block of Kandhamal (Phulbani) district has been 

selected as pilot watershed for the present study/investi­

gation. The criteria for selection of this particular mini­

watershed as pilot project were; 

1. The mini-watershed area is approachable by all weather 

road from the district headquarters as well as state 

capital .. 

2. Within the mini-watershed necessary infrastructure 

facilities are available. 

3. O.U.A.T. research project on I.W.D.P. is located at a 

close proximity to the mini-watershed area. 

4. The mini-watershed area have a good range of on-farm and 

off-farm land management problems that need to be 

tackled. 

5 . Th e min i - w ate r 5 h e d for m s the cat c h men t 0 f p i 1 a sal k i 

M.l.P. 
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The mini-watershed is located in Mahanadi catchment 

of SaIki sub-catchment, Pilasalki watershed, Budharkedi sub-

watershed. The Nedisahi Nallah mini-watershed is a pentad 

streamlet of the watershed system. The mini-watershed 

comprises of eight number of villages, the total area of which 

is 1045.999 ha. 

In the present investigation an attempt has been 

made to study the soil morphology, genesis, classification as 

well as the potassium release characteristics of that area. 

1.1. Objectives : 

The objectives in the present investigations are : 

i) to traverse the area and survey the sidingi and Nedishahi 

village in detail, 

ii) to select the profile sites from different physiographic 

d have a morphological study of different 
regions an 

f 'l that represent the soils of the project area, pro 1 es 

iii) to characterise the soils of the region, 

iv) to classify the soils as per Soil Taxonomy, 

v) to studY the fertility status of the region with special 

vi) 

On potasium release characteristics inside the 
emphasis 

profiles, and 

to sUggest suitable land use management for sllstainable 

production. 



REVIEW @F IL~TERATURE 

In this chapter a review of the literature 

pertaining to the present investigation has been made under 

the following important sections. 

r 

r 

If' 

If 

r 

r 

Morphological and physical characteristics. 

Chemical characteristics. 

Physiography and Land form. 

Genesis of soil. 

Classification of soils. 

Different forms of potassium in soil and their releasing 

characteristics. 

11.1. Morphological and physical characteristics : 

The nature and morphology of the laterite soil 

profile is determined by the nature of the parent material 

(Pendelton 1942). 

Sinha et al. (1962) studied the morphology of some 

red laterite soils of Ranchi in relation to topography of the 

land. They observed that, down the slope, the depth of profile 

increased, textllre varies from lighter to heavier, structure 

changes from single grained or granular to blocky/prismatic, 

pH change from acidic to natural, status of organic carbon and 
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nitrogen increases, variation in colour of surface soil is 

also in harmony with the tupography in which these soils are 

found to occur. The profiles are encountered by iron stone 

gravels of irregular shape which appear to be undergoing 

diSGolution. Tn these gravels, resistant material such as 

quartz standout sharply from the surface. The vesicular and 

indurated character of the surface crust is due to its 

exposure by which certain horizons had been washed by erosion. 

The water stable aggregates of different sized 

fractions at different depths in profiles in a sal forest of 

Dehradun (Yadav and Baner jee, 1968) indicated a positive 

correlation between organic 

aggregation. Other properties 

correlation. 

matter content and 

show relatively feeble 

soil 

or no 

Govindarajan and Datta Biswas (1968), studied the 

red soils occuring in t~e Eastern Ghat region particularly the 

soils falling in the Machkund basin. The soils in general are 

deep with light textured surface layer, grading to moderately 

fine to fine textured sub-surface horizon mixed with coarse 

fragments. 

Murthy et a1. (1968) studied the watershed features 

in KlJnddh project in Hddrd!.:i. They observeu the '·01'1" al'") 't 
d oJ e qu 1 . e 

susceptible to erosion due to the prevailing undulating to 
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very steep topography and high rainfall. They suggested that, 

management of land in the water shed reflects largely upon the 

run-off and the quantity of stream flow. Indiscriminate 

deforestation and cultivation on steep slopes without adoption 

of proper soil conservation practices lead to severe soil 

erosion and consequent siltation. 

Martain et al. (1974) Studied on the red soils of 

south spuin have shown d moderate to good porosity in the 

upper horizon with a decrease in the porosity in the B 

horizon. The increase in clay in the B horizon determines the 

physical properties studied in connection with the porosity. 

The effect of soil texture and grass cover on water 

e r 0 u ion i nth (! f Dol - h i I I G o.i Is 0 f Pun jab was stu die d b l' Sin CJ 11 

and Verma (1978). Soils with grass cover showed more run-off 

than the cultivated but bare soils. Run off and soil loss 

increase with increase in the fineness of soil texture. Major 

textural group of the area constituting sands and loamy sands 

are less erodible. 

Rdjamannar and Kr i shnamoorthy (1978). Studied the 

ph Y sic 0 - c hem i cal c h a r act e r s 0 f for est so i 1 s 0 f \oJ est ern G hat i 11 

south IIldia. It was ObSPI yeo that, the soils of 200 1\1. 

alt itude were co] luvial in natur<~ while the soils of 1010 m 

and 2237 In. (lIt itll<le w(!re Idtl;r'iL(~ in l)rigill. The clay content 
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of the soil increases with illcrease in depth. Bulk density is 

reduced at higher altitude due to increase in organic matter 

content. The maximum water holding capacity, total pore space 

and moisture E~quivalent increases with incrcusing elevatioll. 

There was no elL-fillite relation of humus fractions 

with Sand and Silt but clay was significantly related with 

organic carbon and humic acid carbon (Joshi and Ghonisikar 

1979) . 

In toposequence of oxisols developed from basalt in 

the central plateau of Brazil, moist soil colour changed from 

dark reddish brown (2.5 YR 3/4) in upper slope position to 

dark yellowish brown (10 YR 4/4) in lower slope position (Curi 

and Franzneir 1984) soil colour is a reliable indicator of 

iron oxide mineralogy which reflect the genesis of soil and 

influence properties that affect plant growth. This colour 

should be used at a relatively high categorical level in soil 

classification system to define classes of latosols and 

oxisols. 

A toposequence of soils in the mid-upland laterite 

region of Kerala showed a change from a reddish colour at the 

crest to gray in the valley (Venugopal and Koshy 1905). 



12 

Singh and Prakash (1985) studied on the soils of 

Kaphra- Bhaura sub-watershed in Almora dist (U.P.) and 

observed tlwt the solIs associated with well maintained 

terraces were stable and less erodible than those under poor 

terraces, grazing, degraded civil forests. Most of the soil 

characteristics except coarse soil fragments showed a negative 

correlation with elevation and terrain slope. Erodibility 

indices showed positive correlation with elevation and slope. 

Sambyal and Sharma (1986) studied fifteen eroded 

forest soil profiles in lower Himalayas. The slope was 10-30% 

and degree of erosion was slightly to severe. An erodibility 

rating curv(~ based on raindrop impact showed Alfisols are 

relatively stable, Inceptisols and Mollisols are moderately 

e rod i b 1 e a CI (1 Ell tis 0 1 5 are 11111 5 t e rod i b Ie. Th e m 0 r e e rod i b I e 

nature of Entisols could be ascribed to their low organic 

matter and C.E.C. lcv(·ls and high sand content, the parameters 

showing significant relationship with erodibility. 

st udies on SE!Ven 50 il pedons 0 f the catenary 

sequence indicated that the soil of the piedmont plain have 

relatively higher clay and CEC, lesser coarse fragments and 

well developed pedon with intersecting slicken sides as 

compared with the soils of flat topped hills, hill slopes dnd 

flood plains. 1'11 e so i 1 s co \ 11 d be c I ass i fie cl in t 0 En tis 0 1 s , 

Tnceptisols a n rt v (~ 1 tis 0 ] is 1 1\ the seq u e nee (Challa and 

Gdj);'Wdld, 190(,). 
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Four typical pedons, representing different land 

types in the Kandi areas of siwalik foot hills indicated that 

the soils are of calcareous type, stratified and variable in 

texture and have an ochric epidon underlain by a C-horizon (in 

chos-piedmont plain and foot-hill) and a structural/cambic 

B-horizon in the terraces. The soils in piedmont plain and 

foot-hills have been classified as Typic Ustifluvents, those 

in chos as Typic Ustipsamments and those in terraces qualify 

for Typic Ustochrepts (Sharma et al., 1986). 

In general, as elevation and slope decreases the 

soil texture become finner, the water retention capacity, 

hydraulic conductivity and infiltration rates improved in 

Kafra Bhaura sub- watershed (Kumar and Tripathy, 1987). 

Zende (1987) conducted reconnaissance soil survey of 

a part of Mokokhung (Nagaland) using areal photograph (1:40000 

scale) and observed that the dominant soils were; (i) Fine 

loamy, Typic Hapludul ts on very steep side s lopes of high 

hills, low hills, broad valleys and Upper river terraces; (ii) 

Loamy skeletal Typic Udorthents on narrow ridges of high 

hills, (iii) Loamy skeletal, Typic Hapludalts on broad ridges 

of high hills, broad ridges of medium hills and 
very steep 

slopes of medium hills and (iv) Fine loamy, Typic Paleudults 

on steep side slopes of high hills, straight slopes of medium 

hills, steep slopes of medium hills and very 
low hills, steep 
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side-slopes of medium hills and very low hills. (v) Sandy, 

Typic, Udifluvents in narrow valley to some extent in broad 

valleys. 

The morphology, mineralogy and genesis of a 

hydrosequence of oxisols in Brazil was studied by Macedo and 

Bryant (1987). Well drained 'soils with wat-er table more than 

3m, had reddish hues (2.5YR to 5YR) indicating the oxidising 

environment and a codominant haematite and geothite iron 

mineralogy. The upper organic rich solum at sites with 

seasonally high water table (less than 2m) had yellowish hues 

(lOYR or 7.5YR) and a dominantly geothitic Fe-mineralogy. In 

the deeper perennially saturated Zones of all profiles, the 

matrix colour has reddish hues (2.5YR to lOYR) and a 

dominantly haematitic te-mineralogy. The soils except those on 

steep slopes in East hill district of Meghalaya were very deep 

(Nair and Chamuah, 1988). High organic matter at the surface 

decreased with depth. The soils are strongly acidic throughout 

the solum. The cation exchange capacity of the soils range 

from 1.1 to 14.9 cmol (pt)/kg and the values decreased with 

depth. The percentage base saturation is also higher in 

surface soils as compared to the subsurface layers possibly 

because of plant recycling. 

Lahari and Chakravurti (1<)89) i .- stud ed the soil 

samples of Sikkim having varying dltitudes for soil t t ex \Ire, 
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NPK and nature of organic matter. Soi Is contain high ni trogen, 

low available potassium and medium phosphorous. The clay 

content decreases and organic matter increases with increase 

in altitude. There was an appreciable movement of clay from 

upland to lowland situations in soils collected from South 

districts of Tripura (Dutta et al.1990). Besides there was a 

marked enrichment in silt content in low land soils as 

compared to upland ones in both north and west districts. 

Characteristics and nutritional status of soils 

under Middle Hill Forest(MHF) and upper Hill Forest(UHF) of 

Eastern Himalayan region (MandaI et al.1990), indicated that, 

darkness in soil colour and coarseness in texture, increase 

with altitude. Soils at higher al ti tude had better soil 

structure, higher organic matter status, higher C. E. C. and 

high exchange acidity. Soils at lower altitude on the other 

hand had greater accumulation of exchgeabel Calf, Mg2+ and 

contains higher amount of Fep), Alp) and MgO. 

Four typical pedons of soil series occuring on 

different land forms; Hill slopes (pI), piedmont(p2), lower 

flood plain (p3) and active flood plain (p4) in Kamrup 

district of Assam studied b S· 
Y 1ngh and Chamuh (1991), 

indicated that; soils are ac idic at the surface and neutral at 

lower horizon except pI h H 1 
Were P va ues gradually decreases 

with depth. 
The soils contained higher amounts 

of oganic 
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tt The C.E.C. is low and does not .show any relationsh.1p rna .er. 

with the clay content. In spite of acidic nature of soils, 

exchange complex of all the soils is dominated by Ca and Mg. 

Shyampura et ale (1994) characterising five pedons of 

different physiographic regions of Rajstan, observed that, the 

soils on very steeply slopping side slopes are shallow, 

excessively drained and coarser in nature where as, the soils 

of gently slopping pediment and undulating plains are deep, 

finer in texture and have better structural development. Clay 

cutans and fine clay to total clay ratio provided evidence of 

argillic horizons in the soils on very gently slopping and 

nearly levelled plains. Sand/silt ratio(more than O.2mm) 

suggests lithological discontinuity between overlying Ap and 

underlying Bt horizon. The depth distribution of AlaO), Fep) 

and clay provided confirmative evidence of clay illuviation. 

Five pedons representing distinct dominant' 

physiographic units of the southern Rajstan (elevation 

480-542mm.s.l.) indicated pedon 1 and 2 (steep slopping hills 

and gentle sloping undulating plateau) were shallow to 

moderate deep while 'those associated with pedon 3, 4 and 5 

(gentle sloping plain, nearly levelled alluvial plain and 

dissected alluvial plain) were moderately deep to very deep 

(Sharma et al., 1994) soils on the hills and plateau are 

lighter in colour (7. 5YR) which may be ascribed to high carbon 
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content and excessive drainage, where as rest of the pedons 

exhibited dark colour (lOYR). In pedon 3 and 4 cracks and 

slicken sides were observed. 

I 

II.2. Chemical characteristics 

Gowalkar and Barde (1964) reported that heavy clays 

are observed on plane areas and loams on hills and steep 

hills. Lime Kankars are also found on plain areas but absent 

on hill slopes. In plain areas therefore dominant exchangeable 

cation is CaH followed by MgH and the molar ratio indicated 

that montmorillonite type of clay. Similar results were 

obtained by Biswas et al. (1966) from a study of catenary 

soils of Andhra pradesh, in which the morphological feature 

and mechanical composition were related to the toposequence. 

Govinda Rajan and Datta Biswas (1968) studied the 

'soils of Machkund basin. From the chemical analysis it was 

revealed that, ·the clays have exchange capacity ranging 

between 25 and 55 m.e/lOOg. and consequently of mixed 1:1 and 

2:1 type of minerals. The base saturation falls within the 

narrow range of 50 to 60%. 

Zouzou and Furley (1975) reported from a 2000m 

transact study in Euphratas valley that with the distance and 

gradient of the slopes there is an increase il1 
clay contenl, 

moisture status d 1 bl an so u e salts with depth. 
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Rajamannar and Krishnamoorthy (1978) studied the 

physico-chemical characters of forest soils of western ghat in 

south India and reported that, organic carbon was 0.24% for 

200m. and 1.17% for 2237m, elevation. There is an increase in 

organic matter content due to al ti tude. Their work 

corroborated the findings of Biddapa and Venkat Rao (1973) and 

Sharma et al. (1956). The CEC and total nitrogen bears 

positive relationship with elevation. Surface soil of higher 

elevation contains higher amount of P than those of lower 

elevation. The K and Ca content were more in lower altitude 

than in higher altitude soils. The Fe content of lower 

altitude were very low than higher altitude. 

From a geomorphic study of the soils of Similiguda 

Research station, Koraput (Orissa), Ray and Nanda (1979) have 

stated that with the increase in elevation, the organic carbon 

content, clay content, percentage base saturation decline and 

soil acidity have increased down the slope and clay mineralogy 

has changed from kaolinitic to mixed. 

Rajamannar et al. (1979) studies some profile soil 

samples collected from Pudakottai (350m above m.s.l.) and 

Kodaikanal (2237m) representing a low and high level laterit.ic 

soils and observed that soils of Kodaikanal (Low temperature 

and high rainfall zone) contained much higher amount of 

organic carbon (0.44 to 9.74 %) than those from Pudukottai 
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(O.lO to 1.14%). The organic carbon content decreased with 

depth. 

Chakravorty and Chakravarti (1980) studied on 

phYf;ico-chemical characteristics of soils of Eastern Himalayan 

Region and reported that the organic component varies with 

altitude (foot hills to 3400m) and climatological condition 

shows that (i) with increase in altitude, a decrease in clay 

content (ii) increase in organic matter and (iii) increase in 

the proportion of extractable fraction of humus are observed. 

Singh and Dutta (1983) reported the hill soils of 

Mezoram in relation to altitude. High level of organic matter 

is associated with low pH values in the surface layer of hill 

range soil. with the increase of Al acidity down the profile, 

the pH inste~d of lowering down has shown a slight upward 

trend. Organic matter content decreases with fall in altitude. 

Palomar Garcia-Villamil et al. (1984) studied 

morphological, analytical and chemical properties of five 

profiles in a toposequence near Terriente (Teruel, spain) 

developed on colluvial deposites of clay, sand, marl and lime 

stone. Horizons of all profiles at low altitude have fine 

textures, while the soils at higher altitude are coarser in 

texture. The (CaO + MgO) /A12~ ratios are lowest in profiles 

with less CaC~ and more clay, indicating a 9reater degree of 
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weathering in the surface horizons of those profiles situated 

on the plain and the lower slopes. 

Simple correlation studies of sixty four soil 

samples from different regions in Assam showed that the Lime 

requirement (LR) values are in general correlated negatively 

with pH and positively with exchange acidity, extractable 

acidity and exchange Al (Haldar and MandaI, 1985). Multiple 

regression studies showed that the LR values are very strongly 

influenced by the combined effect of the above mentioned four 

soil parameters. 

Dadhwal and Tripathy (1986) studied the Lime 

requirement of twenty acid soils(Alfisols) from Kangra (H.P) 

and observed significant correlation with pHw' pHs' organic 

carbon, CEC. Exchange H+ and CFC contributed by organic matter 

but not with clay. They recommended Woodruff's PNP buffer 

method for adoption in routi ile soil testing work. 

Three pedons within an altitudinal range of 1970m 

and 2425m in Sikkim were acidic (Gangopadhyay et al., 1986). 

Translocation of clay in the profile was very much pronounced. 

The organic matter content of these soils was high at the 

surface and gradually decreased down the profile. Ca++ is the 

dominant cation among the bases. The mobile form of Fe and 

AI-increases down the profile. 
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Singh and Dutta (1988) studied the organic carbon 

and nitrogen status of some soils of Mizoram occurring at 

different al ti tudes and observed that, organic carbon and 

readily oxidisable organic matter content rise with increasing 

elevation, with the former being significantly correlated to 

the altitude (r = 0.973). The C/N ratio of the surface soils 

at higher altitudes have narrower values than of the surface 

soils at lower altitudes. The ratio also shows a narrowing 

trend with increase in soil depth. The total and other forms 

of Nitrogen (available, ammoniacal and nitrate) increase with 

increase in altitude and decrease with depth. These bear 

significant positive correlation with altitude, and with 

organic carbon, besides positive and significant correlation 

among themselves. Multiple correlation study shows 89% of the 

variation in the total nitrogen content due to associative 

influence of altitude, organic carbon and pH and 99% of the 

variation in available nitrogen is due to the combined effect 

of organic carbon, total N, NH 4-N and NO)-N. On the whole 

organic matter shows a greater contribution in the 

productivity of total and available nitrogen. 

Nair and Chamuah (1988) found that, the soils except 

those on steep slopes in East Hill district of Meghalaya were 

very deep. High organic matter at the surface decreased with 

depth. The soils are strongly acidic throughout the solum. The 

CEC of the soils range from 1.1 to 14.9 cmol (~)/kg and the 
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values decreased with depth. The percentage base saturation 

was also higher in surface soils as compared to the 

sub-surface layers possibly because of plant recycling. The 

soils belonged to order Entisols and Oxisols. 

Sharma and Tripathy (1989) studied the lime 

requirement of acid soils of India and evaluated Seven lime 

requirements (LR) methods regarding their suitability for acid 

soils using LR values (pH 6.50) determined by laboratory 

incubation for three months. The buffer methods of shoemaker 

et al. (1961) and Pratt and Bair (1962) were found to be 

equally good and hence recommended for the present group of 

soils. Among soil properties, pH, CEC and organic matter were 

found to be significantly related to LR and a function of (pH 

6.5 - soil pH) x % organic matter also correlated well. 

Bhoumik and Totey (1990) studied the soils of 

Boriforest of Madhya pradesh and observed that, the soils are 

mildly acidic to neutral in reaction. The organic matter 

content of these soils was high at. the surface and gradually 

decreased down the profile. CaH as compared to MgH was more 

recycled from lower to A-horizon. High Ca : Mg ratios in the 

upper layer relative to lower ones elucidated the active role 

of teak in the pedogenesis. 
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Sahu and Pattnaik (1990) studied the effect of lime 

and organic matter on pH, CEC and exchange phenomenon of seven 

Alfisols (surface and sub surface) of Orissa, after 10, 20 and 

30 days of incubation. The effect was less after 20 days and 

least after 30 days. In such soils liming before 20 days of 

planting was recommended. But even after 30 days, these values 

were higher than the initial values. 

Das et al. (1992) studied the nature of acidity and 

exchange chemistry of some laterite soils of Orissa. They 

observed that, laterite soils of Orissa belonging to Alfisols, 

Ultisols and Inceptisols have pH dependant acidity varying 

from 3.1 to 11.8 cmol (Pt)/kg and were mainly associated with 

the inorganic fractions of soil such as oxides of Fe, Al and 

clay. pH dependant acidity at pH 8.0 was 3 to 4 times greater 

than that, at pH 7.0 exchangeable A~tt was detected below pH 

5.2 and Al saturation (%) in the exchange complex varied from 

2.4 to 61.3 and POssessed a highly significant negative 

correlation with soil pH. Potential acidity in soil varied 

from 3.4 to 13.5 cmol (pt)/kg of which the exchange acidity 

was 1 to 29.7% and the rest being pH dependant acidity. The 

permanent negat i ve charge component in soi 1 dominated over the 

pH - dependant ones at pH 7.0 where as, the reverse ocCUrred 

at pH 8.0. 
More than half of the permanent charge was 

satisfied by Ht and A1 3+ below pH 4.7 and 
the value decreased 

to less than 2.3 per cent above pH 5.8. 
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Ramanamurthy and Sharma (1992) reported that high 

altitude profiles had larger organic matter accumulation as 

compared with the low altitude profiles. Higher contents of 

organic carbon in northern and high altitude profiles is 

facilitated by lower temperatures which are conducive to 

organic matter accumulation. 

Soils at higher elevations in Raisen district of 

Madhya pradesh were less developed and had low pH, CaCo3 , clay 

content, CEC and exchangeable cations than the soils in lower 

elevations (Shrikanta et al. 1993). Differences in soil 

development were due to differences in parent material, 

vegetarian and elevation. 

Bala and Sahu (1993) studied five pedons of the hill 

slope soils of middle Andaman Island which were strongly to 

extreamly acidic and fairly high in organic matter. The values 

of CEC varied from 10.6 to 23.2 cmol (p+}/kg and calcium 

dominates the exchange coplex along with exchangeable Al+++. 

satyavathi et al. (1994) studied the soils of 

Kathawara peninsula and observed that simple correlation 

co-efficient among different soil characteristics show 

significant correlation of CEC with clay, silt and organic 

matter content. However clay had a higher co-efficient of 

correlation (r=0.84) than silt (r=O.36). Clay content appeared 
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to be the main contributing factor to the origin of CEC. CEC 

had also been found significantly correlated with organic 

matter based on organic carbon determination. 

Ananthanarayan and Hanumantharaju (1994) studied the 

nature of soil acidity and lime requirement in the 

Agro-climatic zones of Shimonga district (Karnatak) and 

observed that total potential acidity contributed to major 

portion of cation exchange capacity. Aluminium saturation 

increased with increasing total potential acidity where as 

calcium saturation decreased it. pH-dependant acidity 

contributed more than 90% of the potential acidity. 

Sharma et al. (1994) studied the soils developed 

across a toposequence over Basaltic parent rock at the 

southern Rajstan and observed the chemical characteristics 

like pH, E.C., CaC03, available P and K, in general, increased 

along the transact. This may be due to the migration of salts 

and bases from the region uf higher topography to lower one. 

Apart from this organic carbon and available Nitrogen at 

elevated topography were higher and decreased along the 

transact. 

TI.3. Physiography and Land form : 

The term toposequence was introduced by Jenny 

(1941). The topography and land form affect the air and water 
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movement in soil by their effect on drainage, runoff and 

erosion to a great extent. 

Biswas and Gawande (1962) from the study of drainage 

condition of chhatisgarh basin postulated that differential 

transport of eroded mater ial t leaching t trans location and 

redeposition of mobile soil constituents influenced the 

genesis of the soil. From well drainage to impeded drainage 

condition down the slope the solum depth increased and the 

profile character reflected the same. There were some 

traditional and gradational changes also appear: like, colour 

from red to dark grey brown; reaction from acidic to alkaline; 

structure from structure less to blocky: texture from sandy 

loam to clay: consistency from non-plastic to very plastic and 

finally presence or absence of CaC~. 

Report published by Klant and Beatty (1972) on the 

soil sequence in Brazil reported that the soils developed on 

slopes or steep hills are less affected by weathering process 

than plateau soils. 

Kabachiev et al. (1972) reported from Bu1geria that 

from the granite parent material various types of soils have 

been f orme<1 depend i ng upon the degree of slope. Towards the 

toe slope the soils conta ined Cac03 and on the . foot hill 

position shallow acidic soils were formed. 
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D t 1 (1972) f rom Israel reported that the an ea. 

development of catena on northern slope consisted of 

grumusolic dark brown soils on flat hill tops; thick, 

non-calcareous brown soils on the moderate slope; typical 

brown rendzina on steep slope and brown rendzinic 

colluvial-alluvial soils on gullies. 

Zouzou and Furley (1975) reported from a 2000m 

transact study in Euphratas valley that having same parent 

material and different geo-morphological unites, Aridisols 

were fonlll?d at the top of the slope and Entisols at the 

bottom. With the distance and gradient of the slope there was 

an increase in clay content, moisture status and soluble salts 

with depth. 

Dutta (1980) reported that, the largest streches of 

acid soils are seen in the north-eastern parts of India and 

the pH of Nagaland soils varying between 4.0 to 6.5. He 

observed that, the factors particularly dominant in the 

development of acid soils are rainfall, temperature,acid 

igneous rock, hydrological condition and vegetation. 

Saxena and Singh (1982) studied ei9ht soil groups 

occurring in sernl'-al~l'd t h 'd I' o uml agro-ClIndtic regions of 

Rajsthan and observed that, thoUQh parent t '1 
~ rna erla seemed to 

exert a major influence, a gradient in degree at 
profile 
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development was observed. Soils of sub-humid region generally 

showed a higher degree of weathering and formation of 

secondary products. Different soils can be arranged in order 

of increasing intensity of pedogenic development as, (i) in 

semi-arid region-: Alluvial soils of recent origin < 

non-calcic brown < grey brown < brown soils, (ii) in sub humid 

to humid region: Hill soils < Yellowish brown < red loam < 

deep medium black soils. 

Gavaud et al. (1987) described the soil landscapes 

of the venezuelan territories of Amazonia. The soils from a 

sequence included lithosols, podzols, and peat at the highest 

altitude (2000m), a number of ferrolitic soils (Petroferric 

Gibbs iorthox, Petroplinthic Haplorthox, Acric Umbriorthox) 

from a 2000 to 100m and sandy soils (Quartzipsamments) at 

lowest altitudes. 

Morphology and other characteristics of the Nimkheda 

soils in Jabalpur, Madhya Pradesh were studied in relation to 

topography (Prasad et al., 1989). Taxonomically these soils 

were classified into Alfisol, Entisol, Inceptisol, Mollisol 

and Vertisol. Entisols were the dominant soils of hillocks and 

C onvex erosional 51 If' I Opes; A 150 S were next dominant and 

Mollisols and vertisols gradually down the slope gradient. 
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11.4. Genesis of Soil: 

From a study of the origin, structure and minerals 

in the laterites, Campbell (1917) stated that laterites were 

formed by two types of reu,.,tions, such as alteration and 

weathering. The former takes place within the zone of 

permanent saturation and consists in the elimination of iron, 

much of silica and some alumina and conversion of alkaline and 

silicates of alumina to hydrous aluminium silicates. True 

weathering took place above the water table in the zone of 

intermittent saturation. 

High precipitation, temperature and internal 

drainage are considered essential for the genesis of laterite 

and lateritic soils ( Vander Merwe 1950) . These factors result 

in rapid decomposition and disintegration of the parent rock 

and also the soil material, release of silica and fixation of 

sesquioxides on the surface horizon. Alternate wet and dr~ 

conditions with high temperature during rains was poit.ted out 

(Prescott and Pendeleton 1952) as the pre-requisite for the 

formation of laterite. 

The process of laterization and the occurrence of 

morrum in the red earths, valley bottoms and plain surfaces is 

not a matter of leaching silica alone, but also the 

. remobilization of Fe, ~ln and Al either up or down the soil 

profile depending on the prevalent drainage COlldition (Spurr 

1959) . 
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1952). 

Laterite formation involves seven phases (Kubiena 

These were: formation of a concretionary layer, 

mot t 1 lng and 

penetration 

formation of 

encasing of iron coating, scoria formation, 

of earthworm tubes, concretion formation, 

vesicular structure and hor~h-~nlng of the 

materials, dehydration of 

minerals by contraction, 

release of bases. 

gels, production of Fe and Al 

stagnation of ground water and 

Maignion (1958) had shown that ferruginous laterites 

may develop in a variety of materials provided there is a 

source of iron either in the parent rock or in the adjacent 

higher lying areas from which water may introduce ferruginous 

materials. 

Tamhane and Namjoshi (1959) held the view that red 

soils are derived from granitic and gneissic rocks rich in 

orthoclase feldspar and micas rather than in plagioclase, red 

shales and sand stones. 

The laterite from basic rock is highly aluminous and 

in the case of rne~lum acid rocks it is predominantly 

kaolinitic. The presence of high amounts o( quartz in acid 

rocks possibly perrnited the development of red loarns and red 

earths of greater depth in place of laterite structure 

(Satyanarayan and Thomas 1962). Anjaneyulu and Raychoudhuri 
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(1964) showed that the Alfisols and Ultisols of Mysore and 

Gujrat state.were formed from fresh or slighty pre-weathered 

granites or gneisses and crystalline schists and subordinate 

rocks rich in ferromagnesian minerals which gave rise to the 

red soils. 

Gowalkar (1972) from a study of the clay mineralogy 

of laterite soils of south India indicated that high rainfall 

and a dry period of 4-5 months are essential fOI the process 

of laterization on the acid igneous rocks. The soils were 

under kaolinization as against 1aterization which is achieved 

on basic rocks abundant in alkaline earths, which promote 

alkaline hydrolysis. He also stated that, the climatic 

environment will not necessarily reflect in the genesis of 

lilterite soil lying al lower altitudes. 

Bhargava et al. (1973) observed that granite gneiss 

type of rocks rich in quartz and orthoclase feldspars have 

given rise to red soils (Alfisols) in Tungavadra Catchment 

area. 

Physical, chemical and mineralogical properties of 

a medi terranean red 50il characterised by Tarzi and paeth 

(1975) have shown that the soil was almost decalcified. As a 

consequence, it Jlac] a fairly well developed soil profile. 

Illuviation of clay and the formation of an argi 11 ic horizon, 
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accumulation of organic matter, enrichment of sesquioxides and 

kalonization were the major processes in the development of 

these soils. 

Wu and Ding (1992) studied the soil in Hunan 

province china. The soil formation in this region was 

characterised by strong eluviation, distinct disilicification 

and allitization as well as marked biologicals activity. The 

soil sequence from mountain foot comprises mountain yellow and 

red soil(400-650m a.s.l ). mountain yellow soil (650-1100m) 

and mountain para- yellow soil (above IIOOm). 

Gupta and Verma (1992) studied some soils of t.he 

Kandibelt in Jammu Shiwalik and observed lhat, Quartz was the 

dominant mineral in light sand fraction followed by 

muscovite/sericite and feldspar while ferruginous minerals 

. (Hematite and Mgnetite) with fair amount of garnet, epidote, 

hornblend, biotite, kyanite, tourmaline and zircon from the 

heavy fraction. Mica/illite, chlorite smectite, vermiculite 

and kaolinite were in the main clay minerals. Similarly of 

clay minerals in all the pedons showed dominant influence of 

parent material on their genesis. 

11.5. Classification of Soil : 

Luzio (1972) studied the soils developed on 

toposequence from granites and granodiorites and classified 
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as; Ultic Haploxeralfs and Typic Xerofluvcnts respectively, 

from higher altituJ~ to lower altitude. 

Bakr et al. (1978) reported that Inceptisols and 

Entjsols were common on hill slopes due to younger age and 

slopes, which did not allow profile differentiation. Cooler 

sites were congenial for formation of Mollisols. 

Dutta (1980) stated that, the large variation in 

altitude is from 300-3300m in Nagaland had given rise to 

diversity in climate and Vegetation which are the pre-dominant 
,. 

factors for the classification of Nagaland soils into four 

orders-Entisols, Oxisols, Mollisols and Spodosols. 

Chakravarthy and Barua (1983) studied five pedons 

from citrus growing belts of Assam developed on tertiary 

. sedimentary deposites over Archean gneiss, under sub-tropical 

hyperthermic and thermic climate representing varying 

topographic position. The soils were very deep, well 

structured and exhibit varying stages of development with 

weakly developed argillic horizon. The texture varied from 

sandy clay loam to silty clay in surface horizon to clayloam 

to clay in the sub-surfllce and classifi(~d as Paleustalf, 

Hapludult, Paleudult and Haplohumult. 
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Sehgal et al. (1985) studied two dominant soils of 

the warm temperate and humid region of the central Himalayas. 

He observed that, the mountain soils on slopes formed on 

chlorite- schist under deciduous forest have a mollie epipedon 

under-lain by a cambic harizon. The soils in the valley 

developed on colluvium (derived 1II.dnly from gneiss) show a 

clay-enriched Bt horizon and an ochric or mollie like ochrie 

epidedon. The soils of mountain and valley were classified as 

Typi<.! Jlapludolls and Mollie Hapludalfs respectively. The 

classification finds support from their geographic 

distribution with umbrepts in their north-east (cool per-

humid) and Humults in the south-west (warm per-humid) zones. 

Tiwary et al. (1989) studied the red, yellow and 

black coloured soils in a topographical sequence in Rajmahal 

Trap of Bihar. Red soils were Alfisols, while black soils are 

Inceptisols, vertisols, Entisols and Alfisols. The yellow 

soils were Inceptisols. 

Prasad et al. (]989) studied the profile development 

in relation to topography. He ()bserve~ lhat, Entisols are the 

dominant soils of hillocks and convex erosional 1 s opes. 

Alfisols are the next c1omind11t soils and then lhe Hollisols 

and ve r tis 0 ) s CJ r a d u a ] ] Y (1 ()\,j Jl the s lop e. Un d u 1 d tin 9 1 u II d sea p e , 

.poor ground covel, to se\"cre ("10sio11 and high 

shrinkage and swelling properties were some of the problems of 

the soils. 
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Walia and Chamuah (1990) studied four typical pedons 

representing foot-hill slopes, piedmont plains and flood 

plains in Tirap (Arunachal Pradesh). They observed that the 

soils of foot-hill slopes (PI) are characterised by argillic 

horizon and low base saturatioll ( < 35%) and therefore, keyed 

out as Hapludults. Soils of piedmont plain and flood plain 

(P 2, P3, and P4) showed the development of cambic horizon (B 2) 

and qualified for the order Inceptisols. 

Singh et al. (1990) studied soils of mid-shiwalik 

region representing upland with steep slopes, strongly sloping 

land valley land and land in the vicinity of streams. Upland 

soils had only ochric epipedon and no sub-surface diagnostic 

horizon and classified as Typic Udorthents. Strongly sloping 

soils had ochric epipedon underlain by an argillic horizon and 

were classified as Hapludalfs. Valley land soils were quite 

deep, attributed to free infiltration and percolation and were 

classified as Typic Hapluda] L .. Soils of vicinity of stream 

had an ochric epipedon underlain by stratified layers with 

preponderance of coarse fragments, qualified for Typic 

Udifluvents. 

Singh et al. (1991) conducted a detailed soil survey 

to characterise and classify the mid altitllde soils of o\lter 

Hirnalays in order to generate and transfer agro-technology to 

otlier areas having comparable soil site characteristics. The 
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soils have been developed on Simla group of rocks under 

monsoon climate as conditioned by undulating topography and 

peculiar natural drainage system. Soils of high and low 

altitudes were Dystrochrepts and the mid-hill soils \.;ere 

Hapludults. 

The pedo-chemical characterisation and genesis of 

soils in relation to altitude in Mizoram was studied by Singh 

et al. (1991), where they found that silica, the dominant 

constituent of all the soils decreased with depth with 

simultaneous increased in sesquioxides where as, CaO and MgO 

contents increase with decreasing, altitude. Soils of high and 

low altitude were Umbric Dystrochrepts while mid-hill soils 

were Typic-Hapludults. 

Four pedons from a lateritic zone and three pedons 

from a mixed red and black soil zone under subtropical 

monsoonic climate of Khurda district in a toposequence 

(Panigrahi 1991) indicated shallow sandy profiles in the upper 

ridges and deep clay loam at the bottom region. There was an 

increase in the clay contellt and CEC and gradual decrease of 

organic matter down the profile. The upper ridge soils and 

mid upland soils were classified under Alfisols and the soils 

of mid-low land were classified under Inceptisols. 
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Studies on the high level and low level laterites of 

Orissa (Sahu & Pattnaik, 1991) in the Eastern ghat region 

indicated the high level laterites to be more clayey, higl1er 

CEC but were dominated.by kaolinite. The low level laterites 

are comparatively light textured, lower CEC and were of mixed 

mineralogy. The high level laterites were classified as Rhodic 

Paleustalfs and that of low level laterites as Plinthic 

Haplustults. 

Bhatacharyya et al. (1992) studied the soils in part 

of western Maharastra cllid configurated into four major 

physiographic units viz. hills, plateau, pediment and piedmont 

plains. (i) In hills the entire land form was severely eroded, 

rugged with frequent rock out crops, steep to very steeply 

sloping, very shallow to shallow, gravelly fine loamy, reddish 

to reddish brown, non calcareous and were grouped under Lithic 

Ustorthents (ii) In plateau these were gently sloping, shallow 

to moderately deep, siltclay to clay, brown to very dark 

greyish brown, non- calcareous soils with more than 0.5 em 

cracks vertically extending to a depth of 30-80 ern, peds had 

pressure-faces, and/or slicken sides and were grouped into 

Typic Haplustalf, Typic chrornustert, Typic Ustl'opept. (iii) In 

pediment the soils having lIIoderately sloping, eroded, very 

shallow to shallow t.o tIl. lithic contact, (Jravelly and 

calcareous were grouped into Lilhic lhJorthellts, and soils 

having moderately deep, gentle sloping, gravelly clay loam, 
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dark brown, calcareous with 1-2 em wide cracks extending to a 

depth of 32-60 cm, peds exhibiting pressure faces were 

classified as Typic Ustropepts and vertic Ustropepts. (iv) In 

piedmont plains, the area having very gently sloping, 

moderately deep, c lay loam, dark brown, calcareous, very 

slightly to moderately eroded having peds with pressure faces 

and cracks of 1 em wide and 30-50 cm deep were classified as 

Vertic Ustropepts where as, the area having very, gently 

sloping deep to very deep, slightly clay to clay very dark 

greyish brown calcareous and very slightly eroded with well 

developed slickensides and 2-4 cm wide cracks vertically 

extending to a depth of 70-80 cm. have been classified as 

Typic Chromusterts. 

Gupta and Verma (1992) studied five typical pedons 

representing, Kandi belt of Siwalik region of Jammu and 

observed that; pedons 2nd to 5th situated on flat topography 

and well levelled lands were less developed as they have no 

other horizon except ochric epipedon and therefore keyout as 

Entisols but 1st pedon had more or less well developed 

characterised with altered or cambic sub-surface horizon 

beside ochric epipedon therefore put under Inceptisols. 

Kaistha and Gupta (1993) studied the soils of the 

sub-humid temperate highlands of the central Himalayas. The 

soils formed on steep slopes over granite/ gneiss parent 
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material having mixed vegetation had ochric intergrading to 

ruollic epipedon. Contrary to this, the soils on mild slopes 

over similar parent materials and under potato cultivation had 

mollie epipedon underlain by cambic subsurface horizon. The 

soils have been classified as Mollie Udorthents and Fluventic 

Hapludolls. 

Five pedons of the hill slope soils of middle 

Andaman Island were characterised and classified taxonomically 

(Bala and Sahu, 1993). The soils were situated on a slightly 

sloping land terrain with undulating surfaces. Soils were 

strongly to extreamly ac idic and fairly high in organic 

matter. The vallH~ of CEC varied from 10.6 to 23.2 cmol (P+) 

-I kg and calcium dominated the exchange complex along \.Jith 

exchangeable A13+. Soils ~f mid-hill and terrclce and 

terrace-hill slope were classified as ustifluvents, mid-hill 

terraced undulating up land as Typic ustifluvents, and 

undulating sloppy medium land as Dystrochrepts. 

Sharma et al. (1993) studied six soil series (Bathu, 

Koharchan , Garget, Tooli, Mair i and Pandogha) in the hilly 

parts of soan river catchment in Himachal Pradesh. The soil 

series namely Tooli, Bathu, Koharchan, Hdiri dud gagret were 

characterised by the absence of B horizon and showed very poor 

profile development and were put under Entisuls. :':,)115 of 

pandogha ser iel..> showeu the presence of an oehr ic epipedon 
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underlained.by the sub-surface horizon showing absence of rock 

structure for at least half of the volume and qualified only 

for cambic horizon and order Inceptisols. 

Walia and Chamuah (1994) studied six soil profiles 

of Arunachal Pradesh occurring in differt~nt land forms viz. 

alluvial plain, piedmont, recent flood plain, channelbar, 

flood channel and terrace. The soils were stratified, coarse 

textured, slightly acidic to neutral with high organic carbon 

content I low CEC and high per cent base saturation. The 

terrace and piedmont soil exhibited A-B-C horizons and were 

classified as Inceptisols. While soils of other land form lack 

in B horizon and hence keyout as Entisols. 

Sharma et al. (1994) studied Eight soil series in 

lower Siwaliks of Himachal Pradesh. The soil series of 

piedmont plain and of flood plain were characterised by the 

absence of B horizon and shown very meagre profile development 

and were grouped under Ustipsamments and ustifluvents. The 

soils of other series in piedmont plain showed the presence of 

an ochric epipedon underlained by cambic sl~b-surface horizon 

showing the absence of rock structure in at least half of the 

vOlume were classified as Typic Ustochrepts. 



Orissa. Four series viz. saplahara (ridgetop), Badsahir (upper 

valley), Bhandarimal (lower valley), and Kusamura (valley 

bottom) were identified. All the three pedons except Kusamura 

have a moderate, medium, subangular blocky structure. There 

was presence of patchy clay cutans on the ped faces in the 

sub-surface layer indicating the presence of argillic horizon. 

The soils of Kusamura had coarse fragments and dist inct 

reddish brown to yellowish red mottles on the surface. 

Badsahir and Bhandarimal soil series were classified under 

Udic Haplustalfs, Saplahara series under Udic Paleustalfs and 

Kusumura series under Aeric Hapluquents. 

II.6. 

II.6.l. 

Different forms and status of potassium in soil and 

their releasing characteristics : 

Forms and status of soil potassium : 

Potassium exists in soil in different forms i.e., 

water soluble, exchangeable, fixed (non-exchangeable) and 

lattice K. All these forms of potassium are in a dynamic 

equilibrium with each other. Water soluble K increases with 

dilution because of the increase in hydrolysis of exchangeable 

K and fUrther replacement of K by divalent cations or 

dissociation from potash bearing mineral (Reitemei,r 1951). 

Following schemes have been proposed by different 

workers to explain the equilibrium between 'various forms of 

potassium in soil. 
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a) Primary mineral ----~) Fixed K (acid insoluble Acid 

soluble) ,> Replaceable K ~ water soluble K 

.•••• Exchangeable K (Wood and Deturk, 1940). 

b) Structural K -~ adsorbed K ~ water soluble K 

.•••. Non-exchangeable K (German, 1957). 

C) K in solution ~ Exchangeable K ~ Fixed or reverted K 

on external surfaces (Rapid and Continuous exchange) slow 

and contigent exchange ~ ~ K definitely fixed • 

.••.• (Barbier, 1962). 

d) Unweathered Slowly Irrigation 
mineral K~ Jexchangin~ wlter 

weathered Rapidly Surface 
mineral K exchanging soil 

\r ,/ 
Sub-soil 
~ 

Drainage 

(Tal!budeen, 1972). 

Arnold (1960) reported that exchangeable K is easily 

available and non-exchangeable K is difficulty available to 

the plant. 

variation in the potpssium content in soil is due to 

the variation in primary and secondary potash bearing minerals 

'(Prasad et al., 1967). 
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Verma and Verma (1968) observed significant positive 

correlation between available K and pH in red and yellow 

soils, and also between available K and organic carbon in 

alluvial and mixed red and black soils. 

Pareek et al. (1972) found considerable amount of 

non-exchangeable K (106 meq/lOO g) in red soils of Rajsthan 

which they attributed to the presence of muscovite. High 

content of non-exchangeable K in red soils of Ranchi and Tamil 

Nadu was however attributed to the presence of illite 

(Ekambaram 1975). 

Choudury and Pareek (1976) observed that, reserve K 

correlated significantlY with sand, silt, exchangeable K, 

fixed K, inter layer K, and total K content of the soils. K 

fixing capacity ranged from 0.15 to 1.41 meq/lOO g correlating 

5 igni f icant ly with organic carbon and c lay content. Res istance 

of the soil to K-depletion was closely correlated with silt 

and clay content. 

Tiwari and Ram (1976) observed significant positive 

1 tion ,between watersoluble K and available K, Hel 
corre a 

9 

soluble K and clay, available K and organic carbon content of 

the soils. 
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Ranganathan and Satyanarayan (1980) studied the 

potassium status of soils of Karnatak and observed that, the 

variation in the distribution of potassium depended upon the 

mineral present, particle size and degree of weathering. 

Singh et al. (1983) reported that both lattice and 

fixed K were positively correlated with silt and clay; 

exchangeable and non-exchangeable K with C. E. C., organic 

carbon and clay; but all the forms were negatively correlated 

with sand. The different forms of K were positively correlated 

to each other except watersoluble K which had positive 

correlation with exchangeable K only. The changes in soil K 

supply and contribution of K to cr0ps from the non-exchgeable 

source in 2 soils (Typic Ustochrepts) were studied by 

Geneswarmurthy et ale (1985). 

Bandopadhyay et ale (1985) studied the different 

fraction of K and Q/I relationship in relation to K supply 

capaci ty to plants and observed that, there was a good 

correlation between clay content and non-exchangeable K of 

soil. 

Singh et al. (1985) stuu12d the distribution of 

different forms of potassium in the soils of western part of 

Hariyana and observed that, the total K, cone. Hel soluble- K, 

IN HN03-K and NH40Ac-K were positively correlated with per cent 
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Yadav and Swami (1988) studied the effect of 

potassium fertilizer on dry matter yeild and observed the 

decrease in exchangeable K content with cropping. The 

contribution of soil reserve K towards K-nutrition of plant 

was considerable. 

Potassium availability as related to climate, soil 

texture, clay mineral composition, soil moisture were studied 

by Kemmler and Hobt (1991) they reported that, (i) under humid 

tropics and subtropics the soils were poor in plant available 

K than temperate region in concequence of intensive leaching 

of nutrients. (ii) At the same level of exchangeable K, clay 

soils showed low concentrations of K in the soil solution, 

sandy soils high concentration. Clay minerals like illite and 

vermiculite in particular adsorb K selectively resulting in a 

lower K- concentration in soil solution. This was reverse in 

case of kaolinitic type of clay minerals. Organic matter had 

no specific binding sites for K, (iii) The effective 

availability of potassium was higher at optimum soil moisture 

as it was largely controlled by mass flow. 

Deshmukh et al. (1991) studied different forms of 

potassium in soils of Vidarbha region and obtained significant 

positive correlations among various forms· of K. The clay 

content was correlated significantly and positively with water 

soluble-K, NH40Ac extractable-K, HNO) soluble-K and HR-8-K. The 
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clay contained higher amount of potass ium as compared to 

non-clay fraction. 

Sharma and Sekhar (1992) studied the soil-plant K 

interrelationship in six s;il series differing in K status 

through short-term adsorption with sorghum and observed that, 

K supply considerably influenced dry matter yield and K uptake 

and its distribution in shoot-root portion of the crop. The 

lowest and highest estimates of these parameters in soils were 

low and high in both NH40Ac-K and HN03-K respectively. A nl .. ljor 

part of potassium is absorbed by plant from non-exchangeable 

source. Both NH40Ac-K and HNO)-K correlated significantly and 

positively with the K content in the plant. 

Basumatary and Bordoloi (1992) reported that the 

significant positive relationship of different forms of K and 

K- fixation capacity with clay, silt, organic carbon, CEC, 

percentage base saturation and negative relationship with 

sand, water soluble, exchangeable, non-exchangeable-K and 

K-fixation capacity showed positive correlation with pH where 

as, total and Lattice-K showed negative relationship. 

Talete et al. (1992) stated that, all the forms of 

K were related with each other and showed highly significant 

positive correlations with per cent K-saturat' lon, soil pH, 

CaC03 equivalent, exchangeable Ca, CEC where as, these were 
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negatively correlated with organic carbon, sand and silt 

content of the soil. 

Venkatesh and Satyanarayan (1994) studied potash 

reserve in particle size fractions of vertisols of north 

Karnatak. They stated that, the percentage contribution of 

coarse sand, fine sand, Hilt and clay towards total soil-K was 

4.2, 9.B, IB.7 and 67.3% respectively in different soil 

profiles. All the forms of potassium in soil were positively 

and significantly correlated with K-content in silt and clay. 

Srirajual et ale (1994) studied on different methods 

of potassium determination in some selected soil of 

Bangaladesh. They observed that, all the forms of K were 

directly related with one another. In a rice pot culture they 

tried to find out a suitable K determination method by 

. correlating the soil K values with the drymatter yield and K 

uptake. They stated that, NH40Ac and bioling HNOJ extractable 

K had the highest correlation coefficient with the dry matter 

yield (r=0.B02 Clud 0.729) and the K uptake (r = 0.B59 and 

0.87) by the rice husk. 

Venkatesh and Satyanarayan (1994) studied the status 

and distribution of potassium in vertisols of north Karnatak 

and stated that the variation in distribution of K depends on 

the types of the mineral present, particle size and de 
gree of 
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weathering. Water soluble, exchangeable, non-exchangeable and 

lattice K constituted on an average 0.02%, 2.6%, 8.4% and 

86.5% of the total soil potassium respectively. Major fraction 

of K was constituted by the mineral fraction. All thE ~orms of 

soil K were inter-correlated indicating the existence of 

dynamic equilibrium among them. 

11.6.2. Release of soil potassium : 

Ramanathan (1977) defined potash releasing power or 

the soils as the sum of non-exchangeable potassium converted 

to exchangeable from thus becoming available to crops besides 

the exchangeable and water soluble potassium already present 

in soil. In an attempt to distinguish between the potassium 

releasing and potassium Supplying power of soils, Nash (1971) 

defined potassium SUpplying power of a soil as the amount of 

K supplied to the growing plant from soil solution, 

exchangeable and non-exchangeable sources. The potassium 

releasing power denotes the total availability but not total 

uptake of K, because of the entire amount that is released is 

not used by the plant. 

MaClean (1968) stated that, the release of potassium 

from non-exchangeable source serves as an index of the ability 

of the soil to supply potassium to the crop without any 

addition of potashic fertilizers. Therefore, efficient soil 

fertility management warrants a thorough knowledge of this 

phenomenon. 
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Mohapatra and Rajendra prasad (1970) stated that 

lack of response to potassic fertilizers in many soils may be 

partly attributed to the greater ability of these soils to 

release non-exchangeable - K. 

Tabatabai and Hanway (1969) reported that unless a 

f h bl K 1., S leaclled there is minimum level 0 exc angea e 

practically no release of K from the non-exchangeable source. 

The potassium released from the minerals due to 

weathering and delivered to the roots must first pass through 

the exchangeable state and soil solution. Therefore, a 

reliance on potassium release from the non-exchangeable state 

results in a declining fertility status (Grimme, 1975). 

Ramanthan (1977) found that red soils in general 

release much lower amounts of K than other soil groups. He 

showed that non-exchangeable K utilised by the plants grown in 

the glass house pots ranged from 40.8 to 95.2% under 

exhaustive cropping. When potassium fertilizer was applied, 

the extent 0f non-exchangeable K used by rice was reduced. 

When the extent of non-exchangeable K used was higher, the K 

uptake from supplied source was lower. 
.. 

with a 

Feigenbaum et ale (1971) reported that s01.'l 
samples 

distribution ratio above unity (i.e. with K mainly in 
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silt fraction} and a high total K content released K at a 

higher rate than those with a distribution ratio below unity 

and a high total K content. 

Aggriadis et al. (1978) calculated a value for the 

activation energy of the release reaction, which must be 

considered to lend support to the ,iew that potassium release 

in the soil is diffusion dependant. 

According to MaClean (1978), as exchangeable K is 

exhausted, non-exchangeable K is released though release may 

be an insufficient suppliment of crop needs due to limitations 

both in quantity and in rate. Still more intensive removal of 

K by prior cropping or other means of extraction removes 

native non-exchangeable K, opening additional wedges in the 

clay lattice causing potential fixation of subsequently added 

K. Conversely addition of soluble K cause first adsorption to 

cation exchange complex and then fixation of a portion in non­

exchangeable from which appears to be a more closing of the 

wedges in the partially opened illitic st.l..llcture. 

Ramanathan and Krishnamoorthy (1982) defined K 

supplying power of soil as the ctmount of K supplied to growing 

plants from soil solution exbhangeable an& non-exchangeable 

form, whereas K releasing power is the sum of non-exchangeable 

K converted into exchangeable form and the exchangeable in to 

water soluble. 



52 

Ram and Prasad (1983) assessed the K release from 30 

soil samples of East Khasi hills of Meghalaya and reported 

that, the levels of exchangeable K decreased by 13.2 to 80% 

after five cropping of maize and finger millet. The percent of 

uptake of non-exchangeable K decreased with increase in 

exchangable K; total K removed by the crop gave negative 

relationship with the per cent of non-exchangeable K. Both 

exchangeable and released non-exchangeable K were 

significantly correlated with K uptake and dry matter yield. 

Joshi (1986) studied the potassium release behav lour 

in some acid soils. He observed that the amount of K 

extratable by IN NH 40Ac and that after first heating was 

relatively higher in grey brown loam than in the light loam 

and light brown soils on further heating except in a few cases 

there was not much difference in K - release. K-release in 

. first heat treatment was significantly associated with organic 

matter in all the three types of soil; with subsequent heating 

in grey brown loam and brown light loam soils, weathered K 

bearing minerals in silt fraction and illite nature of clay 

mineral appeared to contribute for the release. 
+ Multiple 

regression of K release on some soil properties indicated 

oet ter predictabi 1 i ty ill grey brown loam and brO\"n light loam 

than in light brown sandy soils. 
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Sawili and Challdl (1986) studied about the potassium 

release in alluvial soil. They observed the rate of release of 

non-exchangeable K by Na-TPB (sodium tetraphenyl boron) 

increased with time and can be defined· by first order 

reaction. The cumulative K release and calculated rate 

constant was related to soil texture. The rate of release was 

more in case of illite followed by chlorite, then smectite 

within the same textural class. 

Sahu and Gupta (1987) studied the fixation and 

release of potassium in some alluvial soils. K release was 

studied by executive extractions with IN HN03, 0.01 CaC12 and 

by SUbjecting the soil to alternate submergence and drying 

followed by extraction with IN NH 40Ac <lJH 7.0). IN HN0 3 

released much more K than other two extractants. Only a small 

fraction of the non-exchangeable K was released by 0.01 M 

CaC12 and IN NH4 OAc. 

Swarup and singh (1987) studied on the movement of 

potassium in a sodic soil profile and observed that a major 

POrtion of the applied K remained in the top 30cm soil and 

mOved in successivelY decreasing amount down the profile to a 

depth of 75cm. 

Sharma and Dubey (1988) studied the potassl' urn status 

of vertisols and associated soils in a toposequence and 
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observed that the surface soils had high water soluble K which 

in most cases decreased along the depth of the profile. The 

higher lattice K content in the pediment soil could be 

attributed to the presence of higher amounts of less weathered 

micaceous clay mineral. 

Krishna kumari and Khera (1989) stated that, IN 

bailing HN03 which extracted the non-exchangeable K release in 

the form of available K by K-bearing minerals, during crop 

growth can be recommended for use of micaceous soils where 

there was substantial release and utilization of K from non­

eXChangeable form under intensive cropping. 

Bhangu and Sidhu (1991) studied on release of 

potassium from soil differing in ammonium acetate extractable 

potassium in· soils of five bench mark soil series from 

Amarabati and Akola district of western vidharbha and reported 

that, all soils exceeds suggested response levels for 

available I< and Step K. Among the Entisols and vertisols, 

entis 1 'I bl o s from both the districts had high amount of aval a e 
I< . 

and Potentially available K (rating based on the amount of 

I< extractable by IN boiling HN0 3). Cumulative K released from 

non-eXChangeable source ranged from 2.81 to 6.05 mg/IOOg. 

Mishra and Singh (1992) studied on the potassium 

release characteristics of some bench mark soil of India and 
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obsereved that, the release rates of external K (PI) were 

computed from the linear portion and for lattice or matrix K 

(P2) from the curvilinear portion of the k release curve. In 

all the soil classes the value of PI was higher than P2. The 

rate of K-release (PI) for the illite soils were found faster 

. fOllowed by smectite soils than the kaolinitic soils. Although 

illitic soils have lower value of N~OAc - K than smectictic 

Sail, the rate of K-release was in reverse order. 

Pal and Mukhopadhayay (1992) studied on potassium 

releasing power of soils in a green house and observed that, 

significant positive correlation were between cumulative K 

re1eaGed and the initial level of exchangeable as well as non-

eXchangeable K, thus justifying that, K status governed the K­

release characteristic of the soils. Highest significant 

correlations were observed between cumulative K release after 

. 5, 10 and 15 times stepwise extraction by 0.01 N He1 and 

cumulative K uptake as well as dry matter production. The 

highest correlation coeff ic ient was observed between 

cumUlative K release in the 5th step of extraction with both 

Cumulative K uptake. 

Pal and Durge .(1993) studied on potassium release 

from clay mica in alluvial soils of India enriched with fine 

grained micas from semi-arid, moist sub-humid anc] 
per-humid 

climatic zones. 'They observed that, the K release 
- is governed 
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by only nature of clay mica. Rapid K release in semi-arid and 

moist sub-hUinid clays \-Jas due to higher biotite content while 

the much reduced rate in per humid clays was due to mica with 

more muscovite character. 

Dey et al. (1993) studied on the release pattern of 

non-Labile potassium in some Entisols, Inceptisols, Mollisols, 

Alfisols of West Bengal. The reserve of step K and constant 

rate K were evaluated in these soils by repeated extraction 

with bioling nitric acid. The threshold level of K in soil 

solution below which the release from initially non-

exchangeable K reserve starts was also measured for the given 

soils. The trend of the threshold K values follow the same 

sequence as the amounts of specifically held.K and total non-

ex~hangeable K reserves ill the soils, which in turn was found 

to be related to the illitic mineral content of the clay 

fraction of the gjven soils. The step K and constant rate K 

\-Jere further correlated with tlle reserve of the intermediate 

K as well as the amount of exchangeable K which was 

specifically held in wedge zones. 

11.6.3. Mechanism of K - Release : 

Mechanism of potassium is associated with the 

expaw.;ion of clay mineral Llttices. Exploitation of lattict~ 

upon drying especially in presence of CaCO J is important for 

supplying K (Ruymbeke, 1963). PotassiulO lIlay ue l'Pled"e,1 d l . - ,~_u ue 0 
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replacement by other cations such as CaB from the inter lattice 

position of micaceous clay minerals (Addiscott and Talibudeen, 

1969) . 

Kunishi (1963); R(lman and Jackson (1965) and Beckett 

(1970) reported that during drying surface tension forces 

acting on the weathered edy:~ of micaceous minerals of regions 

of those minerals which are interstratified with expansible 

and non-expansible layers, expose potassium atoms which are 

replaced by aluminium from the lattice. Scott and Smith (1968) 

reported the development of visible cracks in the interlattice 

position due to drying which exposed K. 

11.6.4 Extent of Potassium Release : 

The extent of potassium released by different soils 

varies considerably depending on genetic character of the 

soils and the numerous factors influencing them. Different 

crops have got different abilities to use non-exchangeable 

potassium reserves (Salmon, 1965) In temperate climates many 

sails often contain few weatherable mineral reserves and are 

believed to release potassium (Nyc, 1963) Salmon (1965) 

reported release of non-exchangeable K by love grass to vary 

from 3-293 Ibs ~O per acre. Varying amount of K released 

under cropping has also been reported by Tabatabhai and Hanway 

(1969) and Ataya (1973). According to Biswas (1974) soils 

which are already exhausted with respect to potassium, 

released very low amount of K from non-exchangeable forms. 



MATERIAlS AND METHODS 

The Integrated Watershed Development Programme in 

the state is being implemented in four watersheds at G. 

Udayagiri and Khajuripada in Kandhamal (Phulbani) district and 

Jagannath Prasad and Sorada in Ganjam district. The project 

area encompases both aerable and non-aerable lands under slopy 

terrain, prone to moderate to severe erosion hazards. The 

present case study is limited to Khajuripada block of 

Kandhamal district only. 

111.1. Location and extent : 

The district of Kandhamal is one of the centrally 

located district of Orissa. It is drained by three primary 

rivers namely the Mahanadi . , the Vansadhara and the 

Rusikulya. The catchment area of these rivers have been 

delineated and codified upto mini-watershed level. Each 

mini-watershed forms the unit of any integrated developmental 

programme. 

The hierarchy of the Nedisahi Nallah Mini-watershed 

is as follows 
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ORM 

(Mahanadi catchment) 

ORM-3 

(SaIki sub-catchment) 

ORM-3-8 

(Pilasalki watershed) 

ORM-3-8-5 

(Budharkedi sub-watershed) 

ORM-3-8-5-l 

(Nedisahi nallah mini-watershed) 
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(Primary river) 

(Secondary river) 

(Tertiary stream) 

(Quarternary stream) 

(Pentad streamlet) 

The Nedisahi Nallah mini-watershed (ORM-3-8-5-1) 

located in watershed ORM-3-8 (Pilasalki) and sub-watershed 

ORM-3- 8-5 (Budharkedi Nallah) in Khajuripada Block of 

Kandhamal district lies in between 20°26' to 20°29' N latitude 

and 84°17' to 84°26' E longitude (Fig. 2). It includes eight 

villages out of which the village sidingi and Nedisahi with 

the total geographical area of 265.705ha. has been taken for 

the present study (Fig. 3). 

The present land use pattern of the above two 

villages are given below along with some socio-economic 

informations (Anonymous, Soil Survey Staff (1989), Project 

Report on IWDP). 
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111.2. Socio economic information : 

Name of the Total Male Female S.C. S.T. Others 
village population 

1) Nedisahi 47 23 24 47 

2) Sidingi 219 105 114 81 138 

111.3. Drinking water facility : 

Village Well Tube well Tank Total 

1) Nedisahi 1 1 2 

2) Sidingi 2 4 

The mini-watershed comes under Eastern ghat hill 

tract having folded topography of anticlinal ridges and 

synclinal valleys. The entire land scape is sedentary origin 

with two broad categories. 

(1) Sedentary land seape in eroded phase with hill, hill 

slopes (pediment) and ridges (up land) and ; 

(2) Sedentary land seape in depositional phase (valley). 

For the present investigation surface as well as the 

profile soil samples were collected from foot hills (pI), 

upper ridge (P2)' mid-upland (P3)' mid-medium land (P.) 

medium valley land (PS) PI was under high land (forest) p 
, 2' 

and P« were under up 

situations. 

land and Ps was d un er medium 

and 

land 



111.4. Land holding pattern (Area in ha) . . 
Name of Agricultural land Non-agricultural land Cultivable Unculti-
the wasteland vahle 
village Upland Medium land Low land Hill Forest Gochar wasteland 

Nedisahi 10.848 3.076 6.134 1.810 0.280 

Sidingi 83.691 11. 886 4.846 10.223 9.669 6.760 0.685 0.600 

Total 94.539 14.962 10.980 12.033 9.669 6.760 0.685 0.880 

111.5. Non-Agricultural land : 

tbl-Agricul tural land 'Ibtal Reserve G. 

Ccmrunity 
area forest total 

Village Orchard Road & River, Burial village Rakhit 
land site Path Tank & ground welfare Land 

Nallah dev. 

0.485 0.325 0.230 1.653 2.185 25.026 25.026 

1.719 1.416 2.891 4.910 0.383 240.679 240.679 

2.204 1.741 3.121 6.563 0.383 2.185 265.705 265.705 
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The climate of the project area is hot and moist 

subhumid and falls in the North eastern ghat agroclimatic zone 

of Orissa with an average rainfall of 1280.16 mm. The mean 

maximum temperature is 37°c (May) and the mean minimum 

temperature is 10.4°c (December). The relat~ve humidity ranges 

from 64-80%. 

111.6. Natural Vegetation of the mini-watershed areas : 

some of the dominant species found in the localities 

are as follows 

Sal (Shorea robusta) , Piasal (Pterocarpus 

marsupium) , Mango (Mangifera indica) , Mahula (Madhuca 

latifolia) Tamarind (Tamarindus indica), Banyan (Ficus 

bengalensic), Sisal (Agave Sisalana), Jack fruit (Artocarpus 

integrifolia), Bamboo (Dendrocalamus strictus), Khajuri 

(Phoenix sylvestris), Kendu (Diosyrous melanoxylon), Chakunda 

(Cassia accidentles) sisoo (Dalbergia sisoo), Pokasunga 

(Ageratum conyzoides), Salapa (Caryoto Urens). 

111.7. METHODS OF ANALYSIS: 

111.7.1. Collection of soil sample: 

Field traversing was done in the mini-watershed 

areas under study. Profile sites were choosen taking into 

consideration ground cover/micro relief, degree of erosion, 

surface drainage, proximity to trees and all other factors 

likely to affect the soil in comparision with the normal type 
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Colour chart and was designated by the given notation i.e. 

hue, value and chroma. 

111.7.3.2. Mechanical analysis : 

The particle size analysis to determine the 

percentage of sand, silt and clay was carri~d out by Bouyoucos 

hydrometer method as described by Piper (1950). Sodium oxalate 

was used as the dispersing agent and the proportion of 

different nand, silt and clay fractions were determined. 

Textural class were determined using International Triangular 

chart. 

111.7.3.3. Bulkdensity I particle density and water 

holding capacity : 

Water holding capacity, bulk density, particle 

density and total pore space were determined by adopting the 

procedures outlined by Chopra & Kanwar (1976). 

111.7.4 Chemical characteristics : 

111.7.4.1 Organic Carbon: 

The organic carbon was determined by modified 

Walkley and Black's rapid titration method using ortho­

phenanthroline ferrous complex (Ferroin) as indicator 

following the procedures described by Chopra & Kanwar (1976). 
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they intended to represent. Profile pits ~ere dug in such a 

way that there was maximum sunshine on one end at the time of 

sampling. After clearing one face of the pit carefully with a 

spade the succession and depth of each horizon was noted and 

morphological studies were made. Then soil samples were 

collected from each layer vertically down and kept in separate 

bags with an informations sheet attached to each sample. 

Composite surface samples (0-15 cm) were collected 

from each Physiogrphic regions for determining the fertility 

status and . ' other propertles of SOlI. 

111.7.2 
Processing of soil sample : 

The soil samples were air dried, ground with a 

mortar with wooden pestle and passed through a 2mm seive to 

remoVe U d i hI n ecomposed roots etc. and then m xed throug y. The 

samples So b . 
o talned 

stoppered b 
ottles, 

further 
stUdY.The 

were preserved (approximately 1.Okg) in a 

lebelled and stored in a dry place for 

materials remaining on the seive were 

vOlumetri 
cally measured as coarse fragments and then 

discarded. 

111.7.3. Physical methods: 

111.7.3.1. Soil colour: 

The colour of the air dried and moist soil samples 

were determined by matching the colour with Munsell's Sail 
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Colour chart and was designated by the given notation i.e. 

hue, value and chroma. 

111.7.3.2. Mechanical analysis : 

The particle size analysis to determine the 

percentage of sand, silt and clay was carried out by Bouyoucos 

hydrometer method as described by Piper (1950). Sodium oxalate 

was used as the dispersing agent and the proportion of 

different nand, silt and clay fractions were determined. 

Textural class were determined using International Triangular 

chart. 

111.7.3.3. Bulkdensity, particle density and water 

holding capacity : 

Water holding capacity, bulk density, particle 

density and total pore space were determined by adopting the 

procedures outlined by Chopra & Kanwar (1976). 

111.7.4 Chemical characteristics : 

111.7.4.1 Organic Carbon: 

The organic carbon was determi d b ne y modified 

Walkley and Black's rapid titration method using ortho-

phenanthroline as indicator 

following the procedures described by Chopra & Kanwar (1976). 

ferrous complex (Ferroin) 
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111.7.4.2 Soil reaction: 

The pH of the soil samples were determined in 1:2 

soil:water suspension after equilibriating for half an hour 

with intermittent stirring by the ELICO pH meter, model-

LI-IOT. 

111.7.4.3 Electrical conductivity: 

The electrical conductivity of soil samples were 

determined in I : 2.5 soil water suspension after equilibria­

ting for half an hour by using ELICO conductivity bridge type 

CM 82 T. 

111.7.4.3 Exchange acidity: 

The KCl extractable acidity were determined by Lin 

and Coleman method (1980)i 109 of soil and 25ml of IN KCl 

solution was equilibrated for 30 minutes. It was filtered and 

then washed with additional volume of l25ml. of IN KCl in 25ml 

increments. The filtrate was titrated against standard NaOH 

using phenolphthalein indicator to know the exchange acidity. 

Exchangeable Al H+ was determined by adding NaP and back 

titrating with standard HCl. Exchangeable H+ was calculated 

from differences of total exchange acidity and exchangeable 

Al Ht. 

111.7.4.5. Cation exchange capacity : 

as per 

The cation exchange capacity of soil was determined 

Chapman (1965) by leaching with neutral norm 1 NH 
a 40Ac 
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and distilling off the absorbed NHt into boric acid solution 

after wa~hing out excess saturating solution by ethanol. Then 

it was estimated by titrating with standard acid using 

Bromocresol greenethyl-red mixed indicator. 

III.7.4.6. Exchangeable metalic cation : 

Exchangeanble sodium and potassium were determined 

from the N~OAc leachate collected from CEC determination by 

'ELICO' model; CL 22 D digital flame photometer. Exchangeable 

calcium and magnesium from the same leachate were determined 

by the versenate titration method as out lined by Heald (1965) 

after the leachate was evapo~ated to dryness, digested with 

aquaregia (one part HNO) & three parts HC1), washed in diluted 

hydrochloric acid and finally made to the original aliquot 

volume (Diehl et al. 1950). 

III.7.4.7. Lime requirement : 

It was determined by woodruff's buffer method as 

described by Chopra & Kanwar (1986). In this method 109 of 

soil and 20m1 of buffer solution (PH 7.5) was shaken for 10 

minutes and the PH was determind. The lime requirement is 

proportional to the depression in pH of the buffer. The lime 

requirement can be determined from the lime requirment scale 

for buffer method. 
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111.7.4.8. Detrmination of iron oxides : 

It was determined by the procedure developed by 

A.F.O. In this method 0.5g soil was taken and 30ml. distilled 

water was added to it, kept in hot water bath (40-45°) for 15 

min, 19 sodium dithionite was added and stirred for 15 min. It 

was centrifused at 2500 rpm for 10 min, and the supernatant 

was collected to a 250 mI. volumetric flask. Then to the 

residual soil, 25 mI. 0.02 N Hel was added and kept in hot 

water bath for 5-10 min at 40-50 0 C. Then it was centrifused as 

before and the supernatant was collected into the same 250 ml 

volumetric flask. The above procedure was repeated till 

100-110 ml of supernatant was collected & the volume madeup. 

Fifty ml solution was taken and charcoal filtered if 

turbidity/ colour development was there. If no turbidity or 

colour was there, 2ml filtrate was taken in a 50ml. volume 

flask 10 ml, acetic acid and NHpAc buffer, 2 mI. of 0.25% 

orthophenanthroline indicator was added & volume made up and 

colorimeter reading was taken in 508 nm. 

111.7.5. Determination of available nutrient status: 

III.7.S.1. Available nitrogen: 

Avai lable nitrogen was determined by the method 

described by Jackson (1973). Nitrogen released as ammonia 

during distillation of 20 g soil with 100 ml of 0.32% KMn0 4 

and 100 ml of 2.5% NaOH was rece i ved in 2% bor ic ac id 
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containing mixed indicator and 30 ml of the distillate was 

collected. The ammonia was titrated against standard HaS04. 

111.7.5.2. 

111.7.5.2.1. 

Available phosphorus : 

Bray's method: 

It was determined by shaking 2 9 soil in 20 ml of 

extracting solution (0.03N NH4F in 0.025 N HCl) for 5 minutes. 

The filtrate was estimated by colorimeter for P after 

development of colour by SnCla (Jackson 1973). 

111.7.5.2.2. Olsen's method: 

Available phosphorous was determined by olsen's 

method taking Ig soil in 20 ml 0.5 M NaHC~ and shaking for 30 

minutes in a mechanical shaker then it was filtered. A 

filtrate of 10 ml was mixed with 10 ml of chloromolybdic acid 

and volume madeup to 25 ml and reading was taken colori­

metrically (Jackson 1973) using 1 ml SnCl a as indicator in 

Bausch and Lamb (340) colorimeter. 

111.7.5.2.3. Available potassium: 

It was determined by equilibriating 5g soil in 25ml 

neutral normal ammonium acetate (Jackson 1973) and the reading 

of extract after dilution was taken in an ELI CO digital Flame 

photometer model No CL22D. 
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III.7.6. Potassium extraction by different methods: 

III.7.6.1. Water soluble K : 

Five grams of soil was taken in a 100 ml conical 

flask and equilibriated with 25 ml distilled water and shaken 

for one hour in a mechanical shaker. Then it was filtered and 

potassium concentration in the filtrate was determined by a 

Flame photometer. 

III.6.2. Exchangeable K : 

It is the difference of NH(OAc K and water soluble K. 

111.7.6.3. Non-exchangeable K : 

It was determined from the difference of IN HNO) -

extractable K and NH,OAc K. To determine the IN HNO) 

extractable K 2.5 9 of air dried soil was taken in a 100 ml 

conical flask and 25 ml of IN HNO) was added and the content 

was allowed to boil for 10 minutes. Then it was filtered to a 

100 ml volumetric flask and made up to volume by six time 

washing with 10 ml portion of 0.1 HNO l . The potassium 

concentration in the extract was determined after necessary 

dilution in a Flame photomete! (Wood & Deturk 1940). 

111.7.6.4. Lattice - K : 

It is the difference of total - K 

extractable - K. 
and IN HNO) 
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111.7.6.5. Total - K : 

One gram soil was taken into a 100 ml conical flask 

and 10 ml concentrate HN03 was added to it. After keeping it 

over night digestion was done on a hot plate till complete 

evaportion of HN0 3. Then 5 ml of diacid mixture was added 

(HNO): HCIO. in 3:2) and placed over the hot plate till 0.5 ml 

of the residue remained. Then the conical flask was washed 

from neck to bottom by distilled water and filtered to a 100 

ml volumetric flask. The volume was made up by repeated 

washing with distilled water. Then after required dilution the 

concentration of potassium was determined by a Flame 

photometer. 

111.7.6.6. Step-K (K-Releasing power of soil) : 

K-release characteristics of the soils from the non­

exchangeable source were studied following the method of 

Haylock (1956). Potassium was extracted repeatedly for ten 

times by boiling with IN IINO) in 1: 10, Soil : solution ratio 

at 10 minutes interval. To compute the non-exchangeable K in 

the 1st extract the NH.OAC -. K was substracted from the 1st 

HN~ extractable K. 

The amount of K extracted by HNO) decreased 

gradually with successive extractions to attain a constant 

value which was termed as constant rate K(CR-K). The amount 
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extracted in excess of constant rate-K is termed as the step-K 

(Stanton & Orchard 1963). 

111.7.7. NUTRIENT INDEX: 

111.7.7.1. Nutrient index was calculated by using the 

formula given below : 

No. of samples in low x I + No of ~amples in 
medium x 2 + No of samples in hIgh x 3 

Nutrient index = ---------------------------------------------
Total no. of sample analysed~ 

Rating of Nutrient index : 

< 1.5 ... Deficient. 

1.5 to 2.5 •.. Average. 

> 2.5 ..• Adequate. 

This rating was done as per the procedure described 

by Muhr et al. (1963). 

111.7.7.2. The groupiua under low, medium and high for the 

organic carbon, available phosphorus and available potash was 

done based on the values, described by Mitra et ale 1980 as 

follows : 

111.7.7.2.1 Organic Carbon (\) Rating 

< 0.5 Low 

0.5 to 0.75 Medium 

> 0.75 High 



III.7.7.2.2 

111.7.7.2.3 

III.7.7.2.4 

III.7.7.2.5 

Available N content (Alkaline Rating 
K MDO f method) (kg/ha) 

< 250 

250-500 

) 500 

Bray's availab,le PlOs (kg/ha) 

< 14 

14 to 40 

) 40 

Low 

Medium 

High 

Rating 

Low 

Medium 

High 

Olsen's available-P (kg ha-l ) Rating 

< 9 

9 to 22 

) 22 

NHfOAc-K (kg/ha) 

< 118 

118 to 280 

) 280 

Low 

Medium 

High 

Rating 

Low 

Medium 

High 
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RESULTS AND DISCUSSION 

Results of the investigation together with suitable 

and proper discussion are presented through the following 

'aspects for convenience in this chapter. 

r 
Morphological characteristics of the soil profiles. 

r Physical characteristics including densities, water 

holding capacity, total pore-space and mechanical 

composition of the soil samples collected 

r 

r 

r 

r 

r 

Chemical properties including pH (soil 

reaction) , electrical conductivity, organic carbon, cation 

exchange capac i ty and exchange compos i tions, exchange 

acidity. 

Lime requirement of the soils. 

Available nutrient status of the soil 

Forms of potassium in soil and their release 

characteristics in the profiles. 

Soil Genesis. 

Classification of soils as per Soil Taxonomy. 

IV.l. MorpholOgical characteristics of the soil profiles: 

After traversing the Sidingi and Nedisahi area of 

Khaj ur ipada P. S. in Khandhamal district, four pedons from 

sidingi and one pedon from Nedisahi were exposed one d . ay prlor 



Table : 1 ~orphology of the pedons of I.W.D.P. areas of Khajuripada 

--------------------------------------- --------------------------------
Pedon Horizon DepthCCm) Soil Colour boundary Texture Structure Consistence Special features 

Dr\" ~toist 

PI A2 0-14 5'fR 5/4 7.SYR 4/4 Cs s sg dl,ml ,ws ..... p 

B21 14-40 Sl"R S/6 2.SYR 4/6 Ow sl sg dl,mrfr,wss 

B22t 40-72 5YR 5/8 10YR 4/4 Dw 1 f,l,sbk dsh,mfi,ws few fine Fe and ~n £. thin patchy 
Clay cutan 

B2Jt 72-1S0 5\"R 4/6 10YR 4/4 cl m,2,sbk dh ,mvf!. ;."Vsup -do-
P.., Ap 0-11 SYR 6/8 SYR 4/8 Cs scl fl sg dsh,mfr.wsswps 

B21t 11-52 51"R 5/8 5YR 4/8 Ow c fl sbk dsh .mfr. ;."Vswp Thin patch Clay cutons 

fi22t 52-88 S'fR S/8 5'J"R S/6 Dw c fl sbk dsh. mfr . ·~"Vswp Thin patchy clay cutans 

52J 88-11S 5"1R S/8 5YR S/6 Ow c m2 sbk dsh .mfr. "ft"VSWP few medium Fe and ~n 

C lIS-ISO S'IR S/8 SYR S/6 Gc m2 sbk dsh .mfr. ;."Vswp -do-

P3 Ap 0-14 S)"R 6/4 7.5YR S/6 Cs 1 m2 sbk dsh,mfi ..... ss 

B21t 14-42 Sl"R 5/4 10YR 4/6 Cs cl m2 sbk dh, mfi , .... 5wp 

B22t 42-90 SYR 5/6 2.SYR 4/6 Cs c m3 sbk dh,mvfi,lo'Vswvp Few fine Fe and Mn 

B2Jt 90-172 SI"R 5/6 2.5YR 4/6 c c3 sbk dvh,mvfi .... "Vs wvp many fine Fe and ~n 

P4 Ap 0-14 S)"R 6/4 SYR 5/4 Cs 1 m2 sbk dsh,mfr,wswps 

B21 14-27 SI"R 6/6 SYR 6/4 Cs sl m2 sbk dsh ,mfr. ·.;sswps 

B22t 27-60 S'1"R 5/4 SYR 4/4 Cs cl m2 sbk dsh,mfi, .... s wp Thin patchy clay cutan 

B2Jt 60-1S0 SI"R 6/4 SYR S/4 c cJ sbk dh, mvfi.:JVs wvp -do-

p- AP 0-14 SIR 6/4 SYR S/4 dw sl m2 sbk dsh,mfr.;;ss wps 
) 

321 14-32 SYR 6/4 5YR 5/4 cw Gsl m2 sbk dsh.mfr ,';5S wps Quartz grain of 2-20mm size & 
Thin patch.clay cutan 

B22w 32-84 S'1"R 6 / 6 S'I"R S/6 cs Gcl c2 sbk dh,mfr,wswp Few fine Fe and ~!n £. ()urtz £. thin 
patch clay cutan 

C 84-155 51"R 5/6 S'I"R 5/8 Ge m2 sbk dh.mfr,lo'Vs wvp Quartz grains of 2-20mm size. 

-------------------- -----------------------------
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to study and morphological characteristic were described in 

the following manner and presented in table I ('m' denotes 

moist condition). 

Pedon - I (Siding!) 

Setting - Village- Siding, Tahsil - Kandhamal, Dist- Kandhamal 

Site characteristics 

Location 

Land form 

Surface condition 

Parent material 

Ground Water table 

Natural Vegetation 

Erosion 

Surface drainage 

Land use 

Genetic 
horizon 

· · 

· · 

(Photo Plate - 1) 

250 m right of the Bisipada -

Khajuripada road 

Slopy, slope 5-8% (E-W) 

Bushy forest 

Laterite 

10.5 m in summer 

Pokasunga, Small bushes. 

e2 

Well drained 

Fallow 

Description 

A2 

Depth 
(cm) 

----------------------------------------------------------------0-14 Reddish brown (5YR 5/4), dark brown 
(7.5YR 4/4 m); sandy; single 
grained; loose, friable, nonsticky, 
non-plastic; many, very fine roots 
inside peds, rapid permeability; 
medium acid; clear smooth boundary; 



PHOTOPLATE -1 Soils of foot hill (~) 



B2l 14-40 

B22t 40-72 

B23t 72-150 
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Yellowish red (5YR 5/6)i red (2.5YR 
4/4 m); sandy loami single grained; 
lose, very friable, slightly sticky; 
fine fibrous medium roots; medium 
acid; rapid permeability; clear 
smooth boundry; 

Yellowish red (5YR 5/8) ; dark 

yellowish brown (2.5YR 4/6m)i loam; 
weak fine subangular blocky; 
slightly hard, friable, sticky; thin 
patchy clay cutans; Fe, Mn 
concretions, common fine imped 
roots; moderate permeabili tYi medium 
acid; diffuse smooth boundary; 

Yellowish red (5YR 4/6) ; dark 
yellowish brown (lOR 4/4m); clay 
loami moderate, medium, sub-angular 
blocky i hard, very firm, very 
sticky, plastic; Fe, Mn concretions 
aboundant; thick patchy clay cutans; 
very few, thick palm roots; medium 
acid; moderate permeability. 

Pendon - II 

Setting: Village - Sidingi, 
Si~e characteristic 
LOl:ation 

Thahsil-Kandhamal, Dist-Kandhamal 
(Photo plate - 2) 
200m right of Bisipada-

Land form 
Surface condition 
Parent material 
Ground water table 
Natural vegetation 

Erosin 
Surface drainage 
Land use 

· · · · 

Khajuripada road 
Slopy, slope 3-5% (E-W) 
Cultivated fallow 
Laterite 
8.5m in summer. 
Shorea robusta, 
indica, Madlluka 
Tamarindus indica , 

Mangifera 
Latifolia, 

etc. 
e2 
Well drained 

Upland crop i.e. Niger, 
gram. 

Horse 



PHOTOPLATE -2 Soils of upper ridges (P~ 



Genetic 
horizon 

AP 

B2lt 

B22t 

B23 

Depth 
(em) 

0-11 

11-52 

52-88 

88-115 
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D€:icr iption 

Reddish yellow (5YR 6/8), Yellowish 
red (5YR 4/8m); sandy clay loam; 
weak, fine, single, grain to massive; 
slightly hard, friable, slighty 
sticky, slightly plastic; many, 
fibrous, very fine roots, rapid 
permeability; medium acid; common 
fine continuous vertical imped 
pores; clear smooth boundary; 

Yellowish red (5YR 5/8), yellowish 
red (5YR 4/8m); clay; weak, fine, 
5ubangular blocky; slightly hard, 
friable, very sticky, plastic; 
moderate permeability: medium acid: 
thin ~dtchy clay cutans; common very 
fine roots impeds; common fine 
continuous vertical imped pores; 
diffuse smooth boundary; 

Yellowish red (5YR 5/8); yellowish 
red (5YR 5/6m)i clay; weak, fine, 
subangular blockY, slightly hard 
friable, very stic~y, plastic; fine 
inc ipient Fe-Mn concretion; common 
fine, vertical imped pores; few 
medium roots; thin, patchy clay 
cutans; slow permeability; medium 
acid; diffuse smooth boundary; 

Yellowish red{5YR 5/8); yellowish 
red(5YR 5/6m); clay; 
moderate,medium,subangular blocky; 
slightly hard, friable, very sticky, 
plastic; semi rounded 2-5mm Fe-Mn 
concretions 5-10%; slightly acid; 
diffub( smooth boundary. 



c 115-150 
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Yellowish red(5YR 5/8); yellowish 
red(5YR 5/6m); gravelly clay; 
moderate, medium, subangular blocky; 
slightly hard, friable very sticky, 
plastic; semirounded 5-10mm, Fe-Mn 
concretion 10-25%; Slightly acid. 

Pedon - III 

Setting - Village- Siding, Tahsil - Kandhamal, Dist- Kandhamal 
Site characteristics (Photo Plate - 3) 
Location 100m left of the Bisipada 

Land form 

Surface condition 
Parent material 
Ground Water table 
Natural Vegetation 

Erosion 
Surface drainage 
Land use 

Genetic 
horizon 

AP 

B21t 

Depth 
(cm) 

0-14 

14-42 

· · 

· · 

Khajuripada road 
Almost levelled, 
( SE-NW) 
grasses and bushes 
Laterite 
7.00m in summer 
Mal1gifera indica, 
indica 
el 
Well drained 
Fallow 

Description 

slope-1-3% 

Tamarindus 

Light reddish brown (5YR 6/4); 
strong brown (7.5YR 5/6m); loam; 
mOderate, medium, 5ubangular blocky; 
Slightly hard, firm, slightly 
sticky; many fibrous fine roots; 
moderate permeability; medium acid; 
clear smooth boundary; 

Reddish brown (5YR 5/4); dark 
yellowish brown (lOYR 4/6m); clay 
loam: moderate, medium, subangular 
blocky; slightly hard firm, sticky & 
Plastic; thin patchy, clay cutans: 
fe\.J fine roots; low permeability; 
medium acid; clear smooth boundary; 



PHOTOPLATE -3 Soils of mid-upland (PaJ 



B22t 42-90 

B23t 90-172 
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Yellowish red (5YR 5/6), red (2.5YR 
4/6m); clay; strong, medium, 
subangular blocky; hard very firm, 
very sticky, very plastic; few 
medium (1-2mm and 5 to 10%) Fe-Mn 
concretions; common fine and few 
medium roots; thin patchy clay 
cutan; slow permeability; medium 
acid; clear smooth boundary; 

Yellowish red (5YR 5/6); red (2.5YR 
4/6m); clay; strong,coarse, 
subangular blocky; very hard, very 
firm, very sticky and very plastic; 
many medium (5-l0% & 2-5mm) Fe-Mn 
concret ions; common, fine and few 
medium roots; thick patchy clay 
cutan; slow permeability; medium 
acid. 

Pedon - IV 

Setting - village- Siding, Tahsil - Kandhamal, Dist- Kandhamal 
Site characteristics : (Photo Plate - 4) 

Location 

Land form 
Surface condition 
Parent material 
Ground water table 
Natural Vegetation 

Erosion 
Surface drainage 
Land use 

Genetic 
hoc i .7.0n 

Depth 
((,In) 

About 200m left of the Bisipada 
- Khajuripada road 
Slopy, slope 3-5% (S-N) 
Unbunded land-cuI tivated fallow 
Laterite 
6.50m in summer 
Mal1gi fera indi ca, NadlJuka 
latifolia, caryota urens 

e2 
Well drained 
Niger, sweet potato, termeric 
are grown nearby. 

DescL·lption 



PHO'I'OPLA'I'E -4 Soils of mid-medium land (P4l 



AP 0-14 

B21 14-27 

B22t 
27-60 

B23t 
60-150 
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Light reddish brown (5YR 6/4); 
reddish brown (5YR 5/4m); loam; 
moderate, medium, subangular blocky; 
slightly hard, friable, sticky and 
slightly plastic; many, fibrous, 
fine roots; common, fine, tubu lar 
imped pores; moderate permeability; 
medium acid; clear smooth boundary; 

Reddish yellow (5YR 6/6); light 
reddish brown (5YR 6/4m); sandy 
loam; moderate, medium, subangular 
blocky; slightly hard, friable, 
slightly sticky, s lightly plastic; 
many, medium roots between peds; 
common fine tubular imped pores, 
moderate permeability; medium acid; 
clear smooth boundary; 

Reddish brown (5YR 5/4); reddish 
brown (5YR 4/4 m); clay loam; 
moderate, medium, subangular blocky; 
slightly hard, friable, sticky and 
plastic; many medium roots; thin 
patchy clay cutans; 5-20 % coarse 
fractions ( < 5mm); few, fine 
vertical imped pores; slow 
permeability; medium acid; clear 
smooth boundary; 

Light reddish brown (5YR 6/4); 
reddish brown (5YR 5/4m); clay; 
strong coarse I subangular blocky; 
hard, very firm, very sticky and 
very plastic; few fine roots; thin 
patchy clay cutansi 5-20% coarse 
fractions ( < 5mm) , very slow 
permeability; medium acid. 
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Pedon - V (Nedisahi) 

. village- Nedisahi, SettIng - . . Tahsil Kandhamal, Dist Kandhamal 
(Photo Plate - S) Site characteristIcs . 

Location 

Land form 
Surface condition 
Parent material 

Ground Water table 
Natural Vegetation 

Erosion 
Surface drainage 
Land use 

Genetic 
horizon 

AP 

B21 

Depth 
(cm) 

0-14 

14-32 

300m left of the Bis ipada 
Khajuripada road 
Terraced. Slope 3-S% (S-N) 
Bounded agricultural land 
Laterite and rounded sandstone 
boulders below aOcm depth. 
Sm in summer 
Madhuka latifolia, Mangifera 
indica 

e1 
Well drained 
Early Paddy. 

Description 

Light reddish 
Reddish brown 

brown (SYR 
(5YR 5/4m); 

6/4) ; 
sandy 

loam; moderate, medium, 
blocky; slight ly hard, 
slightly sticky. and 

subangular 
friable, 
slightly 

plastic; many, fine, imped roots; 
muny, macro pores; moderate 
permeability; slightly acid, diffuse 
smooth boundary; 

Light reddish brown (SYR 6/4); 
reddish brown (SYR 5/4m); sandy 
loam; moderate, medium, subangular 
blocky; slightly hard, friable 
slightly sticky, s lightly plastic, 
5-10 cm rounded stones, many, 
medium, roots; many macro pores; 

moderate permeability; slightly 
acid; diffuse smooth boundary; 



PHOTOPLATE -5 Soils of medium valley land (P5>' 



B22w 

c 

IV.2. 

32-84 

84-155 
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Reddish yellow (5YR 6/6); yellowish 
red (5YR 5/6m)i clay loam; moderate, 
course, subangular blocky; hard, 
friable, sticky and plastic; medium 
Fe-Mn concretio~s; 10-20 cm rounded 
boulders; common, fine, roots; 
slightly acid; clear smooth 
boundary; 

Yellowish red (5YR 5/6); yellowish 
red (5YR 5/8m); clay; moderate, 
medium, subangular blocky; hard, 
friable, very sticky, very plastic; 
morrum layer with many coarse 
fragments and boulders; common, fine 
roots; slow permeability; slightly 
acid. 

Physical Characteristics : 

Data on physical properties and mechanical 

composition of profile and composite surface soil samples are 

presented in table 2 and 3 ~nd clay distribution along with 

the depth of profiles are displayed in Fig. 4. In profile 1 

the content of sand is the lLi.jhest on the surfdce (88.6-1%) 

which gradually decreased downwards. The content of silt and 

clay were comparativelY much less on the surface, which almost 

gradually increased downwards reaching a value of 12.0% and 

31.36% respectively. The textural class ranged from sand in 

the A2 horizon to cl~yloam in B23t horizon. Although there 

was decrease of bulk density values from sur[l\.c(~ dO\.]l1\.]al'ch; 

witlt concurrent increase in the porespace volumes, the values 

of p~rticle density remained almost constant. The available 
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Pedons 

PI 

P2 

P3 

P4 

Ps 

Horizons 

A2 

B21 

B22t 

B23t 

Ap 

B21t 

B22t 

B23 

C 

Ap 

B21t 

B22t 

B23t 

Ap 

B21 

B22t 

B23t 

Ap 

B21 

B22.., 

c 

Depth(Cm. ) 

0-14 

14-40 

40-72 

72-150 

0-11 

11-52 

52-88 

88-115 

115-150 

0-14 

14-42 

42-90 

90-172 

0-14 

14-27 

27-60 

60-150 

0-14 

14-32 

32-84 

84-155 

HECHA .. '\ICAL CO!-IPOSITIO~ Textural Class Bulk 
Sande:) Silt(:) Clay(:) density 

88.64 

80.64 

62.64 

56.64 

(72.14) 

72.64 

54.64 

52.64 

54.64 

54.64 

(57.84) 

72.64 

54.64 

48.64 

38.64 

(53.64) 

66.64 

78.64 

64.64 

32.64 

4.0 

B.O 

14.0 

12.0 

(9.5) 

6.0 

10.0 

11.0 

8.0 

10.0 

(9.0) 

12.0 

16.0 

7.36 

11.36 

23.36 

31.36 

(18.36) 

21.36 

35.36 

36.36 

37.36 

35.36 

(33.16) 

15.36 

29.36 

45.36 

45.36 

(33.86) 

15.36 

17.36 

27.36 

47.36 

(26.86) 

Sand 

Sandy loam 

(Mgt: -3) 

1.46 

1.37 

Loam 1.33 

Clay loam 1.25 

Sandy Clay loam 

Clay 

Clay 

Clay 

Gravelly Clay 

Loam 

Clay loam 

Clay 

Clay 

Loam 

Sandy loam 

Clay loam 

0.35) 

1.44 

1.37 

1.33 

1.30 

1.34 

0.36) 

1.42 

1.38 

1.30 

1.30 

(1.35) 

1.43 

1.45 

1.29 

Clay 1.27 

0.36) 

13.36 Sandy loam 

15.36 Gravelly Sandy loam 

1.43 

1. 41 

.---------------~----~-=~-------------
Particle 
density 

(M~-3) 

2.58 

2.55 

2.54 

2.53 

(2.55) 

2.61 

2.60 

2.55 

2.57 

2.65 

(2.60) 

2.60 

2.56 

2.60 

2.53 

(2.57) 

2.63 

2.63 

2.60 

2.65 

(2.63) 

2.57 

2.60 

Pore space ~ater holding S3nd 
(:) Capacity(:) Silt 

43.4 

46.3 

47.6 

50.6 

(46.9) 

44.8 

47.3 

47.8 

49.4 

49.4 

(47.7) 

45.4 

53.9 

50.0 

48.6 

(49.5) 

45.6 

44.9 

50.4 

52.0 

(48.2) 

44.3 

45.8 

48.8 

45.4 

41.4 

42.1 

(44.4) 

48.0 

41.7 

46.7 

49.4 

43.8 

(45.9) 

42.8 

46.0 

48.2 

46.3 

(45.8) 

43.7 

40.7 

41.9 

47.5 

22.16 

10.08 

4.47 

4.72 

00.35) 

12.11 

5.46 

4.78 

6.83 

5.46 

(6.92) 

6.05 

3.41 

8.10 

2.42 

(4.99) 

3.70 

19.66 

0.08 

1.63 

(B.26) 

13.44 

20.16 

Silt 
Clay 

0.54 

0.70 

0.60 

0.38 

(0.55) 

0.28 

0.28 

0.30 

0.21 

0.28 

(0.27) 

0.78 

0.54 

0.13 

0.35 

(0.45) 

1.17 

0.23 

0.29 

0.42 

(60.64) 

80.64 

80.64 

54.64 

50.64 

6.0 

16.0 

(12.5) 

18.0 

4.0 

B.O 
20.0. 

(12.5) 

6.0 

4.0 

14.0 31.36 Gravelly Clay loam 

Gravelly Clay 

1. 34 2 . 61 47 . 8 

(43.4) 

45.9 

40.9 

48.9 3.90 

(0.52) 

0.45 

0.26 

0.45 

12.0 1.32 2.59 49.0 41.6 4.22 0.32 

______ ( ~~~4 ) (9.0) 

37.36 

(24.~~ _ . ______ ( 1. ~Z2 __ H.:.22L ___ i~2· 7) i_44_ • .J_) ___ ( lQ.:.~n ____ iQ~lL 
62.18* 10.5* 27.32* Sandy Clay loam* 1.36* 2.59* 47.8* 44.76* B.19* 0.43* 

----------------
Figures in parenthesis indicated mean values per profile. 

Figures having * indicating total means values of all the profiles. 
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Fig.4 % Clay vs depth of profile 
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water holding capacity varied from 41.4% to 48%. The 

sand/silt ratio decreased from surface (22.16) downwards and 

silt clay ratio also almost decreased downwards. The gradual 

accumulation of clay downwards and presence of thin patchy 

clay cutans below 40cm depth indicated the presence of an 

argillic horizon. Presence of heavy minerals was ruled out as 

the particle density ranged from 2.53 to 2.58 Mg m-3• 

Although the sand content was the highest in the 

surface layer of profile-2, it was almost constant in other 

layers. On the other hand the clay content was comparatively 

less on the surface and higher almost constant values were 

obtained in sub-surface horizons. The textural class was sandy 

clay loam on the surface and clay in other three horizons. The 

bulk density, values decreased from surface downwards 

indicating higher compactness in the lower layers. The 

particle density values remained almost constant. Gradual 

increase of clay content in the subsurface horizons and 

presence of clay cutans through morphlogical observations 

confirmed the presence of argillic horizon. Higher values of 

sand/silt ratio was observed on the surface which decreased 

downwards and silt/clay ratio was almost constant with a 

slightly lower value in B23 horizono 



Table : 3 Physical Properties and Mechanical Composition of Composite Surface Soil Samples. 
-----------------------------------------------------------------------------------------------------------
Sl.No. Depth (Cm.) MECHANICAL COMPOSITIO~ Textural Class Bulk Particle Pore Space Water 

Sand(%) Silt(%) Clay(%) density density (%) holding 
-3 -3 Capacity 

(Mg m ) (Mg m ) (%) 

1. 0-15 75.44 9.0 15.56 Sandy loam 1.41 2.60 45.8 32.3 
2. 0-15 77.44 8.0 14.56 Sandy loam 1.57 2.56 38.7 36.8 
3. 0-15 81.44 6.0 12.56 Sandy loam 1.65 2.62 37.0 36.0 
4. 0-15 83.44 6.0 10.56 Sandy loam 1.51 2.62 42.4 37.5 
5. 0-15 72.64 8.0 19.36 Sandy loam 1.48 2.54 41.8 35.6 

(78.08) (7.4) (14.52) Sandy loam (1.52) (2.59) (41.1) (35.6) 
6. 0-15 76.04 9.0 14.96 Sandy loam 1.43 2.56 44.1 30.1 
7. 0-15 81.44 6.0 12.56 Sandy loam 1.44 2.61 44.8 35.8 
8. 0-15 76.04 8.0 15.96 Sandy loam 1.45 2.62 44.7 38.4 
9. 0-15 63.04 9.0 27.96 Clay loam 1.38 2.64 47.7 36.1 
10. 0-15 61.04 12.0 26.96 Clay loam 1.33 2.53 47.4 32.1 

(71.52) (8.8) (19.68)· (Sandy loam) (1. 34) (2.59) (45.7) (34.5) 
11. 0-15 73.44 14.0 12.56 Sandy loam 1.45 2.57 43.6 39.5 
12. 0-15 78.04 10.0 11.96 Sandy loam 1.42 2.63 46.0 43.7 
13. 0-15 70.04 16.0 13.96 Loam 1.48 2.43 39.1 39.4 
14. 0-15 81.04 9.0 9.96 Sandy loam 1.46 2.58 43.4 40.4 

(75.64) (12.3) (12.11) (Loam) (1. 45) (2.55) (43.0) (4.07) 
15. 0-15 57.04 17.0 25.96 Clay loam 1.41 2.59 54.4 43.6 
16. 0-15 66.04 20.0 13.96 Loam 1.41 2.55 44.7 42.5 

17. 0-15 54.04 30.0 15.96 Silt loam 1.37 2.58 46.9 42.3 

18. 0-15 84.44 7.0 8.56 Loamy sand 1.38 2.65 47.9 41.3 
(65.39) (18.5) (16.11) Loam (1. 39) (2.59) (48.5) (42.4) 

19. 0-15 74.44 11.0 14.56 Sandy loam 1.53 2.54 39.8 38.8 

20. 0-15 74.04 10.0 15.96 Sandy loam 1.48 2.56 42.1 43.9 

(74.24) (10.5) (15.26) (Sandy loam) ( 1.50) (2.55) (40.9) (41.4) 
-----------------------------------------------------------------------------------------------------------

(72.95) (11.5) (15.54) (Loam) ( 1.44) (2.57) (43.8) (38.92) 

------------------------------------- -----------------------------------------------------------
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In profile-3, the ~and content w~s the highest on 

the surface (72.64%) which gradually decreased to almost half 

in B23t horizon. The silt content was erratic in different 

horizon. The clay content was the lowest on the surface 

(15.36%) which increased even 3 times reaching a value of 

45.36% below 42 cm depth. Gradual decrease of bulk density 

values from the surface downwards was noticeable indicating 

the compactness of sub-surface horizon. Almost gradual 

decrease in the sand/silt ratio and silt/clay ratio was 

observed from the surface downwards. 

The'sand content was the highest in B2l horizon of 

profile-4, and value gradually decreased downwards. The surface 

Boil showed slightly lower values. The clay content increased 

from surface downwards and there was presence of clay cutans 

indicating the presence of argillic horizon. The texture was 

loam on the surface to clay in Bl3t horizon with 47.36% clay. 

The value of particle density remained almost constant but the 

bulk density valuses gradually decreased and porespace value 

gradually increased with depth. No consistent values on 

silt/claY ratio or sand/silt ratio could be obtained. 

Much higher content of sand was obtained in the 

upper two horizons of profile-5, the values of which decreased 

downwards. Concurrently the clay content was almost constant 

in upper two horizons and much higher value was obtained in 
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the lower horizons. The porticle density values and per cent 

porespace were almost constant. Erratic trend was observed 

with sand/silt ratio and silt/clay ratio. 

Considering all the profiles from Sidingi it may be 

seen that there was gradual decrease of sand content from the 

surface downwards with concurrent increase of clay content. 

Oriented clay accumulation in sub-surface horizons and 

presence of clay cutans confirmed the presence of argillic 

horizon. Although clay content in the bottom horizons ranged 

from 41.36 to 41.36%, the permeability of soil was not 

hampered which might be due to kaolinite type of clay minerals 

and presence of coarse fragments. 

Al though increase of clay content below 32cm in 

Nedisahi series was seen, no clay cutans could be observed 

inferring there by, the absence of argillic horizon. But some 

textural changes and presence of Fe-Mn concretions in the Bzzw 

horizon indicated the presence of a cambic horizon. 

The soils of the entire area were very deep and the 

parent materials could be observed only in PJ and Ps (Table 1) . 

The soils were usually well drained, porous and having rapid 

permeability. Common to many, semi-rounded to rounded Fe-Mn 

concretions and quartz grains are observed in sub-surface 

horizons of all the profiles indicating the parent material to 
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be rich in Fe bearing minerals. The weathering environment 

being slightly acid the Fe moved from the Fe bearing minerals 

and entered into the colloidal hydrous oxides of Fe which 

might have later developed to concretionary stages under 

alternate wetting and drying processes. Presence of 

semirounded to rounded boulders of more than 10 cm size in 

profile-5 might be due to the transportaion of these boulders 

from the higher altitudes and their deposition in the valley 

medium land before the construction of Bisipada - Khajuripada 

road and the sub-canal. 

Considering the mechanical composition of the 

composite surface samples adjoining profile-I, it was seen 

that, the sand content was much higher with mean value of 

78.08% and the textural class was sandy loam. Comparatively 

higher clay content in the surface samples of profile-2 was 

obtained (mean value was 19.68%) indicating accumulation of 

clay in the lower topographic situation. Further removal of 

clay from Profile-2 situation to profile-3 situation by run­

off is not observed because of the Bisipada - Khajuri.pada 

road in between the two profile situation which might have 

restricted the clay transportation by run-off water. Similar 

frend was observed in physiographic position of profile-3 and 

4 which were in a slopy terrain and were subjected to 

transportation of clay by run-off water. The sub-branch canal 

of Pilasalki M.I.P. existed between profile-4 and profile-5 
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area which might have restricted the transportation of clay 

and the value of clay content in profile-5 area was less in 

comparision to profile-4 area. The mean values for bulk 

density varies from 1.34 to 1.52 Mg m-3 in different 

physiographic positions with a total mean of 1.44 Mg m-3. The 

particle density mean values in different physiographic 

positions did not vary much and the total mean remained at 

2.57 Mg m-1, but the mean value of percent pore-space adjoining 

profile-4 was much higher and profile-5 area was much lower 

with a total mean of 43.8%. Considering the surface taxture of 

the entire study area it was acertain to be loam with total 

mean values of 72.95% sand, 11.5% silt and 15.55% clay. 

IV.3. Chemical characteristics : 

The chemical properties of the soils of the study 

area; both profile samples and composite surface samples are 

presented in table: 4 and 5 respectively. 

The soil reaction of all the profiles was almost 

medium to slightly acidic (Table 4) As the soils were highly 

weathered, leached and devoid of basic cations, the trend in 

pH down the profile did not occur in profile-l and profile-5 

and pH in different horizons were almost similar varying from 

5.45 to 6.25. In profile 2,3 and 4 the pH slightly increased 

down the depth (F ig. 5) which might be at tr ibuted to the 

le~ching of basic cations from the surface downwards in the 
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Table : 4 Chemical Properties of Profile Soils. 
------------------------------------------=~-------~-----------~-----------3+ -----------+-------------
Pedons Depth(Cm.) pH(1:2)(w) E.C. dsm Organ1c Kc1 AC1d1ty Exch.Al Exch.H Free Fe203 

carbon(%) Cmo1(P+)Kg-1 Cmol(p+)Kg-1 Cmo1(P+)Kg-1 (%) 
-------------------------------------------------------------------------------------------------------
PI 

P2 

P3 

P4 

P5 

0-14 
14-40 
40-72 

72-150 

O-ll 
ll-52 
52-88 

88-ll5 
115-150 

0-14 
14-42 
42-90 

90-172 

0-14 
14-27 
27-60 

60-150 

0-14 
14-32 
32-84 

84-155 

6.10 
5.75 
5.65 
5.60 

(5.73) 
5.55 
5.80 
5.85 
6.10 
5.90 

(5.84) 
5.45 
5.65 
5.70 
5.70 

(5.63) 
5.45 
5.45 
5.50 
5.90 

(5.58) 
6.05 
6.25 
5.80 
6.00 

(6.03) 

0.12 
0.15 
0.13 
0.16 

(0.14) 
0.09 
0.15 
0.10 
0.06 
0.12 

(0.10) 
0.15 
0.18 
0.10 
0.18 

(0.15) 
0.09 
O.ll 
0.07 
0.06 

(0.05) 
0.06 
0.04 
0.09 
0.11 

(0.08) 

0.17 
0.17 
0.14 
0.14 

(0.16) 
0.20 
0.16 
0.15 
0.08 
0.10 

(0.14) 
0.39 
0.30 
0.24 
0.13 

(0.27) 
0.33 
0.28 
0.24 
0.23 

(0.27) 
0.40 
0.20 
0.14 
0.15 

(0.22) 

0.27 
0.27 
0.99 
0.45 

(0.50) 
0.81 
0.45 
0.09 
0.09 
0.27 

(0.34) 
0.99 
0.27 
0.09 
0.09 

(0.36) 
1.53 
1.53 
0.81 
0.27 

(1.04) 
0.09 
0.09 
0.27 
0.45 

(0.23) 

0.27 
0.27 
0.99 
0.45 

0.81 
0.45 
0.09 
0.09 
0.27 

0.99 
0.27 
0.09 
0.09 

1.53 
1.53 
0.81 
0.27 

0.09 
0.09 
0.27 
0.45 

0.40 
0.66 
1.35 
1.92 

(1.08) 
1.07 
2.02 
2.12 
2.12 
2.02 

(1.87) 
0.82 
1.34 
2.65 
2.76 

(1.90) 
0.82 
0.98 
1.63 
2.87 

(1.57) 
0.73 
0.81 
1.82 
2.12 

(1.37) 
----------------------------------------------------------------------------------------------------------

(5.76) (0.104) (0.21) (0.5) (1.51) 
-----------------------------------------------------------------------------------------------------------



-------------------------------------------:1-------------------------------------+---:1-------------------
Sl.No. Depth (Cm.) pH(l: 2) E.C. dsm Org.carbon(%) Cmol(P )!& 

1-
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

I!. 
12. 
13. 
14. 

15. 
16. 
17. 
lB. 

19. 
20. 

0-15 
0-15 
0-15 
0-15 
0-15 

0-15 
0-15 
0-15 
0-15 
0-15 

0-15 
0-15 
0-15 
0-15 

0-15 
0-15 
0-15 
0-15 

0-15 
0-15 

5.30 
5.70 
5.80 
5.70 
5.60 

(5.62) 
5.60 
5.45 
5.30 
5.70 
5.90 

(5.59) 
5.45 
5.55 
5.55 
5.65 

(5.55) 
6.35 
5.65 
5.70 
6.25 

(5.99) 
5.90 
5.65 

(5.7B) 

0.31 
0.06 
0.15 
0.18 
0.19 
(.18) 
0.24 
0.13 
0.76 
0.45 
0.18 

(0.35) 
0.25 
0.33 
0.24 
0.32 

(0.28) 
0.16 
0.24 
0.44 
0.44 

(0.32) 
O.IB 
0.23 

(0.20) 

0.49 
0.23 
0.76 
0.28 
0.32 

(0.42) 
0.30 
0.28 
0.17 
0.24 
0.22 

(0.24) 
0.36 
0.36 
0.29 
0.32 

(0.33) 
0.49 
0.54 
0.66 
0.42 

(0.53) 
0.26 
0.19 

(0.22) 

Kcl.Acidity Exch.A13+ 

1.15 
1.13 
0.63 
0.99 
0.27 

(0.83) 
0.81 
0.63 
0.27 
0.09 
0.09 

(0.38) 
0.63 
0.27 
0.27 
0.27 

(0.36) 
0.09 
0.45 
0.27 
0.09 

90.22) 
0.45 
O.Bl 

(0.63) 

0.02 

0.02 

+ Exch. H 

1.13 
1.13 
0.63 
0.99 
0.27 

(0.83) 
0.81 
0.63 
0.25 
0.09 
0.09 

(0.37) 
0.63 
0.27 
0.27 
0.27 

(0.36) 
0.09 
0.45 
0.27 
0.09 

(0.22) 
0.45 
0.81 

(0.63) 
-----------------------------------------------------------------------------------------------------------

(5.69) (0.27) (0.36) (0.45) (0.02) (0.44) 
----------------------------------------------------------------------------------------------------------
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well drained condition of the soils. Considering all the 

horizons of different profiles the mean soil pH was calculated 

to be 5.76 which was under medium acid condition. The 

electrical conducti vi ty values were very low ranging from 0.04 

to 0.18 dSm -1 indicating the soils to be almost free of soluble 

salts. The total mean of the E.C. value in all the profiles 

was -1 0.104 dSm . 

There was gradual decrease of organic carbon content 

from surface down the profile (Fig. 6) ranging from 0.4 to 

0.08% which indicated the low organic carbon content of the 

soils in all the horizons. This may be attributed to 

mineralisation of organic matter in the tropical and sub­

tropical belt for which the organic carbon content was low. 

The total acidity in different horizons of all the profiles 

varied from 1.53 to 0.09 crnol (pt) kg-1 with a mean value of 

0.5 throughout the profile. The total acidity tn soil was 

mostly due to exchangeable lit ions as the exchangeable A13+ 

ions content was nil and the pH values of all the horizons 

were above 5.3 (Das et al., 1992). The free iron oxide content 

values were Iowan the surface horizons and increased 

downwards in all the profiles with a range of 0.4 to 2.87% and 

with a mean value of 1.51% all throughout the profiles. The 

gradual increase of FeJ03 along with clay (Fig. 7) might be due 

to the translocation of free Felo3 through leaching in the mild 

acid condition and gradual accumulation in the lower horizons. 
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Table : 6 Cation Exchange Capacity and Composition of exchange complex of profile soils. 
-----------------------------------------------------------------------------------------------------------
Pedons. + -1 Total basic CEC% Depth(Cm.) CEC+ _1Exchangeable Cations(Cmol(P )Kg ) Base 

(Cmol(P)Kg Ca++ Mg++ Na+ K+ Cation~ -1 Saturation Clay 
(Cmol(P)Kg )(%) 

PI 0-14 1.68 0.76 0.32 0.026 0.086 1.192 70.42 23 
14-40 2.72 1.34 0.70 0.038 0.056 2.134 78.45 24 
40-72 4.80 2.43 1.20 0.030 0.056 3.716 77.41 21 

72-150 4.96 2.55 1.26 0.030 0.060 3.896 78.54 16 
(3.54) 0.77) (4.35) (0.031) (0.064) (2.73) (76.2) (21) 

P2 0-11 2.80 1.12 0.76 0.041 0.065 1.986 70.92 13 
11-52 5.36 2.28 1. 50 0.043 0.060 3.883 72.44 15 
52-88 5.84 2.54 1.81 0.035 0.056 4.441 76.04 16 

88-115 6.16 2.68 2.08 0.038 0.056 4.774 77.50 16 
115-150 6.00 2.52 1. 61 0.043 0.056 4.229 70.48 17 

(5.23) (2.23) (1. 55) (0.004) (0.058) (3.86) (73.48) (15.4) 
P3 0-14 2.64 1.04 0.52 0.025 0.056 1.641 62.15 17 

14-42 4.80 2.25 1.05 0.028 0.065 3.393 70.68 16 
42-90 6.80 3.55 1.35 0.038 0.065 4.963 72.98 15 

90-172 7.36 4.06 1. 41 0.035 0.056 5.561 75.55 16 
(5.4) (2.73) (1. 08) (0.032) (0.06) (3.89) (70.34) (16) 

P4 0-14 2.32 0.93 0.26 0.035 0.60 1.285 55.38 15 
14-27 3.36 1.04 0.70 0.023 0.060 1.823 54.25 19 
27-60 4.72 1.60 1.20 0.025 0.060 2.885 61.12 17 

60-150 6.88 3.00 2.02 0.017 0.056 5.093 74.02 15 
(4.32) (1. 64) (1. 05) (0.025) (0.059) (2.77) (61.19) (16.5) 

P5 0-14 2.24 1.03 0.34 0.012 0.060 1.442 64.37 17 
14-32 2.40 1.15 0.38 0.023 0.056 1.609 67.04 16 
32-84 3.20 1.32 0.61 0.033 0.060 2.023 63.21 10 

84-155 5.12 2.78 0.87 0.038 0.065 3.753 73.30 14 
(3.24) 0.57) (0.55) (0.026) (0.06) (2.20) (66.98) (14.25) 

-----------------------------------------------------------------------------------------------------------
(4.39) (2.0) (1. 05) (0.031) (0.06) (3.13) (69.82) 06.57) 

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



Table : 7 Cation Exchange -Capacity & Composition of the Exchange Complex-of Surface-S6i 

-----------------------------------------------------------------------------------------------------------
51. Depth(Cm. ) + -1 Total basic Base CEC '" CEC + -1 Exchangeable Cations(Cmol(P ~ ) 
No. Catio¥s -1 Saturation Clay 

10 
(Cmol(P)Kg Ca++ Mg-H- Na+ K+ 

(Cmol(P )Kg (%) 
-----------------------------------------------------------------------------------------------------------
1. 0-15 2.72 0.96 0.45 0.056 0.065 1.531 56.28 17 
2. 0-15 2.48 0.71 0.46 0.060 0.080 1.310 52.82 17 
3. 0-15 2.56 1.04 0.75 0.054 0.068 1. 912 74.68 20 
4. 0-15 2.48 0.93 0.40 0.050 0.075 1.455 58.70 23 
5. 0-15 2.56 0.96 0.42 0.060 0.085 1.525 59.57 13 

(2.56) (0.92) (0.5) (0.056) (0.067) (1.546) (60 .ld) (8) 
6. 0-15 3.20 1.32 0.72 0.065 0.083 2.U8 68.37 21 
7. 0-15 2.88 0.92 0.78 0.060 0.083 1.843 64.00 23 
8. 0-15 2.56 0.86 0.79 0.060 0.080 1.790 69.90 16 
9. 0-15 2.56 0.92 0.81 0.065 0.075 1.870 73.00 09 
10. 0-15 2.72 1.02 0.88 0.043 0.056 1.999 73.49 10 

(2.78) (1. 0) (0.80) (0.058) (0.075) (1.924) (69.75) 05.8) 
11. 0-15 2.48 0.88 0.68 0.035 0.050 1.615 65.10 19 
12. 0-15 2.56 0.86 0.82 0.038 0.056 1. 774 69.29 21 
13. 0-15 2.56 0.84 0.86 0.025 0.056 1. 781 69.57 18 
14. 0-15 2.40 0.82 0.72 0.023 0.060 1.623 67.62 24 

(2.5) (0.85) (0.77) . (0.030) (0.055) 0.698) (67.9) (20.5) 
15. 0-15 2.24 0.94 0.51 0.035 0.060 1.545 68.97 09 
16. 0-15 2.48 0.94 0.48 0.033 0.065 1.518 61.20 17 
17. 0-15 2.40 0.92 0.40 0.038 0.056 1.414 58.90 15 
18. 0-15 2.48 1.04 0.54 0.035 0.065 1. 678 67.66 29 

(2.4) (0.96) (0.48) (0.035) (0.061) (1. 538) (64.18) 07.5) 
19. 0-15 2.48 0.92 0.52 0.012 0.060 1. 512 60.96 17 
20. 0-15 2.40 0.93 0.55 0.023 0.065 1.568 65.33 15 

(2.44) (0.925) (0.53) (0.017) (0.062) (1. 54) (63.14) (6) 
-----------------------------------------------------------------------------------------------------------

(2.56) (0.94) (0.63) (0.044) (0.065) (1.669) (65.27) 07.65) 
-----------------------------------------------------------------------------------------------------------
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Chemical properties of the composite surface soil 

samples are presented in table 5. In most of the composite 

samples, the soil reaction varied from slight acidic to medium 

acidic. The pH values ranging from 5.3 to 6.25. The total mean 

surface pH value was 5.69. Electrical conductivity values were 

low and ragnges between 0.6 to 0.76 with a total mean of 0.27 

dsm-1. The organic carbon content of the 20 surface samples 

were less than 0.75 per cent, which ranged from 0.17 to 0.76% 

with a total mean value of 0.36% Total acidity of the surface 

samples varied from 0.9 to 1.15 cmol (p+) kg-l. Here also the 

total acidity was mostly due to exch. Ht excepting sample-l 

and 8 in which the exch. Al3t contributed only 0.02 cmol(p+) 

kg-} • 

Cation Exchange Capcity and compositon of the 

exchange complex in different horizons of the profiles are 

presented in table: 6. The CEC values varied from 1.68 to 

7.36 cmol (p+) kg-i. The values \.Jere comparatively less on the 

\ surface horizons and increased gradually with depth and having 

a linear correlation with clay content (Fig. 8). As the 

organic carbon content was not appreciable in these soils, the 

CEC values could be attributed to the nature and the quantity 

'of clay minerals. The CEC/clay value for all the profiles was 

almost similar and varying from 10 to 24 per cent indicating 

the nature of clay minerals to be mixture of kaolinite with 

traces of illite (Sahu et ai. 1983). The total mean CEC of all 
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the profiles was 4.39 cmol (P~) kg-I, where as the the total 

mean value of the CEC/clay was of 16.57%. The percentage base 

saturation values, in general, increased from the surface 

downwards indicating removal of bases from the surface and 

gradual accumulation in the sub-surface horizons. Calcium 

dominated the exchange complex followed by MgH, K+, and Na+ 

with a total mean value of 2.0, 1.6, 0.06 and 0.03 c mol (P+) 

kg- l respectively. The increase in individual exchangeable 

cation down the depth almost coincided with the CEC values and 

base saturation value. 

CEC values of surface samples were very low with a 

total mean of only 2.56 cmol (P+) kg- l CaB dominated the 

exchange complex followed by MgH K+ & Na+ as in case of 

profile samples. CEC/clay ratio varied from 9 to 24 per cent 

indicating the dominance of kaolinite with traces of illite 

(Table 7). 

IV.4. Correlation among soil properties : 

From the analytical data of soil profiles taken 

together, three correlations among the soil proporties have 

been statistically worked out and the results are discussed as 

follows: 
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.4.1. CEC vs per cent clay : 

The relationship between percentage of clay and CEC 

crnol (P+) K9-1 soil have been presented in Fig. 8. It was 

.erved that these properties were positively correlated 

ring 'r' value + 0.945**, significant at 1% level (Kasawal 

ale 1983). The regression equation fitted was; 

Y=-O.915 + 6.497x 
-1 

Y=CEC in crnol (P+) kg soil 

X= Percentage of clay in soil. 

This direct relationship was explained by the fact that 

~ clays, being negativelY charged, are the seats of exchange 

~nornena taking place in soil. Thus the amount of cations 

.orbed depends on quantity of clays present. 

4.2. Per cent base saturation Vs pH. 

A significant positive correlation as shown in Fig. 9 

I was found to exist between percentage base saturation and 

The 'r' value was worked out to be + 0.366 which was 

rnificant at 1% level. The regression equation fitted as : 

y = 4.94 + O.012X 

re, Y = Per cent base saturation. 

x = pH. 

The explanation to such relationship is that the pH 

governed by electrostatically bound H+ and Al+++ of the 
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exchange complex which is in equilibrium with soil solution. 

Wi th increase in pH there is decrease in H+ and Al+++ in the 

exchange complex with consequent increase in the basic cations 

such as Ca +t , Mg++ , K+ & Na + which resulted in higher base 

saturation. 

IV.4.3 Fep) percentage Vs clay percentage : 

A positive significant correlation as shown in Fig.? 

was found to exist between percentage free Fe20) and percentage 

h i r I value was worked out to +0.991"'''' which was 
clay. T e 

sign ificant at 1% level. The regression equation worked 
highly 

out to be as follows 

y = 0.11 + 0.6X 

y = Free Fe20] percentage 
where, 

x = Percentage clay content. 

which indicated that the silicate clays and hydrous 

clayS are intimately associated with such soils. 
oxide 

IV.5. 
Lime requirements : 

It has been stated that soil pH may indicate the 

need for lime, but the value alone gives no indication 

t 've to amount of lime required unless other soil factors 
rela 1 

are known. The lime requirement of soil is considred to be 

that amount of lime or equivalent amount of other 

liming material) required to raise the soil pH to some 

pre-determined value. It is believed that the major components 



Table : 8 Lime requirement of Profile Soil Samples. 

Pedon Depth (C~1.) pll(l:2) pll(l:2) Lime requirement 
Soil : Water Soil: Buffor (Tons of cac03/acre) 

P 
. i 1 

0-14 6.10 6.7 1.6 

14-40 5.75 6.6 2.2 

40-72 5.65 6.6 2.2 

72-150 5.60 6.6 2.2 

(2.05) 

P2 0-11 5.55 6.5 2.8 

11-52 5.80 6.6 2.2 

52-88 5.85 6.7 1.6 

88-115 6.10 6.7 1.6 

115-150 5.90 6.7 1.6 

(1. 96) 

P3 0-14 5.45 6.4 2.3 

14-42 5.65 6.4 2.3 

42-90 5.70 6.5 2.8 

90-172 5.70 6.6 2.2 

(2.4) 

P4 0-14 5.45 6.4 3.4 

14-27 5.45 6.5 2.8 

27-60 5.50 6.5 2.8 

60-150 5.90 6.6 2.2 

(2.8) 

P5 0-14 6.05 6.7 1.6 
14-32 6.25 6.7 1.6 
32-84 5.80 6.6 2.2 

84-155 6.00 6.7 1.6 

(1.75) 

---------------------------------------------------------------------------
(2.19) 

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



Table : 9 Lime requirement of Composite Surface Soil Samples. 

---------------------------------------------------------------------------
Sl.No. Depth(Cm.) 

1. 0-15 

2. 0-15 

3. 0-15 

4. 0-15 

5. 0-15 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15 

16 

17. 

la, 

19. 

20. 

. 
. 

0-15 

0-15 

0-15 

0-15 

0-15 

0-15 

0-15 

0-15 

0-15 

0-15 

0-15 

0-15 

pH(I:2) pH(I:2) 
Soil : Water Soil: Buffer 

5.30 6.2 

5.70 6.5 

5.80 6.5 

5.70 6.5 

5.60 6.3 

5.60 

5.45 

5.30 

5.70 

5.90 

5.45 

5.55 

5.55 

5.65 

6.35 

5.65 

5.70 

6.25 

5.90 

5.65 

6.3 

6.3 

6.3 

6.4 

6.4 

6.4 

6.5 

6.4 

6.6 

6.7 

6.3 

6.3 

6.5 

6.6 

Lime requirement 
(Ton of Cac03/acre) 

4.5 

2.8 

2.8 

2.8 

4.0 

(3.38) 

4.0 

4.0 

4.0 

3.4 

3.4 

(3.76) 

3.4 

2.8 

3.4 

2.2 

(2.95) 

1.6 

4.0 

4.0 

2.8 

(3.1) 

2.2 

2.2 

(2.2) 

~~ _------------(3:08)---------
~~~~ ------- ------- -------------

---------------------------- ------------------
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of acidity in soil that must be nutralised by liming are 

exchangeable Al+++ and H+ and possibly MnH. Extensively used 

woodruff's PNP buffer method involes measuring the change in 

pH which occurs when a given quantity of a calibrated buffer 

solution was allowed to react with a given quantity of soil. 

f rorl1 'the ciAange in pH value one can measure directly the 

quantity of lime required to neutralise the pH value. 

Considering table 8 it may be seen that the lime 

requirement in different horizons of the profifles ranged from 

1.6 to 3.4 with a total mean value of 2.19 tonnes of CaC~ per 

acre at a 
des ired pH of 6.5. Much variation in different 

horizons of 
f 'l could be observed. The lime 

the pro 1. es 

5 5 comparatively low. This might be 
requirement in profil e - wa 

h igher pH values in different horizon of 
due to comparativelY 

the profile. 

table 9, it was observed that the 
considering the 

lime requirement of composite 

sampl es presented in 
surface th the profile samples. The 

tiveIY higher an 
value was compara 'th a total mean value of 3.08 

value ranged from 1. 
6 to 4.5 W1. 

Per acre. 
tonnes of caCO) 

'cot status: 
IV. 6. Available nutr1 is competeIY devoid of available 

soil 
RarelY a ,Ie nutrient present in a soil 

avallab 
'tY of 

nutrient. The quantI 



Table :10 Available nutrient Status of the Profile Soil Samples(Kg ha-1) 

---------------------------------------------------------------------------
Pedon Depth(Cm.) 

0-14 

14-40 

40-72 

72-150 

O-ll 

11-52 

52-88 

88-115 

115-150 

0-14 

14-42 

42-90 

90-172 

0-14 

14-27 

27-60 

60-150 

0-14 

14-32 

32-84 

Available Olsen's 
'N' Available 

60 

58 

55 

55 

(44.5) 

88 

62 

60 

35 

23 

(37.6) 

188 

175 

88 

53 

(126) 

165 

95 

88 

85 

(108. 25 ) 

222 

95 

'p a ' 
2 5 

1.25 

3.16 

2.51 

5.91 

(3.2) 

4.46 

2.51 

3.16 

2.51 

3.16 

(3.16) 

5.13 

1.25 

L87 

L87 

(2.53) 

5.13 

7.86 

7.86 

16.08 

(9.23) 

23.73 

13.73 

60 
7.86 

5.13 
72 

Bray's 
Available 
'p a ' 

2 5 

28.72 

34.32 

23.19 

30.58 

(29.3) 

26.87 

19.54 

23.19 

25.02 

25.94 

(24.1) 

18.63 

24.10 

26.87 

34.32 

(26.98) 

26.87 

34.32 

22.27 

17.72 

(25.29) 

25.02 

29.65 

27.79 

25.02 

(26.8]) 

Available 
'K 0' 

2 

120 

180 

190 

210 

(175) 

230 

240 

200 

220 

230 

(224) 

160 

190 

200 

220 

(192.5) 

170 

150 

180 

150 

(162.5) 

110 

140 

210 

230 

(172.5) 
84-155 (10.09) 

- ~~~~~~~~---------6-4-)~-------(;~~~~):------(~~;~;);----
---- ----- ~ (5. ___ ------------------------------------ 72)'" ------

(85. _---------
__ _--------- the average value. 

-------------------- indicate 
arenthesiS 1 mean average value. 

Figures in the P howS the tota 
'" mark S 

Figures indicated 
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mayor may not be adequate to meet the crop requirement. Soil 

test resul ts for available nutrient only indicate the relative 

quanti ties present. To know whether the quantity is sUfficient 

or not, one has to depend upon the information obtained from 

the soil test crop responce correlation studies and the soil 

fertili ty trials. Fertilizer reccomendation is a complex 

process. This should be taken into account the crop 

requi rement and probable yie ld response to added nutrient 

which is controlled by a variety of soil, climate and human 

factors. To reduce the cost-benefit ratio and to recommend 

proper dose of balance fertilization, available nutrient 

status of soils are essentially required. 

The available nutrient satus of the profile samples 

surface soil samples are presented in table 10 
and composite 

considering table No.IO it may be seen and 11, respectively. 

'lable N content of profile samples are very low 
that, the aval 

urfa ce horizon samples; the value is less 
excepting three s ~ 

, ons In general, the gradual decrease 
than 100 in all the horl Z . 

N from the s 
of available 

urface downwords (Fig. 10) might be 

and decomposition of organic matter 
due to accumulation 

on the surface. The total mean value of 
(Sharma et al. 1994) 1 

is 85.72 kg ha-. Available 
all the horizons 

available N in medium and value ranges from 
I ) content are 

(BraY 5 of 26.49 kg ha- l . No definite 
a total mean 

tent could be observed (Fig. 
Pa0 5 con 

trend in the available 

Phosphorous 

17.72 to 34.32 with 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Table : 11 Available nutrient Status of the Composite Surface So11 Samples 
-----------------------------------------------:1--------------------------
Sl. Depth(Cm. )< Kg ha > 
No. Available- Olsen's Bray's Available, 

N p 205 p 205 K20 
---------------------------------------------------------------------------

1. 0-15 

2. 0-15 

3. 0-15 

4. 0-15 

5. 0-15 

6. 0-15 

7. 0-15 

8. 0-15 

9. 0-15 

10. 0-15 

11. 0-15 

12. 0-15 

13. 0-15 

14. 0-15 

15. 0-15 

16. 0-15 

17. 0-15 

18. 0-15 

19. 0-15 

20. 0-15 

251 

88 

279 

135 

201 

(190.8) 

173 

142 

57 

126 

73 

(114.2) 

220 

245 

157 

157 

(194.75) 

251 

267 

273 

236 

(256.75) 

110 

53 

(81.5) 

8.57 

9.28 

3.81 

4.46 

10.73 

(7.37) 

4.46 

9.28 

7.86 

6.49 

10.00 

(7.61) 

37.91 

21.07 

19.37 

13.73 

(23.02) 

12.96 

20.22 

17.70 

9.28 

(15.04) 

0.62 

6.49 

(3.55) 

6.12 

5.24 

10.55 

15.02 

2.61 

(7.9) 

9.66 

4.36 

17.72 

8.77 

22.27 

(12.55) 

26.87 

16.82 

13.22 

14.12 

(17.75) 

8.77 

8.77 

22.27 

23.19 

(15.75) 

33.38 

24.10 

(28.74) 

230 

150 

150 

160 

150 

(148) 

220 

170 

370 

360 

210 

(266) 

200 

260 

130 

150 

(185) 

130 

150 

170 

370 

(205) 

110 

180 

(145) 

_____________ -----------)------(~~~;;)---------(~~~4~)--------(~~~)---------
(167.~_-----------------------------------------------___ _ 

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



Table: 12 Nutrient index and rating of Soils of Nedisahi Nalla (ORM-3-8-5-1) mini-watershed. 

District : Kandhamal. 

51. Particulars of the samples. No. of Nutrient index Rating of nutrient index 
No. Sample N P205 K20 N P 205 KZO 

1. Composite surface samples 20 1.35 1.5 2.1 deficient average average 

2. Profile Soil samples; 

a) Profile - 1 4 1.00 2.00 2.00 deficient average average 

b) Profile - 2 5 1.00 2.00 2.00 deficient average average 

c) Profile - 3 4 1.00 2.00 2.00 deficient average average 

d) Profile - 4 4 1.00 2.00 2.00 deficient average average 

e) Profile - 5 4 1.00 2.00 1. 75 deficient average average 

Average of all the profiles 21 1.00 2.00 1.95 deficient average average 
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11). Available K20 content was also medium, the value ranging 

from 110 to 230 with a total mean of 185.3 kg ha-1. In general, 

there was a gradual increase of available K20 content from 

surface downwards (Fig. 12). 

Considering the available nutrient status of 

composite surface samples presented in table 11 it may be seen 

that the available nitrogen eN) content was low to medium. The 

value ranging from 53 to 273 with a total mean of 167.6 kg/ha. 

Available phosphorous (Bray's) was low to medium excepting 

three samples which were very low. Physiographically there was 

gradual increase of available P20 5 content from higher 

elevation to the lower topographic situations. Available K20 

content was also medium. The value ranged from 110 to 260 with 

a total mean average value of 190 kg/ha. Considering the 

nutrient index and rating of soil presented in table 12 it 

might be seen that all the soils were deficient in N, average 

in P205 and K20. 

IV.7. Genesis of soils: 

Soil genesis proceeds with the breakdown and 

alternation of primary minerals constituting the rock. The 

sand faraction contains mainly the accessory minerals derived 

from the parent rocks on account of weathering. In Subsequent 

stages of Soil development, the weatherable minerals of this 

fraction undergo physical comminution and chemical 
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decomposition and supply the reactant component for the 

weathering reaction leading to the genesis of secondary 

minerals including the clay minerals in the soil. 

High temperature accompanied by alternate wet and 

dry season in the humid tropical and sub-tropical climate is 

congenial for the formation of laterite and lateritic soils. 

The above climutic condition alongwith the physiography and 

the parent material appeared to have been favourable for the 

formation of Alfisols in Sidingi area. The soils were exposed 

in Althgarh Sand stone of the Upper Gandwana period and the 

parent material constituted coarse sand stones, conglomerates 

and laterites. The presence of a very high content of light 

minerals (guartz and feldspars) in the fine sand fractions 

might be attributed to the moderate weathering condition of 

the soils (Sahu et al. 1983). Much higher proportions of 

potash bearing minerals (orthoclase feldspar) explain the 

preva lunce 0 f madera to w(!a tilel' i ng eoudi t ions and is condus i ve 

for the development of illites due to decompOSition and 

partial hydrolysis of feldspars. The occurance of kaolinite 

and free oxides in these soils were expected as the soils were 

highly weathered and leached and parent material was borne of 

khondalitic rocks. Under good drainage conditions and high 

rainfall, a high degree of weathering takes place dnd the soil 

colloids consist mostly of kaolinite (Vander Merwe and Heystek 

1952) as was found in the area. But the climatic environments 
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will not necessarily reflect the genesis of laterite soils 

lying at lower altitude (Gowalkar 1972) and under a poor 

drainage condition Inceptisols may be formed with different 

mineralogy as was observed in profile-5 (Nedisahi series). 

The area is under hot and humid climate with average 

annual rainfall of l280.l6mm, maximum average annual 

temperature of 37°C (May) and minimum average annual 

temperature of lO.4°C (December) . The soils studied in this 

area were in, a sloping terrain, so the factors of soil 

formation i.e. climate, parent material, topography and 

drainage condition were responsible for development of these 

soi Is. Because of hot and humid climate there was intense 

weathering and the weatherable materials leach down. Alternate 

wet and dry condition alongwith rise and fall of water table 

persisted in the area, which resulted in the rise and fall of 

free Fe20), Alp) and release of basic cations and finner 

materials. This has resulted in the gradual increase of FeaO] 

down the profile. Soils of the upper ridge (Profile-l to 4) 

are moderately well drained resulting in accumulation of 

eluvial layer lattice clay in the sub-surface horizons and 

formation of an argillic horizon. Accordingly soils of these 

four profiles are classified under Alfisols. Moderately well 

drained condition prevailed in profile-5 with high water 

stable resulting in formation of Fe, Mn concretions and 

development of a cambic horizon and hence these soils were 

placed under the order Inceptisols. 
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IV.8. Soil classification (soil Taxonomy) : 

An attempt has been made in the present 

investigation to classify the soils as per the Soil Taxonomy 

(1978) and Keys to Soil Taxonomy (1987) and are presented in 

Table 13. 

PEDON :1 

These are the mineral soils placed under order 

Alfisols because they have : 

i) an argillic horizon 

ii) a hue in the argillic horizon of 5 YR and a value, 

moist of 4 

iii) percentage base saturation is more than 35% in the 

argillic horizon 

iv) an epipedon that is massive and hard when dry 

v) an Ustic moisture regime 

vi) no cracks are seen on the surface and the soil 

below 18 cm has less than 30% clay. 

These soils are placed under sub-order Ustalfs and 

great group Haplustalfs because they 

i) have an ustie moisture regime 

ii) have an epipedon that is both mass i ve, hard and 

very hard when dry, and 

iii) do not qualify to be placed Ullder th o er great 

groups. 
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These soils are placed under Arenic Kanhaplic 

Haplustalfs sub-groups because they satisfy all the 

requirements of Typic Haptustalfs expecting the following : 

i) do not have texture finner than loamy fine sand 

within 50 cm of soil surface 

ii) have CEC of less than 24 c mol (P+) Kifl clay (by 1M 

NH PAc pH 7. 0) • 

In the family level they are placed under fine 

loamy, mixed, hyperthermic (Weighted average clay per cent is 

23.94 in the control section). 

PEDONS : 2, 3 & 4 

These soils are placed under the order Alfisols 

because they have : 

i) 

ii) 

an argillic horizon, 

a hue in the argillic horizon of 5 YR and a value, 

dry of 5, 

iii) base saturation by sum of cations is more than 35% 

upto a depth of 73 cm of the argillic horizon, 

iV) have an epipedon that is massive and hard when dry, 

v) an ustic soil moisture regime, and 

vi) no cracks are seen on the surface. 

These soils are placed under the sub-order Ustalf 

and great group Kanhaplustalts as they : 
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i) have an ustic moisture regime, 

ii) have an epipedon that is both massive and hard and 

very hard when dry, and 

iii) have a CEC less than 16 cmol (P+) Kg-1 clay (by 1M 

NH40Ac pH 7) and ECEC less than 12 c mol (P+) Kg- 1 

clay in major part of the argillic horizon. 

These soils are placed under Aridic kanhaplustalfs 

sub-group as they satisfy all the requirements of Typic 

sub-group excepting that, the soils are not moist in some or 

all parts of moisture control section for 180 or more days. 

In the family level, Pedon 2 and j are, fine, mixed, 

t hermic with the weighted average clay per cent of 36 14 hyper • 

d 41 73 respectively. Pedon:4 is having, fine loamy mixed an . , , 

r thermic family because of the weighted average clay per hype 

cent of 21.9. 

PEDON : 5 

The soils of Pedon : 5 have been placed under, order 

Inceptisols, and sub-order Ochrepts because they ; 

i) do ~ot have spodic, argillic, natric, oxic, gypsic, 

petrogypsic or salic horizon in the pedon, 

ii) do not have plinthite, that forms a continuous 

phase within 30 cm of soil surface, 



Table : 13 Classification of Soils according to Soil Taxonomy. 

----------------------------------------------------------------------------------------------------------
Pedon Name of the 
NoD Soil Series 

Order Sub-order Great group Sub-group Family 

-----------------------------------------------------------------------------------------------------------
1 Sidingi - 1 Alfisols Ustalfs Haplustalfs Arenic KanhaElic Fine loamy, mixed, 

HaElustalfs hyperthermic. 

2 Sidingi-2 Alfisols Ustalfs KanhaElustalfs Aridic Fine, mixed, 
KanhaElustalfs hyperthermic. 

3 Sidingi-3 Alfisols Ustalfs KanhaElustalfs Aridic Fine, mixed, 
KanhaElustalfs hyperthermic. 

4 Sidingi-4 Alfisols Ustalfs KanhaElustalfs Aridic Fine loamy, mixed, 
KanhaElustalfs hyperthermic. 

5 Nedisahi Inceptisols OchreEts UstochreEts Aridic Fine loamy, mixed, 
Ustochrepts hyperthermic. 
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iii) have an ochric epipedon with a cambic horizon with 

regadrds to texture, colour, structure and· 

concretions, 

iv) have bulk density of more than 0.85 Mg ~3 in all 

horizons, and 

v) have a chroma too high for Aquepts. 

These soils are placed under Ustochrepts great group 

because they have an ustic moisture regime. 

In the sub-group level they satisfy all the 

requirements of Typic sub-group excepting that, the soils are 

not moist in some or all par·ts of the soil moisture control 

section for 90 consecutive days or more and for which they are 

placed under Aridic Ustochrepts sub-group. 

In the family level they are placed under, fine 

loamy, mixed, hyperthermic with the weighted average clay per 

cent of 31.1. For better clarity, soil classification as'per 

Soil Taxonomy have been presented in table 13. 

IV.9. Potassium release characteristics : 

Potassium exists in soil in various forms like; 

water soluble, exchangeable, non-exchangeable and in crystal 

lattice of rocks and minerals. As potassium in soil solution 

is exhausted by the crop the reaction proceeds from lattice K 
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through other steps to water soluble K to maintain the 

equilibrium. As per the reportes of different workers IN HN03 

extractable K which includes water soluble, exchangeable and 

non-exchangeable K showed a better correlation with crop 

yield, uptake and responce (Nath and Purkaystha, 1988). This 

emphasized the study of the K-release behaviour of soils by 

extraction with boiling IN HN03. Al though the roots of the 

field crops are usually confined to 0-20 cm of the soil 

surface, the roots of deep rooted crops penetrate deeper into 

soil in search of nutrients. This needs an investigation on 

various forms of K and K release behaviour of soil down the 

surface. The work on the content of various forms of K in 

different horizons and their release characteristics are very 

meagre. An attempt has been made to study the various forms of 

K and their relase behaviour within the profile and in the 

transact. 

IV.9.l. Basic physical and chemical characteristics of the 

soil : 

Some of the basic physical and chemical 

characteristics of different layers of the profiles selected 

for this investigation have been presented in Table 14. Sand 

content varied from 66.64 to 88.64% at the surface layers and 

decreased wi th depth in the profile. Concurrently the clay 

content varied from 7.36 to 21.36% on the surface increasing 

gradua lly wi th depth. S i 1 t content on the surf ace layers 



Table : 14 Physical and Chemical Properties of Soil Samples. 
--------------------------------------- -----------------------------------------------------
Profile Genetic Depth Mechanical ComEosition Soil pH E.C. Org. CEC K-Satura-

Layer (Cm. ) Sand(%) Silt(%) Clay(%) (l :2) -1 dsm Carbon(%) Cmol(p+)Kg-1 tion(%) 

--------------------------------------------------------------------------------------------------------------
I A2 0-14 88.64 4.0 7.36 6.10 0.12 0.17 1.68 6.10 

B21 14-40 80.64 8.0 11.36 5.75 0.15 0.17 2.72 6.65 
B22t 40-72 62.64 14.0 23.36 5.65 0.13 0.14 4.80 4.46 
B23t 72-150 56.64 12.0 31.36 5.60 0.16 0.14 4.96 5.01 

II Ap 0-11 72.64 6.0 21.36 5.55 0.09 0.20 2.80 8.84 
B21t 11-52 54.64 10.0 35.36 5.80 0.15 0.16 5.36 5.26 
B22t 52-88 52.64 11.0 36.36 5.85 0.10 0.15 5.84 4.11 
B23t 88-115 54.64 8.0 37.36 6.10 0.06 0.08 6.16 4.31 
C 115-150 54.64 10.0 35.36 5.90 0.12 0.10 6.00 4.57 

III Ap 0-14 72.64 12.0 15.36 5.48 0.15 0.39 2.64 6.07 
B21t 14-42 54.64 16.0 29.36 5.65 0.18 0.30 4.80 4.43 
B22t 42-90 48.64 6.0 45.36 5.70 0.10 0.24 6.80 3.34 
B23t 90-172 38.64 16.0 45.36 5.70 0.18 0.13 7.36 3.48 

IV Ap 0-14 66.64 18.0 15.36 5.45 0.90 0.33 2.32 7.92 
B21 14-27 78.64 4.0 17.36 5.45 0.11 0.28 3.36 4.73 
B22t 27-60 64.64 8.0 27.36 5.50 0.07 0.24 4.72 4.24 
B23t 60-150 32.64 20.0 47.36 5.90 0.06 0.23 6.88 2.52 

V Ap 0-14 80.64 6.0 13.36 6.05 0.06 0.40 2.24 4.52 
B21 14-32 80.64 4.0 15.36 6.25 0.04 0.20 2.40 6.30 
B22w 32-84 54.64 14.0 31.36 5.80 0.09 0.14 3.20 7.57 
C 84-155 50.64 12.0 37.36 6.00 0.11 0.15 5.12 5.26 

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



Table 15 Change on various fo~ms of K with depth on soil profiles. 

Profile 

I 

II 

III 

IV 

V 

Depth(Cm.) ~ater Exch.K Non-exch.K Lattice.K Total.K 
Soluble 

0-14 

14-40 

40-72 

72-150 

0-11 

11-52 

52-88 

88-115 

115-150 

0-14 

}4-42 

42-90 

90-172 

0-}4 

14-27 

27-60 

60-150 

0-14 

14-32 

32-84 

84-155 

K -1 
<: mg kg 

20 

19.5 

11.5 

8.0 

18.5 

10.0 

6.5 

6.5 

8.0 

17.5 

12.0 

11.5 

10.0 

13.5 

13.0 

12.0 

7.5 

15.5 

11.0 

10.5 

10.0 

40.0 

70.5 

83.5 

97.0 

96.5 

110.0 

93.5 

103.5 

107.0 

62.5 

83.0 

88.5 

100.0 

71.5 

62.0 

78.0 

67."5 

39.5 

59.0 

94.5 

105.0 

4()0 

510 

665 

695 

645 

820 

860 

850 

925 

600 

945 

1100 

1130 

675 

765 

830 

1045 

505 

570 

775 

885 

----------------> 
580 

1400 

1640 

2200 

1840 

1860 

2040 

1940 

1660 

1520 

1760 

1800 

2260 

1040 

1360 

1580 

2080 

B40 

860 

2020 

2100 

1100 

2000 

2400 

3000 

2600 

2800 

3000 

2900 

2700 

2200 

2800 

3000 

3500 

1800 

2200 

2500 

3200 

1400 

1500 

2900 

3100 

Water 
Soluble.K 

1.8 

1.0 

0.5 

0.3 

0.7 

0.4 

0.2 

0.2 

0.3 

0.8 

0.4 

0.4 

0.3 

0.7 

0.6 

0.5 

0.2 

1.2 

0.7 

0.4 

0.3 

Pe~ cent of total-K Ratio among different forms of K 
Exch.K Non-exch.K Lattice ~ater Exch. Non-exch 

3.6 

3.5 

3.5 

3.2 

3.7 

3.9 

3.1 

3.6 

4.0 

2.B 

3.0 

2.9 

2.9 

4.0 

2.8 

3.1 

2.1 

2.B 

3.9 

3.2 

3.4 

41.8 

25.5 

27.7 

23.2 

24.8 

32.9 

28.7 

29.3 

34.4 

27.3 

33.7 

36.7 

32.2 

37.5 

34.8 

33.2 

32.7 

36.0 

38.0 

26.7 

28.5 

K Soluble 
Exch. ":':N-o-n--e-x-c"':"h-. 

52.8 

27.0 

68.3 

73.3 

70.8 

62.8 

68.0 

66.9 

61.4 

69.1 

62.9 

60.0 

64.6 

57.8 

61.8 

63.2 

65.0 

60.0 

57.4 

69.7 

67.8 

0.50 

0.28 

0.14 

0.08 

0.19 

0.09 

0.07 

0.06 

0.07 

0.28 

0.14 

0.13 

0.10 

0.19 

0.21 

0.15 

0.11 

0.39 

0.19 

0.11 

0.01 

0.09 

0.14 

0.13 

0.14 

0.15 

0.12 

0.11 

0.12 

0.12 

0.10 

0.09 

0.08 

0.09 

0.11 

0.08 

0.09 

0.06 

0.08 

0.10 

0.12 

0.12 

Lattice 

0.79 

0.36 

0.40 

0.32 

0.35 

0.52 

0.42 

0.44 

0.55 

0.39 

0.53 

0.61 

0.50 

0.65 

0.50 

0.52 

0.50 

0.60 

0.66 

0.38 

0.42 

Lattice 

Total 

0.52 

0.70 

0.68 

0.73 

0.70 

0.63 

0.68 

0.67 

0.61 

0.69 

0.63 

0.60 

0.65 

0.58 

0.62 

0.63 

0.65 

0.60 

0.57 

0.70 

0.68 
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Fiu.\3 Change in various forms of K 
with soU depth.{Profi\e-2). 
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Fig. 13 Change in various forms of K 
with soil depth.(Profile-3). 
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Fig.l3 Change in various forms of K 
with soil depth.(Profile-4} 
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Fig.13 Change in various forms of K 
with soil deptn.(Profiie-6} 
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varied from 4.0 to 18.0% changing inconsistently with soil 

depth. Soil pH varied from 5.45 to 6.25 at different layers of 

the profiles. Organic carbon content on the surfac~ layers 

varied from 0.17 to 0.40%, declining gradually with depth. CEC 

of the surface soils varied between 1.68 to 2.8 c mol (pt) Kg- l 

wi th a gradual increase with the depth in the profile. 

K-saturation per cent varied from 2.52 to 8.84% at different 

horizons of the profiles. 

IV.9.2. Forms of K : 

The change in various forms of K i.e. water soluble, 

exchangeable, non-exchangeable, lattice and total K in the 

profile have been presented in table 15. 

IV.9.2.l. Water soluble K: 

This is the fraction of K present in the soil 

solution and is immediately available to the crop. Water 

soluble-K in the surface layers varied from 13.5 mg/kg in 

profile 4 to 20 mg/kg in profile 1 with a gradual decrease 

with soil depth. It varied from a minimum value of 6.5 mg/kg 

in the 3rd and 4th layer of profile 2 to the maximum value of 

20 mg/kg in the 1st layer of profile 1 and constituted 0.2 to 

1.8% of the total K in di(ferent layers. Water soluble K 

decreased with concurrent increase in c lay content in the 

profile and a significant negative correlation was obtained 

(r= -0.78**) (Table 20 and Fig. 13). The slope value of -0.266 
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of the corresponding regression equation indicated that with 

one unit increase in clay content there was decrease of 0.266 

unit of water soluble K. Water soluble K was positively 

correlated with sand (r = 0.76**). Water soluble K decreased 

along with the increase in clay content in the profile. This 

might be due to an increase in specific adsoption sites with 

increase in clay content and retaining a greater part of 

potassium with high adsorption energy.Accordingly a 

significant positive correlation between water soluble K and 

K saturation in soil (r= 0.57**) existed. 

IV.9.2.2. Exchangeable-K : 

This part of potassium is held electrostatically on 

the surface of the exchange complex and is available to crop 

after exhaustion of the water soluble K. Exchangeable K in 

surface layers varied from 39.5mg/kg (P-5) to 96.5 mg/kg (P-2) 

and showed overall increase in different horizons down the 

profile. It varied from a minimum value of 39.5 mg/kg in the 

surface layers of p-l to the maximum value of 110 mg/kg in the 

second layer of p-2 constituing 2.1 to 4.0 % of the total K. 

Exchangeable K showed a significant positive 

correlation with clay (r=0.7l**) indicating a general 

increase in exchangeable K with increase in clay content (Fig. 

14). The slope value of 1.23 of the corresponding regression 

equation indicated that for one unit increase in clay, th~fe 
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was 1.23 units increase in exchangable K. Exchangeable K was 

negatively correlated with sand (r = -0.67**) and showed u 

nonsignificant correlation with silt. The increase in 

exchangeable K in the profiles might be due to its greater 

retention at the lower layers because of higher clay contents. 

IV.9.2.3. Non-exchangeable K : 

This form of K mainly exists in the hexagonal oxygen 

cavities between two crystal units of the 2:1 type of silicate 

clay minerals. Non-exchangeable K is changed to exchangeable 

form with exhaustion of exchangeable K and gradually becomes 

available to the plants. The values of non exchangeable K in 

the surface layer varied from 460 mg/kg in the P-l to 675 

mg/kg in P-4 and gragually increased with depth attaining the 

highest value of 1130 mg/kg in the last layer of P-3. It 

contributed 23.2 to 41.8 % of the total K in different 

horizons. Considering different horizons in the profiles it 

may be seen that non-exchangeable K increased along with the 

increase in clay contant and a highly significant positive 

correlation (r=O.92**) was obtained (Fig. 14) . This 

observation indicated that, non-exch-K is mainly associated 

with the clay fraction of soil. The slope value of 14.8 of the 

corresponding regression equation indicated that with one unit 

increase in clay there was 14.8 unit increase in non-

exchangeable K. Non-exchangeable K was also significantly 

correlated with silt fraction of soil with a decreased 
'r' 
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value of 0.44* indicating that, silt is the next contributor 

to non-exchangeable K in soil. A negative correlation \.Jas 

obtained between non-exchangeable K and sand (r = 0.90**). 

IV.9.2.4. Lattice K: 

This fraction of K is associated in the crystal 

lattice of various K bearing minerals and is released to the 

soil solution by weathering. The release of K from this source 

depends upon the particle size of the mineral, bonding energy 

of K in the crystal lattice, the intensity of weathering etc. 

Since equilibrium exists between non-exch. and lattice-K the 

depletion of non-exch.K permits more of the K to be released 

from the lattice to non-exch. source. Lattice-K in surface 

layers varied from 580 mg/kg in profile-I, to 1840 mg/kg in 

profile-5 and gradually increased with depth attaining the 

maximum value of 2260 mg/kg at the last layer of profile-3. It 

constituted 52.8% to 73.0% of the total-KG Lattice-K increased 

with increase in clay content in soil and a highly significant 

Positive 'r' value of 0.83** was obtained (Fig. 14). This 

value was reduced to 0.50** when correlated with silt. It was 

negatively correlated with sand (r = -0.84**). These 

observations showed that most of the K bearing minerals have 

been weathered to clay sized fraction and some of the 

resistant minerals are left in silt fraction. The slope value 

of 32.73 of the regression equation between lattice-k and clay 

indicated that for one unit increase in clay there was 32.73 

unit increase in lattice-K in soil. 



Table : 16 K-relc,s2 pattern in soil as extracted by boiling in HNU3 

------------~~- ... '---.--------------------------------------------------------------------------------------
Profile Depth (C~".l K-released (mg.kg- 1) at diffe~t extractions 

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 
________________ .... _4 ____________________________________ -------------------------------------------------

II 0-11 645 240 180 136 80 40 28 8 4 4 

(885) (065) (1201) (1281) (1321) (1349) (1357) (1361) (1365) 

11-52 820 400 220 180 112 112 92 24 24 24 

(1220) (1440) (1620) (1732) (1844) (1936) (1960) (1984) (2008) 

52-88 860 480 260 204 164 84 72 40 32 32 

(1340) (600) (1804) (1968) (2052) (2124) (2164) (2196) (2228) 

88-115 850 520 300 228 164 156 104 64 40 40 

(370) (1670) (1889) (2062) (2218) (2322) (2386) (2426) (2466) 

115-150 925 520 320 232 168 108 84 68 40 40 

III 
(445) (765) (997) (2165) (2273) (2357) (2425) (2465) (2505) 

0-14 600 320 160 92 64 36 24 20 16 16 

(920) (080) (172) (236) (1272) (1296) (1316) (1332) (1348) 

14-42 945 400 220 148 124 92 76 32 24 24 

(1345) (565) (713) (837) (1929) (2005) (2037) (2061) (2085) 

42-90 1100 560 260 228 180 144 128 64 56 56 

(1660) (920) (2148) (2328) (2472) (2600) (2664) (2720) (2776) 

90-172 1130 640 280 228 212 120 92 60 60 60 

IV 
(1770) (2050) (2278) (2490) (2610) (2702) (2762) (2822) (2822) 

0-14 675 280 200 109 96 24 20 12 8 8 

(955) ( 1155) (1264) (1360) (1384) (1404) (1416) (1424) (1432) 

14-27 765 280 180 116 108 56 48 28 24 24 

(045) (1225) (1341) (1449) (1505) (553) (1581) (1605) (629) 

27-60 830 520 240 156 144 60 56 36 32 32 

( 1350) (1590) (1746) (1890) (1950) (2006) (2042) (2074) (2106) 

60-150 1045 560 280 192 180 140 112 72 64 64 

(605) (1885) (2077) (2257) (2397) (2502) (2581) (2645) (2709) 

V 0-14 505 280 80 60 56 40 24 24 20 20 

(785) (865) (925) (981) (1021) (045) (069) (1089) (1109) 

14-32 570 400 100 80 60 44 40 32 32 32 

(970) (1070) ( 1150) (1210) (1254) (294) (326) (1358) (1390) 

32-84 775 520 140 104 72 56 60 20 20 20 

(1295) (1435) (1539) (1611 ) ( 1667) (1727) (1747) (1767) (1787) 

84-155 885 640 160 144 100 84 76 32 32 32 

(1525) (1685) (1829) (1929) (2013) (2089) (2121) (2153) (2185) 

------------------------------------------------------------------------------------------------------------------
* Figures in parenthesis i:-~': ---- ~L_ ------1 -~ .. --- TT __ ~1 ~.., .. ar1 ::Ifter the end of the extraction. 



105 

IV.9.2.S. Total - K : 

It includes all the forms of K as discussed above. 

Total-K content in the surface layers varied from 1100 mg/kg 

in profile-l to 2200 mg/kg in profile-2 and increased with 

soil depth attaining the maximum value of 3500 mg/kg at the 

last layer of profile-3. Total-k in soil increased with 

increase in clay content and a highly significant positive trt 

value of 0.91** was obtained (Fig. 14). This value was reduced 

to 0.51** when it was correlated with silt. Total-K was 

negatively correlated with sand (r = o • 91 * *). Th e s e 

observations showed that, total-K in soil is mainly 

contributed by clay fractions and to a less extent by silt. 

The slope value of the regression equation establishing 

relationship between total-K and clay indicated that for 1 

unit increase in clay content there was 48.46 unit increase in 

total-K in soil. 

IV.9.J. Change in the per cent of various forms of K in the 

soil profiles : 

IV.9.3.l. Water soluble-K % : 

Wa ter soluble-K% was maximum in the f sur ace layers 

of different profiles (Table 16) and gradually decreased with 

increase in soil depth. This is due to the decrease in water 

soluble-K and s imul taneous increase in total K with soil 
depth. Water soluble K per cent was Positively 

correlated 
with sand (r = 0.83**), negatively correlated 

\lIith silt 
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(r = -0.49*) and clay (r = -0.82**). Positive correlation with 

sand may be the indirect effect of the negative relationship 

between sand & clay. Water soluble K% was positively 

correlated with water soluble K (r=0.85**). This is due to 

negative relation bewteen watersoluble K and total K. It was 

negatively correlated with non-exch. K (r=-0.77**), lattice K 

. (r = -0.84**) and total K(r = -0.88**}. Water soluble K % was 

negatively correlated with lattice K% (r = -0.50**) thus 

indicating that with increase in the fractions of lattice K to 

total K, there was decrease in the fraction of water soluble 

to total K. 

9 3 2 Exchangeable K % : IV. • . . 

Exch. K% in surface layers varied from 2.8% in 

profile- 5 to 4.0% in profile-4 with an inconsistent change 

with soil depth. Exch. K% varied from 3.2 to 3.6% in different 

layers of profile-l , 3.1 to 4.0% in profile-2, 2.8 to 3.0% in 

3 2.1 to 4.0% in profile-4 and 2.8 to 3.9% l'n profile- , 

profile-5. These observations showed that there was little 

variation in the exch. K% in soil profiles. 

IV.9.3.3. Non-exchangeable K% 

Non-exchangeable K% in surface layers varied from 

24.8 mg/kg in profile-2 to 41.8 mg/kg in protile-l and changed 

irregularly with soil depth. Non-exchangeable K% shm.Jed a 

significant negative relationship with lattice K (r=-0.67**) 
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thus showing that with increase in lattice K, the fraction of 

non-exchangeable K to total K, decreased. This might be due to 

the fact that with increase in lattic-K, the fraction of 

lattice-K to total-K increased (r=O. 73* *) and consequently the 

fraction of exch. K to total K decreased. Non-exchangeable K% 

also showed a negative relationship with total K (r=-0.51*). 

It was negatively correlated with lattice K% with a highly 

significant 'r' value of -0.99** (Fig. 15). The slope value 

of the corresponding regression equation indicated that with 

one unit increase in the percent of lattic K, there was 0.95 

unit decrease in the percent of non-exchangeable K. Non­

exchangeable K% was significantly correlated with non­

exchangeable/lattic K with a positive 'r' value of 0.98**. 

IV.9.3.4. Lattice K% 

Lattice K% in different layers varied from 52.8 to 

70.8% and no specific trcmd of change could be obtained. 

Lattice K% possessed a highly significant positive correlation 

with lattice K (r=O.73**) indicating an increase in the 

fraction of lattice K to total K with increase in lattice K. 

Lattice K increased alongwith increase in total K in soil. But 

the proportion at which lattice K increased was greater than 

the proportion of increase of total K in most of the cases. 

This might be the possible reason of the positive relationship 

between lattice K% and lattice K in soil. 



NONE>O-l.K ~ 

Fig. is Relationship of nonexch.K,. 
with lattice K,. 

60~----------------~~----------~ 

40 ................................................................................................................................................ . 

30 .......... : ............................................................................................................................. ; ..... .. 

20 ................................................................................................................................................ . 

10 ................................................................................................................................................. .. 

OL-------~------~------~------~ 

o 20 40 

LATTICE K % 
eo 80 



IV.9.4 

108 

Variation in the ratio of different forms of K in 

the soil profile: 

IV.9.4.1. Watersoluble/Exchangeable K : 

This ratio indicates the fraction of exch. K that 

comes to the soil solution. This ratio was highest at the 

surface layers and gradually decreased with soil depth in all 

the profiles. The decrease in the ratio of water soluble K to 

exch. K in sub-surface layers might be due to greater specific 

adsorption of K with clay content and simultaneous low release 

of water soluble K. This ratio was positively correlated with 

water soluble K% (r=0.97**) indicating that, with increase in 

the fraction of water soluble to total K there was an increase 

in the fraction of water soluble K to exchangeable K. Water 

soluble to exch. K ratio was positively correlated with sand 

(r=0.79**), negatively correlated with silt (r = -0.44*) and 

clay (r = -0.80**). Water soluble/exch. K \.Jas negatively 

corre 1 a ted with non -exch. K (r = -0.87**), lattice-K (r = 

-0.83**) and total K (r = -0.85**). This may be the effect of 

the negative co-rrelation of water soluble K with non-exch. K, 

to tal K and possitive correlation of exchangeable 
lattice K, 

K with all those forms of K. 

IV.9.4.2 Exch. K/ Non-exch. K: 

This ratio signifies the fraction of non-exchangeable 

K corning to the exchangeable form. Smaller is the ratio 

greater is the capacity of the soil to reserve K and the soil 
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o ep etlon. This ratio varied from 0.08 is more resistant t K d 1 ' 

to 0.15 with very little change in different layers. It was 

correlated negatively with non-exchangeable K% (r = -0.70**) 

and positively with lattice K (r=0.61**). 

IV.9.4.3. Non-exch.K/ Lattice K : 

This ratio indicated the fraction of lattice-K 

coming to non-exchangeable form. It varied from 0.32 to 0.79 

with an inconsistent change in different layers in the 

profiles. It showed a highly significant negative correlation 

with lattice K (r = -0.71**) indicating that with increase in 

was decrease in the fraction of non-
lattice K there 
exchangeable K to lattice K. This ratio was negatively 

correlated with lattice K% with a highly significant 'r' value 

of -0.99**, indicating that with increase in lattice K% there 

, _ xch K/ lattice K in all the cases. Thl'S 
was decrease In non e . 

due to slow release of K from lattice to the 
might be 

The slope value of -0.023 f h 
non_exchangeable sources. ate 

sion equation indicated that, with on 
correspond;ng regres e 

unit increase in 
l attice K% there was -0.023 unit decrease in 

exch. K to lattice K. 
the ratio of non 

IV.9.4.4. Lattic K/ Total-K : 
the fraction of total K present in 

I, ndl' cates 
This 'ous K bearing minerals in sOl'l 

of var 1 . 

the crystal lattice 0. 52 to 0.73 in different layers with 

This ratio varied from 
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an irregular change with 
depth. 

Lattice I</total I< was 
POsitively correlated with l.attice I< (r = 

0.73**) . 

IV.9.S. 
Inter-relationships among various forms of K: 

Various forms ·of I< were· significantly 

wi th each other (Table 20). Water soluble-I< was 
correlated 

negatively 
correlated with exch.1< (r=-0.60**), non-exch. I< ( 

r=-0.68**) , 
lattice K (r = -0.62**) and total I< (r=-0.68**) Exc11 I< 

• • • \va s 
Positively correlated with non-exch. I< (r=0.60**), lattice I< 

(r=O.82**) and total K (r = 0.82**). Non-exch. I< was 

positively correlated with lattice K (r=0.72*~) and total I< 

(r=O.84**). Lattice-k was positively correlated with total k 

with a highly sjgnificant 'r' value of 0.98** in addition to 

its relationship with other forms of k. 
Significant 

correlations among various forms of I< indicated that they are 

in dynamic equilibrium with each other. The slope values of 

the regression equations of water soluble, exchangeable, non­

exchangeable and lattice K with total K indicated that with 

one unit increase in total 1<, there was an increase of 0.72 

units in lattice 1<, 0.25 unit in non-exchangeable K, 0.03 unit 

in exchanbeale I< and a decrease of 0.004 unit in water soluble 

K (Fig. 16). 

IV.1 O. K Releasing phenomenon : 

K release characteristics from the non-exchangeable 

sources were studied for profile 2,3,4 and 5 by repeated 
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extractions with boi 1 ing IN lINO). Release behaviour of 
potassium l'n d'ff t 1 1 eren ayers of the profiles and the 

relationship of the K-release paramenters with some basic soil 

properties and forms of K were investigated. 

IV.IO.I. Release pattern within the profile: 

K-release pattern in different layers of the 

profiles has been presented in table 16 and Fig. 17. The 

maximum amount of K was released in the first extraction and 

decreased gradually with successive extractions to attain a 

constant value after 7th/8th extractions. Cumulative K 

released at the end of each ex~raction incre~sed with depth in 

all the profiles (Fig. 18). The total amount of K released 

to 2622 mg kg- l at different layers. The 
var fed from 1348 

I e of K might be due to removal from less 
initial higher re eas 

resistant minerals 
and the lower release towards the end 

. 1 from resistant minerals. 67.7 to 80.7% 
might be due to rernova 

t d was released in the initial three 
of the total K extrac e 

extractions, 
to 20.4% was released in the next three 

12.9 

and 3.3 to 
11.5% was released in the last four 

extractions 
It was observed that 26.0 to 39.9% of 

extractions (Table 17). 

the non-exch. 

extraction which 

tenth extraction 

and lattice K 

g raduallY 
was 

bl e 18 and 
(Ta 

was released at the first 

reduced to 0.2 to 1.8% in the 

Fig. 19). 



Table: 17 Per cent of the (non-exchangeable + lattice)-K released at different extractions. 

--------------------------------------------------------------------------------------------------------
Profile Depth (em.) 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th Total 
-------------------------------------------------------------------------------------------------------------
II 0-11 26.0 9.6 7.2 5.5 3.2 1.6 1.1 0.3 0.2 0.2 54.9 

11-52 34.3 14.9 8.3 6.7 4.2 4.2 3.4 0.9 0.9 0.9 78.7 

52-88 29.6 16.5 9.0 7.0 5.6 2.9 2.6 1.4 1.1 1.1 76.8 

88-115 30.5 18.6 10.7 8.2 5.8 5.6 3.7 2.3 1.4 1.4 88.4 

115-150 35.8 20.1 12.4 9.0 6.5 4.3 3.2 2.6 1.5 1.5 96.9 

III 0-14 28.3 15.1 7.5 4.3 3.0 1.7 1.1 0.9 0.8 0.8 63.6 

14-72 34.9 14.8 8.1 5.5 4.6 3.4 2.8 1.2 0.9 0.9 77.1 

42-90 37.9 19.3 9.0 7.9 6.2 5.0 4.4 2.2 1.9 1.9 95.7 

90-172 33.3 18.8 8.3 6.7 6.3 3.5 2.7 1.8 1.8 1.8 85.0 

IV 0-14 39.4 16.3 11.6 6.3 5.6 1.4 1.3 0.7 0.4 0.4 83.4 

14-27 36.0 13.2 8.5 5.5 5.1 2.6 2.3 1.3 1.1 1.1 76.7 

27-60 34.4 21.6 10.0 6.05 6.0 2.5 2.3 1.5 1.3 1.3 87.4 

60-150 33.4 18.0 9.0 6.1 5.8 4.5 3.6 2.3 2.0 2.0 86.7 

V 0-14 37.5 20.8 5.9 4.5 4.2 3.0 1.8 1.8 1.5 1.5 82.5 

14-32 39.9 28.0 7.0 5.6 4.2 3.1 2.8 2.2 2.2 2.2 97.2 

32-84 27.7 18.6 5.0 3.7 2.6 2.1 2.1 0.7 0.7 0.7 63.9 

84-155 29.6 21.4 5.4 4.8 3.6 2.8 2.6 1.0 1.0 1.0 73.2 

------------------------------------------------------------------------------------------------------------------
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The per cente of non-exch. + lett ice K released at 

each extraction was observed to change irregularly with soil 

depth. This might be due to the variation in the proportions 

of weatherable to resistant minerals at different layers. The 

total per cent of non~exch + lattice K released after all the 

ten extractions varied from 54.9 at the first and layer of 

profile 2 to 97.2 at the second layer of profile 5. Lower per 

cent of K removal in the former indicated that, this soil can 

maintain K supply for a longer period and will take long time 

to get exhausted and vice versa in the latter case. 

The total extractable K increased al~ng with clay 

highlY significant positive correlation 

content and a 

(r=O.95**) 
waS obta ined (f ig. 

20). This indicated that I K 

f the soil increased along with the 

capac i ty 0 
supplying 

increase in claY conten 
t down the depth. The slope value of 

regression equation indicated that 

45.3 of the corresponding clay content there was 45.3 unit 

f or one un it increase in 
t b]e K It was negatively correlated 

ext rae a - • ". 
increase in total and did not show any s igni f icant 

with sand (r~-O.89*~) 
Th iS observation also indicated that 

"ttl silt. 
relationshiP W1 "I are mainlY associated with the 

m1"nera15 in 501 

the K bearing 'rota 1 extractable K 

clay fraction 
in soil. 

correlated with 

\.Ja te1' soluble K (r~-O.74**) 
(r~0.5R*) I non-exch. 

\,las negatively 

and positively 

K (1'=0.96**) , 

corr(~ 1 at nd wit.h nx ch - K 
total- K (r=O.84**) . The highly 

and 
J( 
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different extractions. 

~-------------------------------------------------------------------------
Profile Depth (Cm.) Ist+2nd+3rd 4th+5th+6th 

extractions extractions 
7th+Bth+9th+10th 
extractions 

--------------------------------------------------------------------------
I 0-14 62.5 16.0B 21.42 

14-40 79.1 12.6 B.3 

40-72 79.4 16.6 4.0 

72-150 76.4 19.0 4.6 

II 0-11 7B.O 1B.7 3.3 

11-52 73.0 19.1 7.9 

52-BB 71.B 20.4 7.B 

8B-115 67.7 22.3 10.0 

115-150 70.4 20.3 9.3 

III 0-14 BO.1 14.2 5.7 

14-42 75.1 17.4 7.5 

42-90 69.2 19.9 10.9 

90-172 71.1 19.5 9.4 

0-14 80.7 16.0 3.3 
IV 

14-27 75.2 17.2 7.6 

27-60 75.5 17.0 7.5 

60-150 69.6 1B.9 11.5 

0-14 77.9 14.1 8.0 
V 

14-32 77 .0 13.2 9.B 

32-84 80.1 12.9 7.0 

84-155 77.0 15.0 B.O 

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



Table : 18 Per cent of the total cumulative K released at the end of 
different extractions. 

--------------------------------------------------------------------------
Profile Depth (em.) Ist+2nd+3rd 4th+5th+6th 

extractions extractions 
7th+Bth+9th+l0th 
extractions 

--------------------------------------------------------------------------
I 

II 

0-14 

14-40 

40-72 

72-150 

0-11 

11-52 

52-BB 

BB-115 

62.5 

79.1 

79.4 

76.4 

7B.0 

73.0 

71.B 

67.7 

70.4 

BO.1 

75.1 

69.2 

71.1 

BO.7 

75.2 

75.5 

69.6 

77.9 

77.0 

80.1 

16.0B 

12.6 

16.6 

19.0 

1B.7 

19.1 

20.4 

22.3 

20.3 

14.2 

17.4 

19.9 

19.5 

16.0 

17.2 

17.0 

1B.9 

14.1 

13.2 

21.42 

B.3 

4.0 

4.6 

3.3 

7.9 

7.B 

III 

IV 

V 

115-150 

0-14 

14-42 

42-90 

90-172 

0-14 

14-27 

27-60 

60-150 

0-14 

14-32 

32-84 
12.9 

15.0 

10.0 

9.3 

5.7 

7.5 

10.9 

9.4 

3.3 

7.6 

7.5 

11.5 

B.O 

9.B 

7.0 

B.O 
77.0 

84-155 -----------------------------------------
---------------------------------
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sign i f icant pas it i ve correIa tion bet\.Jeen non-exch. K and total 

extractable K indicated that non-exch. K can serve as a good 

index of the total K supplying capacity of fhe soil. The slope 

value of 2.91 of the corresponding regression equation 

indicated that for one unit increase in non-exch. K there was 

2.91 uni ts increase in the total extractable K. It was 

negatively correlated with water soluble K% (r=-O.8S**) and 

water soluble Klexch. K (r=-O.74**). 

The per cent of the non-exch + lattice K released at 

the end of all the ten extractions was positively correlated 

with non-exch. K% (r=O.79**) and negatively correlated with 

O 76 * * ) (Table 21). It was observed that, lattice K% (r=-. ., 

extractable K was positively associated with although total 

lattice K but its per cent as non-exch. + lattice K was 

C orrelated wi th lattice K. This indicated that, negatively 
in lattice K the total extractibility of K 

wi th increase 
the per cent extractibility decreases. It was 

increases but 
. d with non-exch. KI lattice K (r=O.79**) 

positively correlate 
~ 1 . t (> d \,Ji t 11 1 a t tic e Kit 0 tal K (r = - 0 • 74 * * ) . 

and negativelY caIre a -

IV.IO.2 step-K : 
S tant rate-K (CR-K) provide estimates • and con . step-K 

ll-exclwngeable aud IIItlWl'a 1 latt ic(.' t rOI11 no -- - -
of ~ availability 

1 (,1- 1956). Conceptually step-K is (HaY 0.,,", 
'pec'li velY sources res . 

available part of the non-exchangeable 
a measure of tile more 
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and lattice K. The values of ster J~ released at different 

extractions have been presented in table-19. Step-K gradually 

decreased with successive extractions to attain a zero value 

after 7th/Bth extractions in different layers and showed a 

general trend of increase wi th increase in depth of the 

profile (Fig. 19). The total amount of step-K released at the 

end of all the extractions varied from 905 to 2282 mg kg-1 with 
. 

a regular increase with depth (Fig. 22). Total step-K 

calculated as per cent of non-exch. + lattice K varied from 

53.3 to B1.9%. 

Total step-K increased along with the increase in 

clay content dowll tlle profile and a highl), significant 

positive correlation with the 'r' value of 0.94** was 

obtiJined. Th~ slope value of 33.9 of the corresponding 

re~. ~5sion equation indicated that with. one unit increase in 

clilY conL~nt there was 33.9 unit increase in total step-K. 

Total step-K was negatively correlated with sand (r=-0.B9**) 

and sJwwed 
h ' 'th silt. It was a I1ullsiynificdlll lelations IP WI 

(r=0.70**), non-exch. K 
(,' orr e I ate d wit hex C h . K po sit i v (~ 1 Y 

Cr=O.95**) , 
1 a t tic e K ( l' = 0 . 79;/d,) and tot a 1 K ( r = 0 . 89 * *). Th e 

slope value of 2.2 of 
t orI'ecponding regression equation 

t w c ~ 

"ble K co-efficient indicated 
exchanyea 

between sept K and non 
t he va lue of nOIl-ext:il, 1\ I there 

IJ 1") l' l cJ j{lll g e i II thdt wi tIl one 

wCJs 2.2 units 
l'n the value 0 change 

f tota 1 

W l' t}j l .. d t e r 501 ub 1 e K 
negatively corre1ilted 

sU~p-K. It was 

(1'=-0.71**) and 
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1070 

667 

741 

798 

981 

485 

538 

755 

853 

280 

144 

19() 

2.04 

68 44 

2.72. 

2.56 

488 

496 

260 

368 

500 

608 

2.20 

192. 

156 

208 

216 

60 

76 48 

12.4 100 

172 124 

168 152 

un 88 

92 84 

68 

120 

128 

124 112 

128 116 

40 36 

48 28 

84 52 

112 68 

2Q 8 

68 52. 

88 72 

60 32 

16 

32 

28 

7() 

20 

12 

36 

52 

12 

24 

24 

48 

4 

8 

40 

44 

4 -

8 -

8 -

4 -

4 -

4 -

8 -

1908 

2066 

2105 

1188 

1845 

2216 

2282 

1352 

1389 

1786 

2069 

905 

1070 

1587 

1865 

32. 

40 

40 

16 

24 

56 

60 

08 

24 

32 

64 

20 

32 

20 

32 

65.7 

74.0 

81.4 

56.0 

68.2 

81.9 

67.3 

78.8 

65.3 

74.1 

66.2 

67.2 

74.8 

56.8 

62.5 

1.1 

1.4 

1.5 

0.7 

0.9 

2.1 

1.8 

0.5 

1.1 

1.3 

2.0 

1.5 

2.2 

0.7 

1.1 

-------------------------------------------------------.-.----------------------------------------------------



Tab1e : 20 Relationship of various forms of K with soil properties and 
among themselves. 

--------------------------------------------------------------------------
x y. C')rrelation l~tercept and slope values 

Coefficient of the regression equation 
values y. = a + bx 

'r' a b 

1. Water saLK sand 0.76 -1. 077 0.211 

silt -0.39NS 

clay -0.78 19.354 -0.266 

exch.K -0.60 21. 567 -0.117 

non-exch.K -0.68 23.137 -0.014 

lattice.K -0.62 20.818 -5.372 

totaLK -0.68 22.849 -4.322 

sand -0.67 140.564 -0.952 
2.Exch.K 

silt 0.29NS 

clay 0.71 47.616 1.230 

non-exch.K 0.60 31.213 0.065 

lattice.K 0.82 22.062 0.036 

-0.90 ~500.256 -11.718 

3.Non-exch.K 
sand 582.798 18.339 0.44 
silt 

366.461 14.768 0.92 
clay 
lattice.K 0.72 297.173 0.291 

0.84 136.861 0.254 
total.K 

-0.84 3305.337 -26.918 

4.Lattice. K 
sand p15.514 0.50 50.020 
silt 733.980 32.730 0.83 
clay ... 174.370 0.723 0.98 
total. K 1t945.88 -39.38 -0.91 

5.Tots1•K 
sand P8L86 69.32 0.51 
silt Jl67.49 48.46 

0.91 
clay 

0.83 
-0.78 0.82 

6.Water BalIK VS 
sand -0.49 

0.99 -0.04 

silt 1.30 -0.03 
-0.82 

-0.40 0.08 
clay 0.85 

sol. K 1.77 -0.002 
water -0.77 -4 

DOD-exch •K 1.7 -0.7xl0 
-0.88 

-0.04 
18t t 1,ce • J{ _0.5,0 

2.98 

rtJ<% _f#IIII'-----~------lat tiC 0 ,#'~ --",-

...... ---------------
---------------



--------------------------------------------------------------------------
x l Correlation Intercept and slope values 

Coefficient of the regression equation 
values l = a + bx 

, r' a b 

7.Non-exch.K% VS lattice.K -0.67 42.99 -0.007 

total.K -0.51 41.40 -0.004 

lattice.K% -0.99 92.90 -0.95 

non-exch.K 
lattice.K 0.98 11.55 40.58 

8.Water solable/ sand 0.73 -0.22 0.006 
exch-K VS silt -0.44 0.28 -0.011 

clay -0.80 0.38 -0.008 

non-exch.K -0.87 0.58 -4.3xlO-9 

lattice.K -0.83 0.50 -2.04x10-4 

total.K -0.85 0.55 -1.55x10 -4 

9.Exch./non-exch. non-exch.K -0.70 0.21 -0.003 

K VS lattice.K 0.61 0.087 -5 1. 23x10 

10.Non-exch ./ non-exch.K 0.98 -0.257 0.024 

lattice.K VS lattice.K -0.71 0.786 -4 -1. 8x10 

lattice-K% -0.99 1.974 -0.023 

lattice.K 0.73 0.512 -5 
11.Lattice/total 8.08x10 

K VS 



Table : 21 Relationship of different K release parameters with 80il 

properties, forms of K & among themselves 
-------------------------------------------------~-------------------------
Parameters Diff. forms & properties 'f' 'a' 'b' 
---------------------------------------------------------------------------
(1) Total extractable 

K VS. 
Sand 

Silt 

Clay 

non-exch. K 

lattice.K 

total-K 

(2) Per cent K release non-exch.K 
after tenth 
extraction VS. 

(3) Step.K VS. 

(4) Per cent total 
step.K of the 
total non-exch + 
lattice.K 

(5) CR-K VS. 

non-exch. K/lattice.K 

lattice.K/total.K 

Sand 

Silt 

Clay 

non-exch.K 

lattice.K 

total.K 

CR-K 
Cumulative-K after 
tenth extraction. 

non-exch.K % 

lattice.K % 

non exch.K/lattice.K 

lattice.K/total.K 

Sand 

Silt 

Clay 

non-exch.K 

lattice.K 

total-K 

-0,89 4066.711 

0,33 NS 

0,95 648.889 

0,96 -390.545 

0,73 433.497 

0,84 -29.239 

0,79 5.3673 

0,79 30.601 

-0,74 218.643 

-0,89 3259.510 

0,36 NS 

0,94 680.403 
0,95 -113.198 

0,79 410.504 

0,89 71.112 

0,75 1113.569 

0,98 204.640 

0,79 15.610 

-0.76 172.271 

0,80 32.510 

-0,78 170.752 

-0,73 83.207 

0,21 NS 

0,81 -4.056 

0,80 -30.250 

0.73 433.497 

0,84 -29.239 

-34.733 

45.283 

2.914 

0.981 

0.781 

2.3415 

99.772 

-216.036 

-26.348 

33.893 

2.200 

0.761 

0.623 

18.542 

0.743 

1.645 

-1. 621 

71.775 

-160.043 

-0.875 

1.179 

0.074 

0.930 

0.781 

---------------------------------------------------------------------------
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water soluble K/ exch.K (r- 0 80**) A h' 
-- . . Ighly significant 

positive relatiollship was obtained between step-K and total 

extractable-K (r=0.98**). The slope value of 0.74 of the 

corresponding regression equation indica t<:!ll that fol' one unit 

increase in the total extractable K there wa 0 7 
s . 4 unit 

increase in the value of step-KG 

Total step-K although was positiVely correlated with 

lattice K but the per cent total step-K of the non-exch. + 

lattice K was negatively correlated with 1 
attice K~6 

(r=-0.79**). It was also positively correlated with non-exch. 

K% (r=0.79**) and non-exch. K/ lattice K (~=O.80**). 

IV.IO.3. Constant rate-K (CR - K) : 

CR-K is a measure of the difficultly aVailable K 

from the crystal lattice of the minerals (HaYlock, 1956). It 

varied between to 64 rng kg-1 at different layers with 
an 

i ne reas j ng trend from 5111' face downward (Table 19 and Fig. 22). 

CR-K calculated afi the pel' cent of non -exeh. + lattice-K 

varied between 0.2 to 2.1% at different layers. CR-K% was 

l' n (' r E:' a sew i t. h de p t h ina 11 the I) r 0 f]' 1 C\ c' observed to - . - . . '';.J eX<.:ept 

profi1e-5. 

CR-K was negatively correlated with sand (r=-0.73**) 

and positively with clay (r=O.Bl**) • It was negatively 

correlated with water soluble K (r=-0.66**) and pos't' 
lIVely 



FIG.22 Relationship of K release 
parameters with depth. 
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with non-exch. K (1'=0.80**) and total-K (r=0.58**). The slope 

value of 0.80 in the regression equation between CR-K and 

non-exch. K indicated that with one unit change in non-exch. 

K there was 0.80 unit change in CR-K. 

CR-K was nega ti ve1y correlated wi th water soluble- r~':, 

(r=-0.60*) and positively correlated with total sept-K 

(r=0.75**) and total exctractable-K (r=0.98**). 

K release behaviour of the soil:.; pl'ovides vital 

information regarding the lJer iod, extent and rate of K-supply 

to plantG. K-Gupplying cdpacity of the soil at the 3rd layer 

of P-l was highest as observed from the maximum value of total 

extractable K, but this soil can not maintain K-supply for a 

longer period and will be:! soon exhausted due to maximum 

removal of K (9~. 7%) at the end of tenth extraction. The value 

of step-K at different extractions indicated that this soil 

can maintain adequate K-:.;ulJPly at the initial stage which will 

I lly d[lul' L;OIlW crolJPiu<J :';8d:';(l11:.;. 
be 1 L:duced !;ll ):.;equell 

profil e - l 

this soil. 

Tolal t:xtI'c.lC:tdble-K Wd~; lowest in t.he first layer of 

iJHJicdtlH<J tlldl the lowest K-:,;uPlJlyillg capacity of 

Removal of only 54.9% K at the end of this 

tlJdt tIlis soil Cdll sllppl.y K [or a 101lyel' 
_ .. tion indicated 

exU ae . . 

. d The perlO . 
f S tel) K at different extractlons Indicated 

value 0 

tllis soil 
that 

can suVPly K adequately for some initial 
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cropping seasons only. The low CR-K value of 4 mg kg-l 

indicated that, although this soil can supply K for a longer 

period but it was too inadequate to sustain the plant growth. 

Hence application of potassium from external source will be 

required for a successful crop production. 



SUMMARY AND CONCLUSION 

A detail soil ~urvey was taken up in tIL- Nedisahi 

Nalla mini-watershed (ORM-3-8-5-l) to study the soil 

morphology and genesis of the tract and classify them as per 

Soil Taxonomy. Different forms of potassium and their release 

characterinlics were also studied to know the correlation 

amongst them. Two adjacent villages namely Sidingi and 

Nedisahi were taken up for the present study comprising the 

total geographical area of 265.7 haG 

The study area is within the I.W.D.P. project of 

Phulbani' and is tiituateu in the district of Kandhamal. The 

sl r'pe of the lerraiu was 8-15% and the slope of 3-5%· geuera 1 u 

within different physiographic units was Observed. Five 

, lye foot hills, upper 'd physiographic uIllts name, rl ges, mid 

'd oediuw land and medium valley land were demarcaleu upland, ml I: 

p r ofile each from these physiographic units designated 
and aIle 

to P- 5 respecti vely, a longwi th 4 to 5 eompol:li te 
from p-l 

saJ01)10 5 were collected and studied. The first fOllr 
surface 

, its are ulllkr Sidingi village and the fifth 
phYs j ograplllC un 

, Ii TlIe blacktopped metaled road fron' 
one 

if) under' NedIS d1 • I 

, ' da to Khajuripada stre·ches between P.-2 and P-3 and one 
BISlpa 

of Pilasalki M.I.P. stretches between P-4 and P-5 
sub-canal , , 

, with normal run-off In the slopy terraIn. 
interferIng 
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The area is situated in 20° 28'N latitude and 840 

21 'E longitude and carnes under sub-tropical monsoonic climate. 

The climate is hot and sub-humid with average annual rainfall 

of 1280 mm. The mean ~_"ximum and mean minimum temperatures are 

37°C and 10.4°C respectively. 

Morphological characteristics were studied in the 

r Ie 1 <l In NOVl!IIILer 19 1),1. TlIl: ] ... bol"tJ Lory us tilllill iOllS illC lUlled 

mechanical co'mposition, physical properties and chemical 

characteristics consisting of pH, organic carban, CEC , 

exchange composi tion, exchange acidity, free oxides, lime 

requrement, avilable N.P.K. Different forms of K like water 

soluble, exchangeable, non-exchangeable, lattice and total K, 

thejr release characteristics within the profiles and 

I t ' mongst them were also studied. corre a l.on a 

] . 

2. 

3. 

Soil COIOUI on tlw [;IH'face varied from reddish browll 

dd ' ~ yellow to light reddish brown from upper through l"e 1[;11 

h S lope but the colour of ; ill; :.iub-surfcte(~ ridges dowll t e 

, • mostly yellowish red. 
hOI"~Zons were 

were deep to very deep tlu"ouglwul the study The profiles 

area. 

surface texture of tlw fuot hlll~ \"as Sdlilly which 

changed to sandy clay loam and 10d11l UOWl! tlw 
graduallY 

slope. 
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4. Wi thin the profiles of Sidingi area the clay content 

increased down the depth wi th presence of thin patchy 

clay cutans in the sub-surface horizons forming argillic 

horizon. This was attributed to the eluviation of finner 

particles from the surface because of high rainfall and 

well drained condi ton of the sub-stratum. But in the 

Nedisahi series which was situated in medium valley 

por;ition, moderately well .!rained condition prevailed and 

removal of free oxides was restricted resulting in 

structura 1 development, Fe, Mn concretionary formation 

and qualified for the prC5ence of cambic horizon. 

The soil pII values usually increased down the depth with 

some variations resul ting in medium to slightly acid 

The surface soils were usually medium acid in reaction. 

reaction. 

, carbon content wa5 low (less than 0.5%) in 
(j The orqanIC . 

) . 

7. 

h01-i20nes throughout all the profiles. The value 
a 11 the 

decreased gradually down the depth in all the 
generally 

pedons. 
\.Jt:I"U loW ill all thc profiles. In geneI'd], 

TI)(~ CEC Vd ]Iwt; 

the 
l'11Cl"eased down the depth and there was a CEC value 

. . -elat ion between CEC V!.; ~;LIY content. This 
c' l' t l ve c: 0 r I . 

po~ , 
clay was mainly responsIble for CEC of 

indicated that 

::; 0 j 1 d [; the 
, , carbon content was very negligible. 

organIC ' 

r 1 ('~i 11 
TIlC (::·~chiJnqu ('om . 

tt 
bY Catt followed bY Hg , 

all the P l' () f j It! [i W C n~ do mill ,1 t (. d 

. t Kt and Na . 
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8. The percentage base saturation of the soil increased down 

the profile and along the slope except very few deviation 

and was positively correlated with the pH values. 

9. Free iron oxide in all the profiles of the study area was 

found to increase down the slope as well as down the 

depth showing a significant positive correlation with 

clay content (r=O. 991'11 'II). The gradual increase of the 

free oxide content in the lateritic zones was attributed 

to the intermittent wet and dry season. In the Sidingi 

area, water table was very low and the eluviated free 

oxides leached downwards without enric-hing the 

sub-surface layers. 

10. The available nutrient status was, in general, low in 

case of nitorgen and medium in case of phosphorous and 

11. 

potash. 

From the study of different forms of K and their release 

t i tl'cS the following conclusion could be drawn· charac er s , . 

a) 
Water soluble K decreased where as exchangeable, 

non- exchangeable, lattice and total K increased 

with increase in clay content from surface 

downward. 

The highly positive relationship of exchangeable, 

ble lattice and total K with clay non- exchangea I 

t r evealed that these forms of K were mainly 
con ten 

. t d with the clay fractions in soil. assocl.a e 
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c) Water soluble K% decreased, exch. K% changed with a 

little variation, non-exch. K% and lattice K% 

d) 

changed irregularly from surface downward. 

Exch. , non-exch. , lattice and total K were 

negatively correlated with water soluble K but 

positively correlated among themselves indicating 

that they were in a dynamic equilibrium with each 

other. 

e) The amount of water soluble K in different layers 

varied from 6.5 to 20 mg/kg constituting 0.2 to 

1.8% of total K. Exch. K content varied from 39.5 

to 107 mg/kg forming 2.1 to 4 % of total-K, 

non-exch. K varied from 460 to 1130 mg/kg 

constituting 23.2 to 41%, lattice K varied from 580 

to 2260 mg/kg constituting 52.8 to 73.3% of total K 

and total K varied between 1100 to 3500 mg/kg 

jnsjde the profiles. 

f) K release parameters like total extractable K, step 

K 3nd CR-K increased along with the increase in 

clay content from surface down the profile. This 

indicated that k supplying capacity of the soil is 

mainly controlled by the clay fraction in 80il. 

g) 
The higher step K values in the initial extraction 

and the 
lower CR-K values indicated that these 

ly K adequately in the initial 
soils can sUPP 

ons but later on deficiency will arise 
cropping seas 

. t'on of fertilizers will be needed. 
and appllca 1 
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h) The highly significant positive correlation of 

total extractable K, step K, and CR-K with non 

exchangeable K can serve a better index of the K 

supplying capacity in soil. 

12. The soils of foot-hills, upper ridges, mid-up-land and 

mid-medium land (Sidingi series) under study were 

classified under Haplustalfs. The medium valley land of 

the study area CNedisahi series) was classified 

Ustochrepts as per Soil Taxonomuy. 

CONCLUSION : 

The Nedisahi Nallah miniwatershed (area of 

investigation) has a number of problems which were the main 

barrier of the development. Out of them the following were the 

major problems : 

a) 

b) 

c) 

d) 

integrated 

Erosion in upland. 

Erosion on hills. 

Erosion on cultivable and uncultivable waste lands 

stream bank erosion etc. 

the development of the watershed in an 
To boostup 

the watershed should be treated properly. 
manner, 

. ed below : 
t · are some 5Ugge5 10ns 

cat ego l'.l5, 
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1) On-farm lands : 

The on-farm lands include all available lands 

CUltivated presently such as upland (high land), medium land 

and low land. These lands belong to cultivators. The 

conservation measures and other developmental programmes in 

these types of land will be as follows : 

i) Planting of vetiver on contour. 

ii) Replacing earthen bunds with vetiver plantation. 

iii) Contour cultivation. 

iv) Conservation farming. 

v) Adoption of cropping system like; 

a) For upland: 

Short duration paddy/ragi/millets in Kharif and 

pulses/gFoundnut/vegetables in Rabi. In all the 

cases application of lime should not be avoided. 

b) For low land : 

Here the moisture storage capacity of the soil was 

more because of high clay content (48%) at a depth 

below 60 cm and high water table. So the above 

cropping programme with a slight modification 

foll owed i.e. medium duration paddy/ragi/ should be 

Sugarcane in Kharif and oil seed/ pulses/ 

vegetables in Rabi. 

Off-farm land : 
J. land includes all non-available lands such 

as hills, 

Off farm 
village forest, reserve forest, culturable 

pediment, 
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waste land, uneul turable waste land etc. In these type of 

lands the following programmes may be taken up. 

i) Plantation of timber species. 

ii) Plantation of fodder, fuel and non-sal sps. 

iii) Rehabilitation of degraded forest. 

iv) Horticultural plantations. 

3. Natural drainage line : 

The following measures may be taken up for the 

development of natural drainage lines. 

i) Diversion channel. 

ii) Gully control measures. 

iii) Runoff storage structure i.e. W.H.S. 

iv) Stream bank erosion control. 

Future research is needed on incubation studies of 

organic matter, Q/l study on potassium, Phosphate fixation, 

sulphur status, clay mineralogy, sand mineralogy, 

quantification of different forms of ferruginous and 

of soil acidity. 
aluminium compounds as a source 

of study may be extended to different 
This type 

situations in order to evolve a uniform 
similar topographic 

nt programme for the complete watershed, which 
op manageme 

cr higher productivity potentialities of 
ultimatelY lead to 

may . ti zones of Orissa in a sloping 
under laterl c 

the areas 

terrain o 



BmLIOGRAPRY 

Addiscott. T.M and O. Talibudden. (1969). The buffering 
capacity of potassium reserves in soils. Potassium 
review. sub-4, 45th suite. 1-24. 

Adhikari, M. and Ghosh, T.K.(~993). Threshold levels of K for 

intermediate K release in relation to clay mineralogy and 
specifically held K of soils. J. Indian Soc. Soil Sci. 
41(4) : 662- 66. 

Aggriadis, G.A.; Jannakoudekis, D.A. and Polycopoulos, N. A. 
(1987). The release of non-exchangeable potassium from 

certain soils of Northern Greece. Geodrma. 20(2) 

159-168. 

Ananthanarayan I R. and Hanumantha Raju, T. H. (1994). Nature of 
soil acidity and Lime requirement in the Agro climatic 

Zones of Shimonga district, Karnataka. J. Indian Soc. 

Soil Sci. 42 : 361- 364. 

1 B S Rand Raychaudhuri, S.P. (1964). Studies on 
Anjaneyu U , •• ' • 

I di' soils growing tobacco. J. Indldn Soc. Soil some n an 
. 12: 177- 197. Sel. 

(1989) Report. 

(ORM-3-8-5-1) 
AnonymoUS 

plant. 
district. Directorate 

Bhubaneswar. 

Integrated Watershed Management 
in khajuripada Block of Phulbani 

of soil conservation (Orissa), 

W (1960). potassium Supplying power of some British 
Arnold, p. . 437 

. Nature: 436- 0 

50115, 



ii 

Ataga, D.O. (1973). Release and fixation of potassium in some 
soils supporting the oil plam. Proc. 10th colI. Int. 
Potash. Inst. Abidjon in Soil and Fert., 1976. 39 (9) : 
5645. 

Bakr, H.i Haj. C.S. Harindranath and Reddy, T.V.R. (978). 

Soil survey, Indian Photo interpretation Institute, 
National Remote Sensing Agency, Dehradun. 

Bala, N. and Sahu, G.C. (1993). Characterization and 
classification of soils on Hill slopes of Middle Andaman 
Island. J. Indian Soc. Soil Sci. 4l(1} : 133-137. 

Bandopadhyay, B.K; Bandopadhyay, A.K.; and Bhargava, G.P. 
(1985). Characterisatio'n of soil potassium and Q/r 
relationship of K in some coastal soils. J. Indian Soc. 
Soil Sci. 33 : 548-54. 

Barbier, (1962). Quoted by C. Duthion (968). Potassium in 
soils. potash Review, Sub-4, 43rd suite, 1-21. 

Basumatary, A. and Bordoloi, P.K. (1992). Forms of potassium 
in some soils of Assam in relation to Soil properties. J. 

Indian Soc. Soil Sci. 40 : 443-446. 

. (1991). petrographical and geochemical study of 
Beauvals, A. d b f . 

. h ing protiles cappe y errIcretes in the 
laterIte weat er . . 

f t h central AfrIcan Republic - So~ls and 
south east 0 e 
Fert. 1991. 54(12) : 77-82. 

idh P S (1991). Release of Potassium from 
8 8 and S u, ., 

Bhangu ,. .' n Amm Acetate extractable Potassium. J. 
soils DifferIng 1 • 

Res. 7(3): 182-89. 
Pot. 

, N.R. and Govindarajan, s.v . . Datta - BIswas, 
Bhargava, G.P., . on the Tungavadra catchment soils. I. 

3) studIes . h 1 
(197· 1 character istic5 and 5011 morp 0 ogy. J. 

En~rironmenta '1 Sci. 21: 91-103. 
Indian Soc. So~ . 



iii 

Bhattacharyya, T.; MandaI, C. and Deshmukh, S.N. (1992) Soils 

and land use pattern of Western Moharastra. J. India Soc. 
Soil Sci. 40: 513-520. 

Bhoumik, A.K. and Totey, N.G. (1990). Characteristics of some 

soils under Teak Forest. J. Indian Soc. Soil Sci. 38 : 
481-487. 

Biswas, C.R. (1974). Potassium supplying capacity of several 

phillipine soils under the two moisture regimes. Potash 
Review, Sub-4, 57th suite. 1-15. 

Biswas, T.D. and Gawande, S.P. (1962). Studies on Genesis of 

Catenary soils on sedimentary formation in chhatisgarh 
basin, Madhya Pradesh. J. Indian Soc. Soil Sci. 10 : 223. 

Boje-Klein, G. (987). Origin, classification and evaluation of 

soils of a toposequence from the troodos Massive near 

Nicosia, Cyprus. Soils and Fert. 50(6) : 603-604. 

Campbell, J.M. (1971). Laterites, its origin, structure and 

minerals. Miner. Mag. 17 : 67-77, 120- 128, 171-179 and 

220-229. 

S K and Sinha, H. (1983). Morphology and salient Chakrabarty, .• 
, tl' cs of Some hill soils from North Eastern characterls 

India. J. Indian Soc. S~i1 Sci. 31 : 662-67. 

D Nand Barua, J.P. (1983). Characterisation and 
Chakravarty, ", t the soils of citrus growing belts of 

classificatIon 0 '" 
, f Assam. J. Indlan Soc. SOll SC1. 31: 

Hill distrIcts 0 

287-95. 

'k S (1990). d patnal. . 
Chakravarti, S. P. an i1s 

, 'Flooded rice sa . 
of potasslum In 
Sci. 38(2) : 243- 47 • 

Fixation and release 

J. Indian Soc. Soil 



iv 

Chakravorti, S.P. (1992). Different forms of soil-K as 
influenced by K application in normal and K exhausted 
soils. J. Indian Soc. Soil Sci. 40: 271-276. 

Chakravorty, B. and Chakravarti, S . K. (1960). studies on 

physico- chemical characteristics of some soils of the 

Eastern Himalayas. J. Indina soc. Soil Sci. 28(3) 
319-322. 

Challa, 0 and Gaikaward. (1986). Soils in a catena from Dadra 

and Nagar Haveli-their characterisation and 
classification. J. Indian Soc. Soil Sci. 34 : 543-50. 

Choudhury, J.S. and Pareek, B.L. (1976). Exchangeable Reserve 
potassium in sols of Rajstan. J. Indian Soc. Soil Sci. 24 
: 57-61. 

curi, N. and Franzncier, D.P (1964). Toposequence of Oxisols 
from the Central plateau of Brazil. Soil Sci. Soc. Of Am. 

J. 48(2) : 341-346. 

Dadhwal, K.S. and Tripathy, B.R. (1986). Lime requirement of 

Acid soils. J. Indian Soc. Soil Sci. 34 : 362-66. 

Dan, 

Das, 

J . Vallon, D.H. and Kayumdjisky. (1972). I. Catenary 

s;;l relationship in Israel. 2. The Bet Guvrin catena on 

and maritime stone crust in the shofa1a. Is1. J. 
chalk 

S · 21(2) 99. Earth Cl. 

G C and Nanda, S.S.K. (1992). Nature of 
K • Sahu, .. . 

P. ., h ge chemistry of some Later1 te soils of 
d . ty and exc an 

Aci 1 ndian Soc. Soil Sci. 40: 425-430. 
orissa. J. I 

Datta, M. 

soils. and their Amelioration. Agri1. 
(1980). Acid 

7 : 1-3. Land. 



v 

Datta M • S h P , ., a a, .K. and Chaudhury H P (1990) E , •. . rodibili 
characteristics of soils in relat' ty lon to soil 
characteristics 

38 : 495-498. 

and Topography. J. Indian Soc. Soil Sci. 

Datta, S.C. and Sastry, T.G. (1988). Determination of 

threshhold levels for potassium release in three soils. 

J. Indian Soc. Soil Sci. 36(4) : 676-81. 

Datta, S.C. and Sastry, T.G. (1989). K-threshhold levels in 
Relation to K-reserve, Release and Specificity. J. Indian 

Soc. Soil Sci. 37(2) : 268-275. 

Deshmukh, V. N., Solanke, B. U.; Rewatkar, s. S. and Gawande, 

S. M. (1991). Forms of potassium in soils of Vidharba 

region. J. Soil and Crops. 1(2) : 175-79. 

harya R.P (1992). Potassium 
Deshmukh, V.N., and Rangac " 

supplying power 0 

f western Vldharba. J. Pot. Res. 8(1) : 

26-30. 
1 S K (1993). Release pattern 

• 'p K. and Sanya, .., ' 
S., Man 1 ,. '1' n some Entlso ls , InceptIsols, Dey, 

'1 potaSSIum of non-lab1 e f west Bengal. J. Indian Soc. 
Molliso 1s and AlfisolS 0 

, 41(4) : 658- 62 . 
Soil Sel. 

tee S.P. 
d Kukre ' 

Dhar, B.L; Jha, M.N. an, t d rnceptiSols 
f 'ssoCla e 

Mineralogy 0 a '37 : 765- 774 . 

(1989). Genesis and 

in a Forest area. J. 

Indian Soc. soil sel. 

t Y T.G. 
d sas r , 

Dutta, S.C. an , logy of 

(1993). potassium release in 

silt and clay. J. Indian Soc. 

, mlnera 
relatIon to . 452-58. 

'1 S l' 41(3) . 
SOl e· d Krishnamoorthy, K.K. 

G V. an 
. 'b tion of different forms 

dis tr1 u Madras Agric. J. 62(5) : 
ndr aman , 

J{oth a 
Ekambaram, S.; '5 on the 

A stUdle 'IS 
(1975). in red sol . 
of potassium 

243-247. 



vi 

Feigenbaum, S. and Levy, R.(1977). Potassium 
release in SOine 

saline soils of Israel. Geoderma. 19(2) : 159-169. 

Ganeshmurthy, A.N. and Biswas', C.R. (1985). Contribution of 
potassium from non-exchangeable sources in soil to crops. 
J. Indian Soc. Soil Sci. 33 : 60-66. 

Gangopadhyay, S.K.; Debanth, N.C. and Benarjee, S.k. (1986). 
Characteristics of some high altitude Soils of Sikkim 
Forest Division. J. Indian Soc. Soil Sci. 34 

: 830-38. 

Gavaud, M.i Blaucaneaux, P.i Dubroeucq, D. and Pouyllau, M. 
(1905). Soil Land scapes of the Venezuelan territories of 

Amazon. Soils and Fert. Oct. 1987. pp- 9859. 

Ghelani, L.M.; Ramakrishnay, B.V. and Patel, B.K. (985). Soil 

potassium characteristics in relation to potassium 
applied to tobacco crop. J. Indian Soc. Soil Sci. 33 : 

67-72. 

Govinda Rajan, S.V. 
Characterisation 

Humid zone in the 

Machkund basin. 

and Datta Biswas, N.R. (968). 
of certain soils in the sub-tropical 
South- Eastern part of India - soils of 
J. Indian Soc. Soil Sci. 16 : 179-186. 

Gowalkar, A.S. 
genesis of 

composition 

: 59-66. 

(1972). Int 1 uence of moisture regime on the 

laterite soils of South India. II. clay 

and mineralogy. J. Indian Soc. Soil Sci. 20 

A s and Barde, N.K. 
Gowalkar, .' . 

b 'l'ty classificatIon capa 1 1 

and Wa ter cons. Jan -Soil 

soil factors 

(1964). Soil survey and land 
in vidarbha, Maharastra. J. 

June: 32 (1964). 

of potassium availability. 
Grimme, H. (1975). 

1 Meeting, 40th Annual Genera 
Indian Soc. Soil Science, 

Bhubaneswar. 



vii 

Gupta, R.D. and verma, S.D. Cl992}. 

classification of some soils of 

Shiwalik. J. Indian Soc. Soil Sci. 

Characterization and 
Kandi Belt in Jammu 

48: 809-815. 

HaIdar, B.R. and MandaI, L.N. (1985). Lime requirement of Acid 

soils in relation to pH. exch. acidity, extractable 
acidity and exch. AI. content of the soils. J. Indian 

Soc. Soil Sci. 33: 528-35. 

Haridasan, M.; Sahu, D. and krishnamurti, G.S. (1979). 

Correlation between moisture characteristics and 
hydrophysical properties of a few laterite and associated 

red soils of kasargad, kerala. Indian Soc. of Desert 

Tech. and Univ. centre of Desert studies. (1979) 4(1) : 

1-6. 

Herrera, R.i Garcia, M. and Mayorga, J. (1980). Effect of the 
removal of free iron oxide on the CEC at various pH and 

surface area of two Alfisols and one OxisoIs from 
Venzuela. Agro c1inica. 24 (5/6) : 403-409. 

Jackson, M.L. (1973). Soil chemical Analysis. prentice Hall of 

India Pvt. Ltd., New Delhi. 

Jenny, H. (1941) • Factors of soil formation. Mc. Grew Hill 

series Book. pp. 64. 

Joshi, D.C. 
characteristics 

c p (1979). Studies on humus and Ghonisikar I ., • 

and distribution of partIcle size 

ra tes in some sepa 
Soc. Soil sci. 21 

Typical soils of Rajstan. J. Indian 

252- 60. 

Joshi, D.C. 
soils. 

. R lease Bihaviour in some Acid 
(1986). potaStil UID e 63) 

Soil Sci. 34(1) : 56- • 
J. Indian Soc. 



viii 

Kabachiev, I.; Koynov, V. and stayk<;>v, Y. (972). 

Redistribution of weathering products and soil formation 

in some regions of Bulgeria. Natisionale kangress Po 
pochvognanie Bu1geria. pp. 379. 

Kalbande, A.R. and Swamynath, R. (1976). Characterisation of 

potassium in Black soils developed on different parent 

materials in Tungabhadra catchment. J. Indian Soc. Soil 
Sci. 24 : 290-96. 

Kemmler, G. and Hobt, H. (1991). Potassium availability as 

related to (i) climate, soil type (ii) Soil texture clay 

mineral compositon, (iii) Soil moisture. Potash a 
product of Nature. 28-29, 33-36. 

Klant, E. and Beatly, M.T. (1972). Genesis of a soil sequence 

in the middle plateau Region of the state of Rio Grande, 
Dosul. Pesquisa Agronomica. 7 : 99-109. 

Krishna Kumari, M. and Khera, M. S. (1989). Relative Efficacy 

of soil test mp.thods of K to measure changes in K-status 

due to up take, additon and release of K in micaceous 

soil. J. Indian Soc. Soil Sci. 37 : 495-498. 

and Tripathy, R.P. (1987). Land use pattern and some 
Kumar, A. 

. 1 roperties of a mini-watershed. J. Indian 
soil physlca P 

Soc. S oil Sci. 35: 262-67. 

) Factors affecting the release of soil K 
Kunishi, H.M. (1963 . t Ab t (1963) 

in to exchdngea ] 
form on drying: Disser s .1'. 

23 4041. 

Lahari, T. and 
some soil 
Soil Sci. 

chakravarti, 

of Sikkim at 

37: .151- 454 . 

K (1989). Characteristics of S. . 
. altitude. J. Indian Soc. varIOUS 



ix 

Lucas, Y.; Chauvel, A.; Boulet, R.; Ranzani, G. and scatolini , 
F. (1986). Transition from catosols to poddzols on the 

Barriras formation in the Manaus region, Amazon, Brazil. 
Soil and Fert. 49(4) : 407. 

Luzzio, W. (1972). Pedogenesis of the toposequence lovasquez, 

las posas, (i) Micromorphology. (ii) chemical mechanical 

and mineralogical analysis. Agricultura Technica. 32 : 
2-37. 

Macedo, J. and Bryant, R.B. (1987). Morphology, Mineralogy and 

Genesis of a hydrosequence of Oxisol in Brazil. Soil Sci 
Soc. Am. J. 1987, 51(3) : 690-698. 

Maignion, R. (1958). Development of ferruginous Laterites 
Lateritic. Adv. Agro. Vol. 14. 

MandaI, A.K. Nath, S.; Gupta, S.K. and Benarijee , S.K. 

(1990). Chdrdcteristics and National status of soils of 

Middle hill and Upper hill Forest of the Eastern 

Himalayas. J.Indian Soc. Soil Sci. 38 : 100-106. 

. J Clemdo J. and Paneque, G.(1974). Soil porosity MartIn, ., ' . . 
d f ferrisiallitlc red salls of South Spain by stu yo. 
. 1 electronic and conventIonal methods. Soil 

optl ca 
. (Rutherford, G.K., editor). PP. 441-454. 

!11croscopY 

A.J. (1968). Fixation of potassium added to soils and 

Mc Le::~ recovery by plants. Can J. Soil Sci. 48 : 307-313. 

(1978). Influence of Cl~y. content an~ Cl~y 
Mc Lean, E.O. potassium availabIlIty. Potass:r.um ln 

compos i t ions on } Research Insti tute, New Delhi, 
potas 1 

soi 1 s and crops. 

51-68. 

P tassium Kinetics in some 
(1986). 0 

S .C and Singh,M.. soil Sci. 34 : 484-87. 
Mehta, d n Soc. 

soil samples. J. In ld 



x 

Mishra, M.K. and Singh, M. (1992). Potassium Release 

characteristics of some Bench mark soils of India. J.of 

Pot. Res. BCl} : 1-10. 

Mitra, G.N. ; Sahoo, D. and Sahu, G.C. (1980). A laboratory 

manual of soil and water testing, Dept. of Soils and 

Agril. Chemistry, CUAT, Bhubaneswar. 

Mohapa tra, I. C. and Prasad, R. (1970). Response of Rice to 

potassium in relation to its transformation and 

availability under water-logged condition. Fertilizer 
News. 15 : 34-41. 

Murthy, R.S.; Jain, S.P. and Nagabhusan, S.R. (968). Soil 

survey and Land Capability Classification for sound 

watershed Management in Kundah project (Madras). J. 

Indian Soc. Soil Sci. 16 : 223-227. 

Nair, K.M. and chauncah, G.S (1988). Characteristics and 

classjfication of fine forest soils of Meghalaya. J. 

Indian Soc. Soil Sci. 36 : 142-145. 

Nash, V.E. (1971). Patassium release characteristics of some 

'1 f the Hississipi coastal plain as revealed by 
501 5 0 

. teacting agents. Soil Sci. Ill: 313-317. varloUS ex 

S K (1982). Studies on potassium 
Na th A.K. and Dey, ., 

, . . . t t . n i 11 va rio us t ex t u r a 1 t Y [W 5 a fall u v i a 1 
leasIng pa el 

r e , - f Assam by method of exhausting cropping. J. 
50115 0 

Soil Sci. 30 : 291-95. 
Indian Soc. 

t . " (1988). A study on soil test and 
p kaySt w, LJ. . 

Nath, A.K. and ur t' of potassium in Acid Alluvial 
'n respec 

crop response 1 . S c Soil Sci. 36 : 120-124. 
J Indl an o. 

soils of Assam. . 



xi 

Oliviera, J.B. and Menk, J.R.F. (977). Latoso1s of the 
compianas region, saepaelo 1. Morphological and chemical 
characteristics. Revista Brasi1eina de ciencia do solo. 
(1977). 1(1-3) : 108-114. 

Pal, S.K. and Mukhopadhyay, A.K. (1992). Potassium Releasing 

power of soil as a Tool to Assess its supplying power. J. 
Indian Soc. Soil Sci. 40(2) : 266-70. 

Pal, O.K. and Durge, S.L. (1993).Potassium release from clay 
micas. J. Indian Soc. Soil Sci. 40(1) : 67-69. 

Palomar Garlia-villamil, M.l.; Moreno garcia, A.M. and 

Fernandez Bermej 0, C. (1984). A soil toposequence in 
Terriente Spain. Soils and Fert. (1987) 50(11) : 1310. 

Patiram and Prasad, R.N. (1991). Release of non-exchangeable 

potassium and its relation to potassium. Supplying power 
of soils. J. Indian Soc.Soi1 Sci. Vol. 39 : 488-493. 

Pende 1 ton, R. L. (1942). Chemical weathering of minerals in 

soil. Adv. in Agro. Vol. 5. (953). 

U Blume H.P. and kanig, M. (991). Soils on Pfisterer, ., , 
Ultrabasic parent material in the humid subtropics of 

P t 2 . solute dynamics. Soils and Fert. Brazil. ar. . 

54 (9) • 

. C s (1950). Soils and Plant analysis. Inter-science 
PIper, .. k 

publishers, INC, Newyor . 

4). Exchange equlibria of K in soil: 
paonia, S.R. (199 1 gy of soils in K-Ca exchange. J. 

1 minera a 
of c ay. . 42(2) : 223-28. 

Effect 
Indian 

Soc. S011 sCl. 

Prasad, A.i Totey, 
p.K. (1989). 

Topography. J. 

. h A K.; Kulkarni, 
N.G.; SIng, . in 

tile development 
pro soil sci. 37 : 

Indi an Soc. 

R. and Khati, 

relation to 

790-797. 



xii 

Prasad, R.N.; Sinha, H. and H~ndal, S.C. (1~67). Fraction of 
potassium in Bihar soils. J. Indian Soc. Soil Sci. 15 : 
173-179. 

Prescott, J.A. and Pendeleton, R.L. (1952). Laterite and 

lateritic soils. Common wealth Bureau of Soil Sci Tech 
Comn. No.4. 

Rajamannar, A. and Krishnamoorthy, K.K. (1978). A note on the 

influence of altitude on the physico-chemical characters 

of forest soils. J. Indian Soc. Soil Sci. 26: 399-400. 

Rajamannar, A.: Ramaswami, P.P. and Krishnamoorty, K.K. 
(1979) . Organic Matter level of Some Related 

charactaristics of lateritic soils of different altitude 

under plantation. J. Indian Soc. Soil Sci. 27 : 399-401. 

Ram, P. and Prasad. R.N. (1983). Potasium SUpplYing power of 

soils from the East khasi Hills of Meghalaya. J. Indian 

Soc. Soil Sci. 31: 506-10. 

Ramanamurthy, J. and Sharma, A. K. (1992). Role of Phys iography 

on characteristics and development of soil under pine 

vegetation and their classification. ~l. Indian Soc. Soil 

. 40: 143-149. SCl. • 

K.M. and krishnamoorthy, K.K. (1982). Potassium 
Ramanathan, 

releasing power 
vis-a vis potassium supplying power of 

. 1 J Indian Soc. sal. . 
Soil Sci. 30 : 176-179 . 

(1997). Dynamics of Soil potassium. Ph.D. 
Ramanathan, K.M. Agricultural University, Coambatore. 

Thesis. Tamiln adu 

van T. (1980). Studies on 
dnd satyanaraJ ' 

tl an A tak J. Il1di an Soc. Ran9ana 1 ,. 50i Is of karna . 
otas sium statuS of 

P . . 148- 153. 
soil. Sel. • .28 • 



xiii 

Rao, A. SUbba.; Brar, M.S. and Sekhar, G.S. ,(1988). Desorption 

pattern of potassium from five soil serises developed in 

different parent materials. J. Indian Soc. Soil Sci. 
36(2) : 239-45. 

Ray, M.N. and Nanda, S.S.K. (1979). Soil survey classification 

and land use capability of Agril. Reseach Stateion, 

Similiguda. A thesis submitted to O.U.A.T. for M.sc. (Ag) 
degree. 

Reitemier, R.F. (1951). The chemistry of soil potassium. Adv. 
in Agro. 3 : 113-164. 

Ricardo, E. J . (1958). The Guetapara red soils of Northern 

venezuela. Soil Sci. 80(4) : 193. 

Ruymbeke, M. Von. (1963). Problems of inher~nt richness in K 
of podler soils. pedo10gie, 13 : 15-24, in Soil and 

Fert. (1964) 27: 1042. 

Sahu, G.C. and Patanaik, S.N. (1991). Morphology, mineralogy 

and classification of the easternghat region soils of 

orissa, Clay Research 10(1) : 25-29. 

h G C and Patnaik, S.N. (1990). Influence of lime and 
Sa u, ., . h h 

. tter on pH and Ion exc ange P enomenon of some organIC rna 
. J Indian Soc. Soil Sci. 38 389-393. 

AlfIsols. • 

. h A (1994). Morphology, characteristics 
G C. and MIS ra, . . . 

Sahu, . . of <"oils under SIsal (AgClve Slsalana) 
d last'ificatlon ~ 

(In c.., Indian Soc. Soil Sci. 42 : 111-114. 
cultivation. J. 

S and Gupta, Sahu, . 
potassium in some 

S.K. (1987). Fixation and Release of 

1 '''1 SOl'ls, J. Indian Soc. Soil. A] IIY}u .• 

35(1) : 29- 34. 



xiv 

Salmon , R.C. (l965). Release of non exchangeable potassium 
from some Rhodesian soils Cropped with grass. J 

Sci. 65 : 135- 138. 
. Agric. 

Sambya 1, J. S. and Sharma , P.O. (I 986). Characterisation of 

some lower Himalayan eroded forest soils. J. Indian, Soc. 
Soil Sci. 34: 142-51. 

Sa tyanarayan I K. V • S. and 

chemical composition 

Indian Soc. Soil Sci. 

Thomas, P. K. (I 962). Studies 

of laterite soils profiles. 
10: 211-222. 

on 
J. 

satyavathi, P. L. A.; Sharma, J. P. and Srivastava, R. (1994). 

Contribution of soil organic matter, clay and silt to the 

Cation Exchange Capacity of soil. J. Indian Soc. Soil Sci. 
42 :14-17. 

Sawili, A. and Chahal, O.S. (1986). Potassium Release in 

Alluvial soils. J . Indian Soc. Soil Sci. 34(4) : 757-61. 

S C and Singh, K.S. (1982). Pedo-chemical Saxena, ., , 
characterisation of sOlIs of Rajstan (semiarid to humid 

agro-climatic region). J. Indian Soc. Soil Sci. 30 

515-522. 

, M G.; Schreier, H. and Shah, P.B. (993). Factors 
schmIdt f • , the nutrient status of Forest sites in a 

affectIng , S' 44 hed J of S01.l Cl. : 417-425. 
mountain waters . . 

S J (1 968). Mechanism of '1 Smith, ., SOl dnd tt A.D. 
SCD' 'release 

potaSSIum 
by drying. Soil Sci. Soc. Am. Proc. 32 

443- 4 .11 . 

"nd Tavernier, R. (1985). Morphology, 
S 5 C. d '. 

J .L.; Y t .'. tion of two domInant SOlIs of the 
S tgdl, 15S1fIca 

e J sis and c a humid region of the central 
Gene te and , 

termper a , . soil SCl.. 33: 846-57. 
warm J Indl a/1 Soc. 

as. . 
Hirn a1aY 



xv 

Sharma, V. K. and Minhas, M. K. (991). Potassium Adsorption 

Kinetics in soils differing in clay contact and 
mineralogy. J. of Pot. Res 7(3) : 176-81. 

Sharma, o.P. and Dubey, D.D. (988). Potassium status of 

vertisols and associated soils in a' toposequence. J. 

Indian Soc. Soil. Sci. 36 : 363-366. 

Sharma, P.K.; Sehgal, J.t.; Saggar, S. and Chandi, K.S (986). 

Soils of the Kandi Area in Punjab and their suitability 

for land use. J. Indian Soc. Soil Sci. 34 : 133-41. 

Sharma, S.P. and Tripathy, B.R, (989). 

requirement of Acid soils of India. J. 

Sci. 37 : 363-370. 

Studies on lime 

Indian Soc. Soil 

R.t. (994) • Sharma, S.S.; Totawat, K.t. and Shyampura, 

Characterisation and classification of soils in a 
Toposequence over Basaltic terrain. National Seminar on 

Development in Soil Sci. pp. 543-45. 

Sharma V.K. and Shekhar, G.S. (1992). Soil-plant K 

relationship in six soil series deffering in K-status 

h C!hort - term absor.pt ion studies wi th sorghum. J. throug ~. . 

d ' Soc Soil Sci. 40: 317-320. In lan .. 

P D' Singh I S.P. and Minhas, R.S S P . Sharma, .., 
Sharma I .., f S ' 11 

Ch racterisationn 0 oan r.lver va ey soils in 
(1993). a 

, l'k of Himachal Pradesh - I - Hill soils. J. 
lower Sh.lwa .1 

Indian Soc . 
Soil Sci. 41(4): 714-719. 

. Sharma, P.D. ; Singh, S .. P. and Minhas, R.S. 
Sharma, S.P. I isation of Soan R.lver Valley soils in 

) Character 
(19 94 . , f Himachal Pradesh - 11- Piedmont Plain 

Sh.l'wal 1ks a 
lower Soil Sci. 42 105-110. 

J I ndian Soc. 
soilS. . 



xvi 

Shrikanta, Deshmukh, N and Bapat, M.V. (1993) • 
Characterisation, classification of soils in relation to 

different parent rocks and land forms. J. Indian Soc. 
Soil Sci. 41(2) : 326-330. 

Shrivastava , A.K. and Shrivastav, O.P. (1992). Distribution 

of various' forms of potassium in salt affected soils and 

changes after reclamation. J. of Pot. Res. 8(1) : 31-37. 

Shyampura, R.L. i Giri, J.D.; Das, K. and Singh, S.K. (1994). 

Soil-Physiographic relationship on a Transect in Southern 

Rajsthan. J. Indian Soc. Soil Sci. 42: 622-625. 

Sindhu, P.S. and Dhillon, S.K. (1985). Mineralogy of Potassium 

in some Typical soils of Punjab. J. Pot. Res. Vol. 1 : 

17-27. 

Singh, B.P., Singh, M. and shukla, V.C. (983). Forms of 

potassim in some soils of different agro-climatic regions 

of eastern Hariyana. ~T. Indian Soc. Soil Sci. 31(1) 

31-37 .. 

. K' Bhandari, A.R. and Tomar, K.P. (1991). Morphology 
S 1 ngh , ., . ' 

. d classification of some sOlIs of North-West GeneSIS an . ' 
J Indian Soc. SOll. SC1. 39(1) : 139-146. Himalayas. . 

M' h 5 R S and Tomar, K.D. . In a, ., 
Singh, K. I and classification 

Characterization, '. 
. 1'k soils in different physIographIc 

Mid-Sh1wa 1 
. Soil Sci. 38 : 474-480. 

Indlan Soc. 

(1990 ) 

of some 

units. J. 

h M and Singh, R. (1985) 0 Forms of soil 
P 0 G ing I 0 

singh, Y .. : . Westeern part of Hariyana. J. Indian Soc. 
potaSSlum In 

. 33' 284-91. 
soil Sel. . 



xvii 

Singh, R.S. and chamuah, G.S. (1991). Morphology· and 

characteristics of some soils on different land forms in 

Kamrup district of Assam. J. Indian Soc. Soil Sci. 39 : 
209-11. 

Singh, a.p. and Datta, B. (1983). Characteristics of some Hill 

soils of Mizoram in relation to altitude. ,T. Indian S oc. 
Soil Sci. 31 : 657-61. 

Singh I G. R. and Prakash, Om. (1985). Character ist ics and 

erodibility of some hill soils in U.P under varying land 

use, slope and terracing condition. J. Indian Soc. Soil 

Sci. 33 : 858-64. 

Singh, N.T. and Verma, K.S. (1978) . Effect of soil texture 

and grass cover in soil erosion in Foot-Hill soils of 
Punjab. J. Indian Soc. Soil Sci. 26 : 12-16. 

Sjngh, a.p. and Datta, B. (1980). Organic carbon and Nitrogen 

status of some soils of Nizoram occuring at different 

altitudes. J. Indidn Soc. Soil Sci. 36: 414-420. 

Sinha, S.D.; Verma, R.D. and Lall, A.B. (1962). A study of the 

morphology of some red soil~ of Ranchi in relation to the 

Indian Soc. Soil Sci. 10 : topography of the land. J. 

35-38. 

spurr, A.M.M. 
the mobzi 

(1954). Notes on the 

area, Malyadist. 

formation of laterite in 

Record of God. Survey, 

Tanganyika. ] : 30. 

. Kar, 
srirajual, M.D., 

Efficiellcy of 

determination in 
Indian Soc. Soil 

N. K. ; Nusa, A.M. and Eaqllb, H. (994). 

f 1t met ~ods of potassium di t erel J 

I -ted soils of Bangladesh. J. 
some se ec 

. 42' 408-413. 
SCl. • 



xviii 

SubaRao, A. and Sekhar, G.S. (1990). Variability in potassium 

status of soil developed on different parent materials. 
J. Indian Soc. Soil Sci. 38: 206-212. 

Swarup, A. and Singh, K.N. (1987). Movement of potassium in a 

sodic soil profile as influenced by long term use of 

inorganic fertilizer under Rice-wheat relation. J. Indi{1n 
Soc. Soil Sci. 35 : 253-56. 

Tabatbai, M.A. and J.J.Hanway (1969). 

power of Iowa soils at their 

exchangeable K. Soil Scl. Soc. Am. 

Potassium Supplying 

minimal levels of 

Proc. 33Cl} : 104. 

Ta1ete, P.E.; Zende, G.K.; Pati1, Y.M. and Sonar, K.R. Cl992}. 

various forms of potassium in soils of Moharastra 

occuring under different Agro-climatic zones. J. of Pot. 

Research. 8(2) : 113- 120. 

Tamhane, R.V. and Namjashi, N.G. (1959). A comparative study 

of black soils found from different parent rocks. J. 

Indian Soc. Soil Sci. 7 : 49-63. 

. J G and Taeth, R. C. (1975). Genesis of a Mediterranean Tarzl, .. 
red soil. Soil Sci. 120(4) : 273. 

Zende, G.K. i Patil, Y.M. i 
T le le P.E.; 

e , . D (1993). Effect of added 
Sonar, K R d . . an 
K and incubation Tambol 1 , B •• 

time of transformation of available and non-exch. K. in 
of Hoharastra. J. Indian Soc. Soil Sci. 41: 

diff. soils 

t N' GllahI'Il, S.K. and Singh, M. (1989) 
K • sinCjI, ., . . . • 

tja R .. I t and mineraloglcal compOSItIon of some TeWiJ , . conten 
potaSSIum soilS. J. Indian Soc. Soil Sci, 37 

Jt affected sa ' 



xix 

Tiwary,. S.N. 
vindhyan 

Res. 10 

and Ram. P. (~976). Potassium status of some 
soils of Delhi, Nirzapur (U.P)·. Indian J. Agric. 
.. 25-31. 

Tiwary, J .R.; Jha, P.P. and Mishra, B.B. Cl989). 

Characteristics and classification of Red, Black and 

yel1aw soils of Rajmahal traps of Bihar. J. Indian Soc. 
Soil Sci. 37 : 518-523. 

Vander Merwe, C.R. and Heystek, H.{1952). clay minerals of 

south African soil groups-I. laterite and related soils. 
Soil Sci. 74 : 383-401. 

Venkatesh, M.S. and Satyanarayan, T. (1994). Potash reserve in 

particle size fractions of vertisols. J. Indian Soc. Soil 
Sci. 42: 233-236. 

Venkatesh, M.S. and Satyanarayan, T. (1994). Status and 
distr ibution of potassium in vertisols of north karnatak. 
J. Indian Soc. Soil Sci. 42 : 229-33. 

Venugopal, V.K. and Koshy, M.M. (1985). Morphology and 

particle size distribution in the soil profile from a 

catena in kerala. Agri1. Res. Journal of Kera1a. 13 Cl) : 

9-16. 

O P and Verma, Verma, . 
potassium in soils 

G. P. (1968). Studies on avai lable 

of Madhya Pradesh. J. Indian Soc. Soil 

. 16' 61-64. Se.I. . 

c.s. Walia, 
and Chamuah, G.S. 

, and suitahility 
'fiC'atl on 

clasS] - '. J. Indian Soc. 
foot hill sOlIS. 

(1990) . 

tor land 

Soil Sci. 

characteristics 
lise planning of 

36 : 286-292. 

E (1940). 
Turk. E.'· 

The adsorption of 

forms. Soil Sci. Wood, L.K. and De J1 exchangeable 
, . i 1 in no -

PotasSlum In 50 161 
5 : 152- . 

Soc. Am. Proc. 



xx 

Walia, C.s. and chamuah,G.S (1994). Soils of riverine plain in 
Arunachal Pradesh and their suitability for some 

Agricultural crops. J. Indian Soc. Soil Sci. 42 

425-429. 

Wu, F.C. and Ding, J.X. (1992). Analysis of soil in wulingyuan 

nature reserve. Acta scientiarum Naturalium Universitatis 

Normalis Hunanensis 15 (14) : 371-373 . . Soi1s and Fert. 

(1993) 56(10) : 1211. 

Yadav, J.S.P. and Banerjee, S.P. (19Q8). Water stable 

Aggregates in a Forest soil of West Dehradun Division. J. 

Indian Soc. Sci1 Sci. 16 : 31-35. 

Yadav. B.S. and swami, B.N. (1988). Effect of potassium 

fertilizer on dry matter yield and compositon and up take 

of nutrient by maize and change to soil potassium on 

cropping. J. Indian Soc Soil Sci. 36 : 739-742. 

Zinde , N.A. (1987). Soils of Nagaland in relation to 

physiographY, their characteristics and classification. 

J. Indian Soc. Soil Sci. 35 : 706-11. 

d Furley, P.A. (1975). The Nature and formation of a 
zouz ou an . ' 

q uence of arld Salls over the terraces of Bal1ick 
Topos e ." 
river, Nothern syrl a . UnVl verSl ty of Edinburgh, Deptt. of 

ReS paper. 7 : 57, Geo. Abs. 76/1 : 305. 
Agro . . 


