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Introduction

Soils are vital natural resources and considered as an

integral part of the landscape. Maintaining soil in a state of

high productivity and its rational use according to its

potentiality on sustainable basis is indispensable in meeting

the basic needs of life. The sustainable use of soil resource

requires an extensive knowledge about its genesis,

morphology and other properties. The scientific study of

morphology and taxonomy of soils provides information on

nature and type of soils, their constraints, potentials,

capabilities and their suitability for various uses (Sehgal,

1994), and also to make the transfer of agro-technology

easier among different locations belonging to same agro-

ecological regions (Najar ., 2009). Hilly areas of Jammu

and Kashmir state are prone to soil degradation and pose

several problems for agricultural productivity. The diverse

agro-climatic zones of Jammu & Kashmir state offers

favourable agro-ecological potential for fruits like apple,

pear, peach, almond etc. (Dar 2012). However, the crop

production and soil managements greatly differ with kind of

soil and their physico-chemical behaviour (Sharma .,

2004). The most important soil considerations for pear fruit

crop production are table (soil-depth) and water drainage. It

is of particular significance for plant diversity that

pedogenesis results in predictable changes in nutrient

availability, water and temperature regimes that are

consistent across ecosystems developing under different
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Reconnaissance soil survey of Pulwama district was carried out for morpho-genetic and

diagnostic characterization and classification of soils of Kashmir. Six typical pedons representing

major pear growing orchards from three different established physiographic zones viz., high, mid

and low altitudes were studied. Soil samples collected from pedogenic horizons were analyzed

thoroughly for various morphological and physico-chemical properties. Morphological properties

of soils revealed moderately deep to deep profiles, mostly light yellowish brown to dark brown in

colour, medium moderate angular blocky to sub-angular blocky structure, varying consistency

and predominant silt loam and occasional clay loam texture. Soils were slightly acidic to

moderately alkaline in reaction, electrical conductivity was less than unity and low to high in

organic carbon content. The cation exchange capacity (CEC) values were moderate (13.40 to

17.03 cmol (p+) kg-1). Analysis of soil revealed that exchange sites of soils were dominated by

exchangeable calcium followed by magnesium, potassium and sodium ranging from 6.70 to 9.90,

1.82 to 2.97, 0.48 to 0.95 and 0.07 to 0.015 cmol kg , respectively, with significantly high base

saturation (BS%) ranging from 78.31 to 83.29% across the pedons. It can be concluded that pear

growing soils in the Pulwama district in Kashmir are classified under the soil orders viz-

Inceptisols and Alfisols as per USDA system of soil taxonomy.
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climates and on various parent materials (Peltzer, 2010). An

in-depth study of soil characteristics and classification will

provide baseline information on the physical, chemical and

mineralogical properties of the soil.

A thorough and proper understanding of

morphological and physico-chemical characteristics of soil

gives greater insight of the dynamics of the soil. Despite

increase in the study of physico-chemical characterization of

certain soils within state of Jammu and Kashmir (Wani .,

2009; Kirmani 2013) during the past few decades, but

little information is available on the impact of these changes

on the diverse soils of the region. Several fruit orchards have

been studied in Kashmir valley to characterize and evaluate

the soils used for the cultivation of different fruit crops in

order to identify the parameters that affect the yield most

(Najar 2009).The upland soils perhaps require different

emphases in conceptual approach and scientific analysis than

the modal lowland profile. However, a comprehensive

information with regard to the impact of physiographic as

well as soil forming features on morphology and physico-

chemical properties of pear growing soil resources is scanty.

Therefore, present study was under taken to study the

pathways for morpho-genetic classification and diagnostic

characterization of soil resources in pear orchards under

temperate climate of inner fragile Kashmir Himalayas.

The study area i.e., Pulwama district situated between

the geographical coordinates of 33º37' to 34º 06' N Latitude

and 74º33' to 75º14' E Longitude and 1500 to 2000 m amsl

altitude is bounded by Srinagar in the North, Budgam and

Poonch in the West and Anantnag in the south. The area

experiences typical sub-humid temperate climate and

qualifies for udic moisture regime dominantly and mesic or

warmer temperature regime. The physiography is highly

uneven characterized by moderately steep to very steep

slopes in upper reaches, moderately undulated at mid

elevated plateaus (Karewas) and flat to moderately sloping

land under cultivation and near habitation. Cultivation of

fruit crops predominantly apple, pear and almond is practised

in bench/level terraces and contour landforms.

A general reconnaissance of the study area was

undertaken and during the course of traversing the soil map of

Jammu and Kashmir prepared by NBSS & LUP (Sehgal,

1994) was used. Total six representative soil profiles (Map-1)

located in pear ( , “William Bartlet”)

orchards were selected from three different physiographic

altitudes and sampling sites were recorded by GPS for

studying the soil profile properties in detail and to classify

soils as per Soil Survey Manual (Soil Survey Staff, 2014).

Detailed morphological characteristics of these six
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Pyrus Communis

Materials and Methods

representative pedons were recorded during the

description for each horizon of the exposed profile, as per

procedure outlined in Field Guide for Soil Survey (Natarajan

and Sarkar, 2009). The soil samples representing horizon of

each pedons were collected and were air dried, grounded and

passed through a 2 mm sieve before characterization for

various physico-chemical properties using standard

procedures. The soil organic carbon (OC) was analyzed by

chromic acid wet oxidation method (Walkley and Black,

1934). Calcium carbonate content was estimated by Back

titration method (Piper, 1966) and pH, Electrical

conductivity (EC) was measured as described by Tandon

(1993). Cation exchange capacity (CEC) was determined by

Schollenberger and Simon (1945) method. International

pipette method was used for determination of soil texture.

The exchangeable cations were extracted with neutral normal

ammonium acetate. Potassium and sodium were determined

by flame photometer, while calcium and magnesium were

determined by AAS procedure as suggested by Hesse (1972).

: The selected sites showed heterogeneity

in characteristic features like apparent soil colour,

topography, altitude and aspect. Variation in elevation

ranged from 1591 to 1818 m. amsl at the pear orchard studied

pedon sites (Table 1). Pedons P and P located at high altitude

were developed on low hill plateau landform, whereas pedon

P and P , P located at mid and low altitude, respectively,

were developed on low hill plateau except for P developed in

the inland valley type of landforms. The slope ranges from

near level to very gentle with slope gradient from 0 to 1 % in

pedons of P and P and 1 to 3 % in rest other four pedons. The

selected profiles were found to be located in Northern (P , P

and P ) and Southern (P and P ) aspect, except P which had a

South-east aspect. The natural vegetation in the studied

profile areas included apple, pear, almond, cherry, mulberry,

willow, popular, kikar, shrubs, herbs, grasses, weeds etc.

: Among the six pedons

studied, the pedons P P and P are deep, whereas the soil of

P P and P were moderately deep. Pedon P had well

developed structural Bt (Argillic) horizon, whereas pedons

P , P P and P had thick Ap and structural B (Cambic)

horizon. The pedon P with predominately A, BC and C

pedogenic horizons indicated progressive development of

soil profile. Thin patchy clay argillans in the subsurface

horizons visible on ped faces of pedon P and P might be the

result of lessivage of clay in near level terraced orchards. All

the six pedons studied were characterized by 10YR as

common hue of soil matrix with some variation in values

ranging from 4 to 6 and chromas 2 to 6 (Table 2). The colour

(moist) value and chroma of surface soil horizons of pedon P

and P varied from dark greyish brown (10YR 4/3) to dark

in–situ

Results and Discussion
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Soil morphological characteristics
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Table 1 :

Profile No. Elevation Topography Slope (%) Aspect Latitude and Natural vegetation

Location (m amsl) (Land form) Longitude

HIGH ALTITUDE (>1800 m  amsl)    a*

P Perigam

P Khrew

MID ALTITUDE (1600-1800 m  amsl)

P Chakora

P Urcherso

LOW ALTITUDE (<1600 m  amsl)

P Pampore

P Pahu

Soil site characteristics of pear growing areas of Pulwama district in Jammu and Kashmir

1818 Near level 0-1 Northern 3358 .0822 N Almond, Pear, Willow, kikar, Salix, shrubs,

(Low Hill Plateau) 7456 .4532 E Deciduous grasslands, Weeds

1806 Very gentle sloping 1-3 Northern 3404 .0982 N Almond, Apple, Pear, Kikar, Willow, poplar,

(Low Hill Plateau) 7500o.2862 E shrubs, Deciduous grasslands, Weeds

1624 Very gentle sloping 1-3 Southern-east 3351 .1822 N Apple, Almond, Plum, Pear, Willow, kikar,

(Low Hill Plateau) 7501 .0982 E shrubs,

1610 Very gentle sloping 1-3 Southern 3355 .1662 N Almond, Pear, Apple, willow, Walnut, rose,

(Inland Valley) 7456 .3422 E shrubs, Deciduous grasslands and Weeds

1596 Very gentle sloping 1-3 Northern 3410 .6902 N Almond, Apple, Pear, Saffron, Poplar, Walnut,

(Low Hill Plateau) 7451 .2342 E Salix, shrubs, Deciduous grasslands and Weeds

1591 Near level 0-1 Southern 3358 .0822 N Almond, Pear, Willow, kikar, Salix, shrubs,

(Low Hill Plateau) 7456 .4532 E Deciduous grasslands, weeds

1

2

3

4

5

6

o

o

o

o

o

o

o

o

o

o

o

Cynadon dactylon, Cypress rotundus

Table 2

Pedon No. Hori- Depth Colour Tex- Structure Consistence Boundary Efferve Cutans

Location zon (cm) Moist ture S G T D M W Dist. T scence

HIGH ALTITUDE (>1800 m amsl)  a*

P Perigam

P Khrew - -

MID ALTITUDE (1600-1800 m amsl)

P Chakoora - -

P Urcherso - -

- -

LOW ALTITUDE (<1600 m amsl)

P Pampore - -

P Pahu - -

a* Footnotes:

: Morpho-metric characteristics of soil profiles of pear orchards in Jammu and Kashmir

Ap 0-20 10YR 4/3 Sil f 1 sbk sh sfi so g s - -

BA 20-36 10YR 4/4 Cl m 2 sbk h sfi s p g i - -

Bt1 36-63 10YR 5/6 Cl m 2 abk h fi vs g i e tn p

Bt2 63-100 10YR 5/6 Cl c 3 abk h vfi vs p c s e tn p

Ap 0-20 10YR 4/2 Sil m 2 abk sh fr wso g w

AB 20-48 10YR 5/3 Sil c 2 sbk h fi ss p c s - -

BW1 48-82 10YR 4/4 Sil c 2 abk h fi ss p c s - -

BW2 80-110 10YR 5/4 Sil c 2 abk vh vfi s p c s e

Ap 0-25 10YR 5/4 Sil f 1 gr l fr so c s

BW1 25-48 10 YR 4/4 Sil m 2 abk sh fr so c s - -

BW2 48-84 10YR 4/4 Sil m 2 sbk sh fr ss sp c s e -

BW3 72-118 10YR 4/4 Sil m 2 abk sh fr ss sp - - e -

Ap 0-25 10YR 6/4 Sil m 1 gr sh fr so po c s

AB 25-64 10YR 5/6 Sil m 1 gr h fr so po c s

BW1 64-83 10YR 4/4 Sil m 2 sbk h fi ss sp c s e tn p

BW2 90-110 10YR 5/4 Sil m 2 sbk h fi ss p - - e -

Ap 0-24 10 YR 4/4 l f 1 gr l fr so p c s

B 24-43 10 YR 4/3 l m 2 abk sh fi ss sp g s - -

BC 43-70 10 YR 4/4 l m 2 sbk sh fr ss sp g s e -

C 72-100 10YR 5/3 Sl f 1 sbk sh sfi ss g s e -

Ap 0-17 10 YR 4/3 Sil m 2 sbk sh fr so po c s

BW1 17-40 10 YR 4/3 Sil m 2 sbk h fi ss sp c s - -

BW2 40-68 10 YR 5/4 Cl m 2 abk vh fi s p c s e -

BC 68-90 10 YR 5/3 Cl m 2 abk vh fi s p - - e

Symbols used are according to Soil Survey Manual (Soil Survey Staff, 2014); m = meters, amsl = above mean sea level; YR = yellow red, l = loam, cl =

clay loam, sl = sandy loam, sil = silty loam, Sicl = silt clay loam, flabk = fine weak angular blocky, mlabk = medium weak angular blocky, m2abk = medium moderate

angular blocky, m3abk = medium strong angular blocky, m1sbk = medium weak sub-angular blocky, mmsbk medium moderate angular blocky, sh = slightly hard, h =

hard, fr = friable, vfi = very firm, fi = firm, s p = sticky and plastic, ss sp = slightly sticky and slightly plastic, so = non-sticky, so po = non-sticky and non-plastic, c = clear, g

= gradual, s = smooth, i = irregular, tn =thin, p = patches

1

2

3

4

5

6
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brown (10YR 4/2), while on the surface pedogenic horizons

of P , P (mid) and P , P (low) altitude pedons the colour

varied from yellowish brown/light yellowish brown (10YR

5/4) to dark brown (10YR 4/3). On the sub-surface horizons

of high altitude pedons the colour varied from yellowish

brown (10YR 5/4) to brown (10YR 5/3), while on the sub-

surface horizons of mid and low altitude pedons the colour

varied from dark brown (10YR 4/3) to dark yellowish

brown/yellowish brown (10YR 5/4). Dark colour of the

surface soil horizon might be due to presence of high soil

organic carbon content and down the profile it could be

attributed to clay illuviation. The various shades in surface

and sub-surface horizons of profiles indicated a good

drainage condition of the soils (Mahajan 2007), and

might be ascribed to difference in soil organic matter,

topographic position and geographical location (Sawhney

., 2005; Naidu and Sireesha, 2013). Overall, determination

of colour, higher and indicates absence of soil

moisture. This can be explained by the fact that light

reflection and purity of spectral colour increases when soil is

dry resulting in higher and of soil colour

3 4 5 6

et al.,

et

al

value chroma

chroma value

(Mahajan ., 2007). Texture of P varied from silt loam, to

clay loam whereas at P , P and P it remained silt loam

throughout depth. At low altitude pedons P the texture varied

from loam to sandy loam and at P silt loam to clay loam

predominated. In all the studied pedons with increase in

elevation and slope gradient, the proportion of total sand

content was high, which might be due to translocation of clay

or removal of finer fractions of soil by eluviation or surface

erosion due to high rainfall in these zones. Similar findings

were earlier reported by Mahapatra (2000); Wani .

(2009) for soils of Kashmir valley. The heterogeneous nature

of parent material and topographical differences resulted in

textural variations of the pedons. The structure of high

altitude pedons (P and P ) was fine weak to medium

moderate coarse angular blocky to sub-angular blocky,

whereas mid and low altitude pedons exhibited fine weak,

granular and medium moderate angular blocky to sub-

angular blocky structures throughout and might be attributed

to continuous soil manipulation and regular addition of soil

organic matter (Sharma ., 2004). Repeated increased

wetting and drying cycles showed a well developed sub-

et al

et al. et al

et al

1

2 3 4
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Table 3 :

Profile No. Hor- Depth pH EC OC CaCO CEC Echangeable cations(cmol(p ) kg soil)

izon (cm) (1:2.5) (dSm ) (%) (%) (cmol (p ) Ca Mg K Na BS

(kg soil) (%)

HIGH ALTITUDE (>1800 m amsl) a*

P1Perigam

P2 Khrew

MID ALTITUDE (1600-1800 m amsl)

P3 Chakora

P4 Urcherso

LOW ALTITUDE (<1600 m amsl)

P5

P6

Physico-chemical properties of soil profiles of pear orchards in Jammu and Kashmir

Ap 0-20 6.80 0.17 1.18 0.10 14.32 8.02 2.58 0.76 0.10 80.03

BA 20-36 6.69 0.24 0.90 1.0 15.68 9.34 2.86 0.70 0.08 82.78

Bt1 36-63 7.12 0.21 0.58 2.62 16.84 9.85 2.97 0.95 0.14 82.60

Bt2 63-100 7.75 0.30 0.27 2.36 17.03 9.87 2.88 0.90 0.12 80.86

Ap 0-20 6.70 0.20 1.20 0.12 12.08 6.70 2.24 0.74 0.12 81.13

AB 20-48 7.40 0.22 0.76 0.26 13.62 7.32 2.68 0.66 0.09 78.93

BW1 48-82 7.72 0.28 0.40 1.52 14.30 8.27 2.82 0.58 0.07 82.10

BW2 80-110 7.95 0.26 0.25 2.75 14.42 8.48 2.75 0.70 0.08 83.29

Ap 0-25 7.40 0.28 0.92 0.20 13.54 7.84 2.00 0.76 0.14 79.32

BW1 25-48 7.72 0.34 0.78 1.76 14.20 8.68 1.82 0.68 0.12 79.58

BW2 48-84 7.90 0.38 0.38 3.70 14.60 9.05 1.93 0.64 0.09 80.20

BW3 72-118 8.10 0.40 0.15 3.58 14.66 8.90 2.06 0.65 0.10 79.88

Ap 0-25 7.02 0.28 0.96 0.76 13.28 7.42 2.17 0.68 0.13 78.31

AB 25-64 7.48 0.37 0.70 3.30 14.31 8.62 2.04 0.61 0.10 79.45

BW1 64-83 7.82 0.43 0.25 3.50 14.53 9.02 1.97 0.58 0.08 80.18

BW2 90-110 8.13 0.40 0.10 3.00 14.62 8.95 2.11 0.56 0.09 80.09

Ap 0-17 7.44 0.27 0.90 0.18 13.65 7.80 2.28 0.60 0.15 79.34

BW1 17-40 7.80 0.38 0.87 1.10 15.02 9.35 2.07 0.56 0.10 80.43

BW2 40-68 8.15 0.45 0.26 2.60 16.00 9.87 2.45 0.68 0.12 82.00

BC 68-90 8.22 0.42 0.15 2.40 13.40 7.85 2.28 0.51 0.07 79.92

Ap 0-24 7.32 0.33 1.03 0.12 14.02 7.89 2.48 0.60 0.14 79.24

B 24-43 7.64 0.38 0.81 0.24 14.65 8.67 2.40 0.56 0.09 80.00

BC 43-70 8.12 0.50 0.35 2.12 16.18 9.91 2.63 0.48 0.11 81.14

C 72-100 8.30 0.56 0.20 3.20 17.02 9.88 2.87 0.68 0.09 79.43

3
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angular blocky structure in sub-surface horizons (Verma

2012). The soil structure in general was more developed

in sub-surface horizons as compared to surface horizons. The

increase in hardness and development of sub-angular blocky

and angular blocky structure with depth might be attributed to

increase in clay fraction and compaction (Sidhu and Surya,

2014). The consistency of pedons varied from slightly hard to

hard/very hard when dry; friable to firm/very firm when

moist and slightly sticky/ slightly plastic and plastic to sticky

but non-plastic when wet in pedons (P and P ) of kandi zone

(Table 2). In transitional and low zone pedons, under varying

moisture conditions consistency varied from loose to slightly

hard/hard, friable to slightly firm/firm and slightly

sticky/slightly plastic or sticky but non-plastic to non-sticky

and sticky and plastic consistency may be attributed to

variations in high organic carbon/matter, continuous

manipulation and less amount of clay (Rao 2008). The

boundary between the horizons was clear, gradual to smooth,

wavy or irregular in almost all the pedogenic surface and sub-

surface horizons. A slight effervescence in sub-surface

(lowermost) horizons in high, mid and low altitude pedons

might be due to deposition of calcium carbonate leached from

the surface horizons or calcareous nature of parent material.

Similar results were earlier reported by Dar (2012) for

the soils of Jammu and Kashmir. The absence of mottles in

the studied pedons indicates either the presence of

groundwater at lower depths or well drained soils.

: In general, soils

exhibited slightly acidic to slightly alkaline in reaction. Data

in Table 3 revealed increasing trend with depth in pH of

pedons from 6.80 to 7.75 (P ), 6.70 to 7.95 (P ) in high, from

7.40 to 8.10 (P ), 7.02 to 8.13 (P ) in mid, 7.44 to 8.22 (P ),

et

al.,

et al.,

et al.

1 2

1 2

3 4 5

Soil physico-chemical characteristics

7.32 to 8.30 (P ) in low altitude pedons respectively. Pedons,

located at high altitude showed lower pH values than mid and

low altitude pedons. The decreasing trend might be primarily

on account of decrease in organic matter/ rainfall distribution

or leaching of soluble bases down the soil profile. Similar

findings were observed by Rajeswar and Khan (2008) and

Dar (2012).Electrical conductivity of pedons located at

high altitude showed comparatively lower value than mid and

low altitude pedons at both surface and sub-surface horizons,

and was found to be well below unity in all the pedons.

Irregular trend of EC with soil depth within the profile is in

accordance with the findings of Verma (2012). Organic

carbon content of pedons located in high, mid and low

altitude ranged from 0.25 to 1.20, 0.10 to 0.96 and 0.15 to

1.03 %, respectively. The preservation of higher values of

organic carbon content in surface horizons of pedons might

be ascribed to continuous organic manuring and addition of

organic matter through vegetation, recycling of organic

matter, because of crop residues remaining in soil surface and

low mineralization rates due to low temperature for most

period of the year. Similar results were earlier recorded by

Dar . (2012).

Calcium carbonate showed an erratic trend with depth

within the profile. Higher amounts recorded in sub-surface

horizons than surface horizons, especially in mid altitude

pedons might be due to leaching of soluble salts, presence of

free calcium and calcareous nature of these soils. Field

determination of carbonates with 10% HCl also confirmed

that there was no appreciable audible and/or visible

effervescence, especially in surface horizons with slight

effervescence in sub-surface horizons. The results are in

agreement with the finding of Mahapatra (2000); Sidhu

6

et al.

et al.

et al

et al.

Pedological features of orchard soils

Fig. 1 : Showing profile locations of Pulwama District in Jammu and Kashmir
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and Surya (2014) for soils in Kashmir valley. Cation

exchange capacity (CEC) in high, mid and low altitude

profiles varied from 12.08 to 17.03, 13.28 to 14.66 and 13.40

to 17.02 cmol (p ) kg . CEC showed an increasing trend with

depth within the soil profile resulting from low active illitic

and kaolinitic mineral dominance (Sitangang 2006;

Rao 2008). Except pedon P all other pedons observed a

regular increasing trend in CEC with depth. The analytical

values of exchangeable bases in Table 3 reveals that

concentration of calcium was dominant exchangeable cation

in all the pedons accounting for more than 70 % of

exchangeable bases followed by magnesium, potassium and

sodium in the exchange complex. The abundance in

decreasing order of exchangeable bases was Ca >Mg >K >

Na . The exchangeable calcium, magnesium and potassium

showed an irregular trend with increase in soil depth within

the profile, except in pedons P1, P2 P3, P4 and P6 where

exchangeable calcium exhibited an increasing trend. Mid

altitude pedons (P3 and P4) observed higher calcium content

due calcareous nature of the parent material than high and

low altitude pedons. Irregular trend may result from root

distribution of principle crops and prevalence of weathering

of clay minerals. Similar results were also reported by Naidu

and Sireesha, (2013). Maximum exchangeable magnesium

was recorded at high attitude profiles followed by low and

mid altitude profiles in the range of 2.24 to 2.97, 2.07 to 2.87

and 1.82 to 2.17 cmol (p ) kg , whereas the range of

exchangeable potassium in high, mid and low altitude pedons

was found to be 0.58 to 0.95, 0.56 to 0.76 and 0.48 to 0.68

cmol (p ) kg ,respectively as shown in Table 3. However, the

exchangeable sodium was maximum in low altitude pedons

followed by mid and high altitude pedons. All the studied

pedons showed an irregular trend in base saturation with

increase in depth. Slightly higher base saturation in high

altitude followed by low and mid altitude pedons with the

values ranging from 78.93 to 83.329, 78.31 to 80.20 and

79.24 to 82.00 %, could be attributed to leaching of easily

soluble salts or bases and subsequent illuviation at lower

horizons. These results are in consistent with the findings of

Rajeswar and Khan (2008) and Sidhu and Surya, (2014).

Overall, the base saturation of soils high (> 60%) to be

considered as fertile soil (Landon, 1991), is related to the

basic nature of soils developed from basaltic parent materials

(Table 4). As base saturation indicates the degree of leaching

of basic cations, the studied pedons were weakly leached

soils (70-80% BS), based on the ratings set by Hazelton and

Murphy (2007).

: The man–made nearly levelled terraces carved

out of slopes in pedons located in these orchards seem to have

regulated infiltration or percolation of rain water

subsequently leading to translocation of clay colloids. This

might have resulted in more pedogenic profile development

+ -1

++ ++ +

+

+ -1

+ -1

et al.,

et al.,
5,

Soil genesis

in the table lands of Kashmir Himalayas like P Perigam (A-

Bt-C) with thick solum in contrast to low orchard pedons.

Both translocation of clay from the overlying horizons and

presence of clay cutans in subsurface horizons might have led

to the development of argillic horizons. Such argillic

subsurface horizons were earlier reported by Najar

(2009); Kirmani (2013) in soils of Karewa regions

developed on the Lacustrine origin of the Pleistocene and

post-Pleistocene deposits in Kashmir valley. Presence of

distinct altered B horizon (cambic) is the diagnostic feature of

most of the soil pedons studied. Low temperature during

winter reaching to freezing point due to heavy snowfall for

more than 2 months and as high temperature as 30 C in

summers has played a central role in regulating the

weathering reactions like hydrolysis and development of soil

structure in the profile. This alternate wetting and drying of

soils leads to continuous physico-chemical weathering

processes for pedogenic evolution of horizons. Calcareous

parent material causing alkaline pH combined with organic

carbon resulting from luxurious vegetative growth due to

rainfall in these soils seems to have significant impact on

profile development during the soil genesis (Sitangang

2006; Wani ., 2009). The soil forming factors of relief,

altitude, aspect and topography have made significant

contribution to the formation of structure in the solum.

Proliferation of deep and ramified tree roots to deeper

horizons, especially in mid and low altitude zones has

enhanced the process of physical weathering, improved

aeration, microbial activity, infiltration and water retention.

All these external soil forming factors/phenomenon have

resulted in addition and removal of organic matter, leaching

of bases, clay movement etc., thereby leading to pedogenic

evolution of horizons under these orchard soils.

: Based on the morphological and

physico-chemical properties of these soils, the six soil pedons

studied possessed the ochric surface horizon (epipedon).

Pedons P2, P3, P4, P5 and P6 possessed cambic sub-surface

horizon (endopedon), hence qualify for the order Inceptisols.

Because of the presence of udic moisture regime, these soil

pedons are classified for the suborder Udepts. Since all these

profiles have base saturation greater than 60 % at 25 cm

from sub-surface horizons are grouped for Eutrochrepts at

great group and Typic Eutrochrepts at sub-group hierarchical

level, respectively. Presence of argillic sub-surface horizon

(endopedon) enabled pedon P in high altitude to be qualified

for order Alfisols and due to the presence of udic moisture

regime, the soils of this order qualified for suborder Udalfs.

Base saturation (by NH OAc) greater than 60 percent at 25

cm from sub-surface horizons are grouped for Hapludalfs at

great group Typic Hapludalfs and at sub-group hierarchical

level, respectively. Similar findings were earlier reported by

Mahapatra (2000); Najar (2009); Kirmani .
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(2013) while working on the genesis and classification of

soils in Kashmir Valley.

A detailed information of the study area indicates

good relationship between physiography and soil

development. Soils under study wre classified in 2 orders viz,

Inceptisols, and Alfisols, 2 sub-orders viz, Udepts and

Udalfs, 2 sub-groups viz, Typic Eutrochrepts and Typic

Hapludalfs on the basis of variations observed in interaction

of several soil forming factors. This updated relevant soil

information creates a window that would guide on the

decision of soil use and management on a sustainable basis

ological

characteristics and clay mineralogy is important aspects of

soil for better understanding of soil genesis and electro-

chemical behaviour.
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