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A systematic and scientific appraisal of naturabreces, especially
soils is important and helpful to augment food mcitbn. Soil resource
inventory is, therefore, basic for rationalizinghdause according to its
potentiality. Since no two soils are alike and hthadr own potential and/or
problems and behave differently to management s;ygberefore, their use
as per their potential is imperative for sustairamriculture production.
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correlation coefficient with soil pH. The soils ariassified as Eutrochrepts,
Udorthents and Hapludafls, respectively. Nutrientexing for N, P and K,
too revealed that these soils are deficient in phosis and require
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CHAPTER -1
INTRODUCTION

Solil is the most precious natural resource. Manmgi soil in a state
of high productivity on sustainable basis is impattfor meeting the basic
needs of the people and livestock. It is partidylanportant in a country
like India, which is largely dependent on agrictdtuDuring the past few
decades, we have made significant strides to aehself-sufficiency in
food production. In order to meet the challenge iméreasing food
requirement for the ever increasing population emdaintain the quality
of the environment we live in, it is essential thitae soil and water
resources are used rationally and in a way so atoraffect adversely the

productivity and ensure to leave a better herifagéhe posterity.

A systematic and scientific appraisal of naturaorgses, especially
soils is important and helpful to augment food mcitbn. Soil resource
inventory is basic for rationalising land use aduog to its potentiality.
Since no two soils are alike and have their owrepiidl and/or problems
and behave differently to management inputs, tbeeeftheir use as per
their potential/capability is imperative for suskble agriculture

production.



The state of Jammu and Kashmir is located in thehnaestern
corner of India between 35 and 3705 N latitudes and 735 and 8620
E longitudes. It covers an area of 22.2 m ha aedwatds for 6.7 per cent of
total geographical area of the country (India). Bwerage height of the

valley (Kashmir) is 1,850 meters above sea levabf#/mous, 2008).

Saffron, the legendary crop of Kashmir, belongstlie family
irridaceae and genugrocus, of which about 80 species are so far known.
Its cultivation in the world extends through 0°BOlongitude (Spain to

Kashmir) and 30-4% latitude (Persia to England).

In India, most of the saffron production is limitéd the state of
Jammu and Kashmir, and is chiefly grown in theraitgt of Pulwama,

Budgam, Anantnag, Srinagar and Kishtwar (Mir, 1888 Zargar, 2001).

The total area under saffron cultivation in Iranreased almost four
fold during the last 12 years with a mean annuaiMgn rate of 22.4 per
cent. However, total saffron production during same period increased
2.8 times, with a mean annual growth rate of 13 fer cent (Anonymous,
2002). This trend was converse in India duringghast 10 to 15 years, as is
evident from the fact that till 1997-98 the totatea under saffron
cultivation in the valley was 5361 ha and the ahpuaduction output was

approximately 17 mt of dry yield while in 2002-0%ettotal cultivated area



was 2710 ha and the production was approximateigt Ghe decline in
cultivation area and production since 1997-98 ipdBcent and 64 per cent

respectively (Molafilabi, 1994; Zargar, 2001 andofigmous, 2008).

The valley of Kashmir is physio-graphically categed into high
altitude (Kandi), mid altitude (Karewa) and the la#itude (Valley basin).
Karewas are the flat-topped like features in Kashmir walled occur in the
districts of Baramulla, Budgam and Pulwama and h#dereloped on the
morainic deposits of Pleistocene glaciation. Treseformed from clay, silt
and sand of lacustrine origin. THéarewas are moderately to highly
dissected. The limited knowledge and under standinthese soils could

not be extended for their practical application prmper utilization.

The occurrence of diverse soil type due to vanmtioclimate, relief,
slope, aspect, parent material, temperature etaesséates their
characterization and systemic ordering — clasgiboa in order to
understand their potential and problems and to make of such
information for land resource management and alsonéke easier the
transfer of agro-technology among different locagidoelonging to same

agro-ecological zone/regions.

Clay is an important soil constituent that contrtdsproperties and

also influences its management and productivityv({@aet al., 1972).



Considering the influence of clay mineralogy on siod physico-chemical
behaviour, its quantitative and qualitative chasgzation can provide
important information for the improvement of soianagement practices.In
general, detailed mineralogical investigation aqagigate the most probable
fate of the plant nutrients added to a soil and amo support a better

understanding of the soil genesis and the eladtemnical behaviour.

Keeping in view, the declining productivity and guztion of
world’s spice (Saffron), the present investigatetitied “Characterization,
Classification and Nutrient Indexing of Saffron @ing Soils of District
Pulwama”, was under taken with following speciflyjexctives :

SN To characterize and classify the saffron growingssas per

soil taxonomy.

SN To investigate the mineralogical build up of saffrgrowing

soils.
%  To study the nutrient status of these soils.

SN To find out the relationship between soils chanasties and

available nutrients.



CHAPTER -2

REVIEW OF LITERATURE

The review of literature pertaining to the presemiestigation,
“Characterization, Classification and Nutrient Irohg of Saffron Growing
Soils of District Pulwama” has been broadly disegsander the following

headings:

2.1 Morphological characterization of soils
2.2  Physico-chemical characterization of soils
2.3 Mineralogical composition

2.4  Soil classification

2.5 Nutrient status of saffron soils

2.6 Relationship of available nutrients and some ingourt

physico-chemical properties

2.1  Morphological characterization of soils

The soils can best be evaluated from the in-siamemation of the
soil profiles. Soil description form the basis folassifying soils into
defined categories. It is, therefore imperativet tharecently excavated
profile, large enough for observation is studiedhe Tsoil profile study
begins with a demarcation of soil horizon boundarkeach horizon is then

carefully observed, studied and described in rdspet various



morphological characteristics, such as colour, ulext structure,
consistence, mottling, roots, pores, boundarypnatinodules and several
other features of the horizons of soil profilescasm be perceived in the
fields which signify the inherent characteristidssoil development during

soil genesis.

Shindeet al. (1984) studied some typical soils of lacustrinpatits
of Jammu and Kashmir and reported that the colbuhe soils were light
yellowish brown (10 YR 6/4D) to darker yellowisholn (10 YR 5/4D)
with clay loam to silty clay loam texture. The stiwre was found to be

moderately developed angular to sub-angular blocky.

Shinde and Talib (1984) studied saffron growingssof Pampore
and KishtwarKarewas, reported the rooting zone (2-75 cm) of thesés soi
were moderate to strong, coarse to medium, subantgubangular blocky in
structure varying from clayloam to silty clay loamtexture. According to
Pal and Deshpande (1987) two pedons namely GotifjePand Wathora of
Kashmir valley were dark brown, yellowish brown atatk greyish brown
in colour, the texture of these soils was genersilty loam to silty clay
loam with moderately developed granular, angulasub-angular blocky

structure.

Vermaet al. (1990) while studying the forest soils of Kashwatley



and observed that the surface soils were dark brimvwery dark grey
colour 10 YR hue,with a chroma of 1-3 and valu&l3 soil structure was
weak to moderate granular in the surface and musld strong sub-
angular blocky in the sub-surface horizons. Theurexof the soil was silty
loam and soil consistence was loose, soft frialdhe,dry and moist
conditions, respectively. Singét al. (1991) while studying the soils of
Mizoram in relation to altitude, found that the @al in surface horizons
were very dark grey (10 YR 3/1) to dark brown (1& 1/3), while in
subsurface horizons it was yellowish brown (10 YR)50 strong brown
(7.5 YR 5/6) at higher altitude, but at the lowdtitades the colour of
surface and sub-surface horizons was mostly oligevb (2.5 YR 4/4). The
soils at higher and lower altitudes were found deensandy clay loam and

loam texture with angular blocky and blocky struefuespectively.

Kaishta and Gupta (1993) reported that the soilssabhumid
temperate high lands had a colour value of 3 whdgma of 2 to 3 and hue
of 10 YR. The soils were loamy or silty loam in tigre with granular to
angular/sub-angular blocky structure. Mushki (1994hile studying the
soils of Kashmir, found that thi€arewa soils had colour value of 4 to 7,
chroma 2 to 4 and hue of 10 YR. The soils werg-#ilam to clay loam in

texture with angular to sub-angular blocky struetufhe colour of the



surface and sub-surface soils of Soan river vatieyHimachal Pradesh,
varied from brown to dark yellowish brown with taxt of sand to sandy
loam. The presence of calcium carbonate was evibigrdtrong to violet
effervescence and the consistency in surface saits reported as friable,

non-sticky and non-plastic (Sharretzal., 1994).

According to Singh and Mishra (1996) the soils oimenand area of
Bihar were grey with hue of 2.5 to 5 YR in the swd horizons, whileas the
subsurface horizons showed increase of chroma apared to surface
horizons. The texture of soils varied from loamyddo silty clay loam
with medium moderate angular blocky structure. Chamet al. (1996)
while characterizing the soils of Jorhat distri€tAssam on hilly slopes,
reported yellowish brown (10 YR 5/6), brownish p&ll (10 YR 6/8),
brown (10 YR 4/3), light brown grey (10 YR 6/2) ahght grey (10 YR
7/1) colours. The texture varied between loam &y dbam with moderate
sub-angular blocky to massive structure. Gupta dmigbathi (1996)
observed black (10 YR 2/1) or yellowish red (5 YR)5colour in the
surface horizons and brown (10 YR 4/3) or strongwr (7.5 YR 5/6) in
the subsurface horizons in North-west Himalayatssdhe soils were silty
clay loam, clayey in texture with granular to blgdubangular blocky

structure of different grades and sizes.



Sidhu et al. (1999) while characterizing and classifying some
dominant soils of Jammu region, observed that theuc of the soils varied
from brown (10 YR 4/3), dark greyish brown (10 YR)3to reddish brown
(5 YR 4/4) and yellowish brown (10 YR 5/4) in tharface horizons,
whereas it varied from dark yellowish brown (10 ¥K), brown (10 YR
4/3), dark brown (7.5 YR 4/4) and the reddish brq@&rn'R 4/4) in the sub-
surface horizons. The soils in general were finguted with medium to
moderate sub-angular blocky structure. While stoglyhe soils of Ladakh,
Waliaet al. (1999) found a wide range of colour values froto 3, chroma
2 to 4 with a hue of 10 YR. The soils were coarsanbderately coarse

textured with granular to blocky structure.

Mahapatraet al. (2000), while working with the soils of Kashmir
valley, observed that the altitude and relief haxgmficiant bearing on the
soil properties like colour, texture, structure atwhsistency. The high
altitude soils have a colour value ranging frono 3t chroma 3 to 4 with a
hue of 10 YR, whereas th€arewa valley soils had a value of 2 to 4,
chroma 2 to 4 with mostly a common hue of 10 YRe Fhils were medium
textured (silt loam) to fine textured (silty clapam, clay loam) with
angular/subangular blocky structure. Singthal. (2000), found that the

colour of the surface horizons were yellowish brof@® YR 5/8), light



olive grey (2.5 YR 5/4), whereas, in the subsurflaggzons it was pinkish
grey (5 YR 6/2). The soils in general were finettieed (clay loam) with
granular or blocky/subangular block structure, ase of the older alluvium
area. Katoo (2001) reported that the soil colourecafrom 10 YR % to 10
YR 3/2 in surface horizon and 10 YR 4/3 to 10 YR #1 the sub-surface

with clay loam texture and subangular blocky stitest

Nayak et al. (2001) reported that the colour of three out okfi
pedons of Central Research Station, Bubaneshwagedarirom light
yellowish brown to yellowish red on the surface rem in sub-surface
horizons. Soil structure varied from subangularckjoon the surface and
angular blocky in the surface horizon. The colo@irother two pedons
varied from pinkish grey to grey and light greylight brownish grey for

surface and subsurface soils.

While studying the soils belonging to three diff@r@hysiographic
land slopes, Khademi and Mermut (2003), observed tiolour (moist)
varied from 10 YR 5/4 to 5 YR 4/6, 10 YR 4/4 to ®¥/1 and 10 YR 4/3
to 10 YR 5/4 with soil structure massive to angutdocky structure,
massive, granular to subangular blocky and a textfiloam to clay loam,
silty clay loam and silty clay loam to silty clawy colluvial fans, plateaus

and alluvial fans, respectively. Maratéteal. (2003) observed that the soils

10



on plateau have shallow soil depth (27 cm) with ralaunce of coarse
fragments (10-14%). The soil was dark greyish brdd@® YR 4/2) in
colour with subangular blocky and loam in structuaed texture,

espectively.

A reconnaissance soil survey of the Neogal Waterahé&lorth-west
Himalayas was undertaken by Sharehal. (2004) to characterized the soll
on the basis of effect of slope and reported that dolour, texture and
consistence ranged from brown to dark yellowishwiroloamy sand to
loam and loose to hard in surface and strongly browyellowish brown,
sand to clay loam and loose to very hard in subserfhorizons,
respectively. The soil structure observed was dearta subangular blocky
in surface and subsurface horizons. Darmedgl (2005) reported while
working with Holocene maraines, that the soils weparse textured with
weak horizon development. Soil colours tended talék grey and dull,
chromos were 1 or 2 and values ranged from 2 t&all hues were

typically 2.5 Yto 5.

Sitangganget al. (2006) while studing a micro-shed in Gurgaon
district (Haryana) revealed that the soils in thelg area ranged from 35 to
more than 150 cm in depth due to variation in toppby and slope

gradient. Except pedon seven (P7) which was darkeolour, soils in the

11



study had lighter colour in the surface horizonanththe sub-surface
horizons. The structure was massive in surfacezbisi while massive to
subangular blocky structure in case of subsurfacezdns. From a detailed
soil survey of the Kiar-Nagali micro-watershed iorith-west Himalayas,
Tripathi et al. (2006) observed a considerable homogeneity inilprof
development of Nagali-1l, Kiar and Kundla (AP-A2-BBC) in contrast to
Nageli-l (A1-A2-2C1). The soils were well to excesty drained. The
horizon boundaries were clear to diffuse in digieses and smooth to wavy
in topography. The colour of the surface horizoased from dark brown
(10 YR 3/3) to yellowish brown (10 YR 5/4) whileetlsubsurface horizons
were brown (10 YR 4/3) to dark yellowish brown (B 4/4). The texture,
structure and consistency ranged from silty loamldam; weak to
moderate, fine to medium granular; soft to hardable to firm, slightly
sticky to sticky, and slightly plastic in surfaceorizon, respectively.
Whereas, the respective characteristics in sulaseifiorizons ranged form
loam to silty loam; subangular blocky to angulandiy; slightly hard to
hard, friable to very firm, slightly sticky to vesticky, and very plastic to

plastic.

Rasmussent al. (2007) studied a series of well-drained soils ssro

an elevation gradient (between 150 and 2800 mhemestern slope of the

12



Sierra Nevada in California and observed that dbffiees in soil genesis
resulting from variation in parent materials areamelative to the effects
of climate. The colour value (moist) varies 10 YR & 7.5 YR 3/3 and 10
YR 5/3 t0 5 YR, in surface and sub-surface horizoespectively along an
elevation and climate gradient. The texture regbxaried from loamy to

clayey one.

The examination of selected soils from south Tm@pualistrict of
North-eastern India by Gangopadhyatyal. (2008) revealed considerable
profile development in pedon-1 (Gokulpur) while thpedon-3
(Dhaganagar) and pedon-5 (Kakrabon) show homogenait profile
development in contrast to that of Pedon-2 (Khédpaand Pedon-3
(Chhataria) which showed lithological discontinuifyne colour of the soils
varied from dark brown to dark grayish brown at theface and dark
greyish brown to reddish brown at the sub-surfamé&bns. The soils were
fine loamy in texture except the Pedon-3 (Chatfasa@ls which were fine
loamy over coarse loamy in texture. The consistesicthe soils (moist)
was friable in all the soils but the consistencyetwaried from slightly
sticky and slightly plastic to sticky and plastithe structure observed
varied from massive to subangular blocky in surfdoerizon and

moderately sub-angular blocky in all sub-surfaceizoms. Raoet al.
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(2008) studied typical pedons representing majond laforms of
Ramachandrapuram mandal in Chittor district of AnBradesh viz. plain,
upland and hill slope developed from alluvium amangte-gneiss occurring
under varying land use and observed that thesg weile moderately deep
to very deep in depth, soil colour varied from vegrk grayish brown (10
YR 3/8) to brown (7.5 YR 4/4) in plains, brown (¥R 4/3) to dark red
(2.5 YR 3/6) in upland and very dark grayish brdd@ YR 3/2) to dark red
(2.5 YR 3/6) on hill slope. The soils showed widgiation in texture i.e.
from sandy to clay loam (plain), sandy loam to clagm (upland) and
sandy clay loam (hill slope). The structure of soéls was single-grained,
crumb, subangular to angular blocky in plains, sgjogar to angular blocky
in upland and subangular blocky in hill slope. Toasistency of the soils
occurring on plains varied from loose to hard (drgose to very firm
(moist) and non-sticky and non-plastic to stickyl golastic (wet) whereas
the soils in upland exhibited loose to hard (dwgxy friable to firm (moist)
and non-sticky and non-plastic to slightly stickmdaslightly plastic.
Further, soils located on hills slope were repodkght hard to very hard
(dry), friable to firm (moist) and slightly stickynd slightly plastic to sticky

and plastic in consistence.

In order to assess the effect of slope and aspect soil
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characterization a study was undertaken by Veemnal. (2008) in the
Tehri-Garhwal district of Uttrakhand. The obsergatrevealed the colour
of the surface horizon of the northern aspects deaker with value 2 to 3
and chroma 2 whereas south facing pedons had dighteur with value 4
to 6 and chroma 3 to 4. The subsurface horizonsoath facing pedons
were in hue 5 YR, whereas it varied from 5 YR t6 YR on south-facing
pedons. However, former had values 2 to 4 and cardno 3 wheras latter
had values 3 to 5 and chroma 4 to 6. The textursudface horizon was
clay loam in all the pedons observed in northepeeswhereas it vaired
from loam to silt loam in southern aspect. Theuexbf subsurface horizon
also varied in both the aspects viz. loam to ddiy doam in north-facing
pedons and sandy loam to silt loam in south-fapedons. The structure in
north-facing pedons ranged from very fine granitamoderately strong
subangular blocky whereas in south-facing pedongarted from fine,
weak, crumb to medium, moderately subangular blodke consistency
was also observed to vary in both the aspects.|&imi Najar (2009)
reported that the altitude and aspect play a saamf role on the
morphological characters of the soil. The colouuga of the soils varied
form 3 to 6, chroma 1 to 4 with the common hue 0fYR. Soils on the
northern aspect were either dark brown/brown oe jpabwn at the surface

whereas, in the subsurface they were yellowish bra@ontrary to this the
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soils on the southern aspect both in the surfadesahsurface have various
shades of grey colour. The soils on southern aspastobserved to pass
moderately fine to fine texture where as those ofthern aspect had
medium to moderately finer texture. The soils oé thurface horizons
developed granular structure, friable consisteridyigher altitudes on both
the aspects, whereas at lower altitudes these vep@ted to have sub-
angular blocky structure on both the aspects. ssdace horizons, the
soils developed angular blocky to subangular blostycture on both the

aspects.

2.2 Physico-chemical characteristics of soils
2.2.1 Soil reaction (pH)

The degree of soil acidity or alkalinity, expredses soil pH, is a
“master variable” that affects a wide range of soil properties -erical,
biological and indirectly, even physical. Jalalial. (1989) found a pH
value ranging from 5.4 to 6.7, 6.2 to 8.3 and @6718 in high altitude,
Karewa and valley basin soils of Kashmir. Verreal. (1990) observed
that pH in the surface soils of Kashmir valley a6 to 6.0 with a slight
increase in subsurface horizons in Duksam and Yeatibns. Mushki
(1994) observed a pH variation of 6.5 to 6.7 in dpple orchard soils of

Kashmir. Farida (1997) reported a pH range of @.8.8 in someKarewa
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soils of Kashmir valley. Ganat al. (1999) observed that almond growing
soils of Kashmir were slightly acidic to neutral n@action and pH values
varied from 6.2 to 8.3 with mean pH values showstight increase with
depth. Sharmat al. (2004) found that the soils of Neogal Watershed in
North-west Himalayas varied in pH from 5.2 to 6ath a slight variation
along the depth of a pedon. Similarly, Thangasan&. (2004) found a pH
variation of 5.83 to 8.47 across the pedons of oricatershed of Chittor

district in Andhra Pradesh.

According to Kirmani (2004) the soil reaction otistrine deposits
were acidic to alkaline in nature and exhibitedlighs increase with the
depth of the pedon. Tripatlet al. (2006) reported that the soils of Kiar-
Nagal; micro-watershed in North-west Himalayas, eveeutral to slightly
alkaline (7.2 to 7.6) and showed slight increasth wiepth. Vermeet al.
(2008) while evaluation the influence of slope,extpand altitude on soil
characteristics in Garhwal Himalayas, observedsiimdace soils of north
facing pedons had higher pH values (6.3 to 6. ¢pagpared to south facing
pedons (5.4 to 6.0). The maximum difference in axefand subsurface
horizons were found on higher altitude of northesecspNajaret al. (2009)
observed the pH of the apple growing soils varredf6.7 to 7.2 in surface

horizons with a slight increase in subsurface ooz The soils in northern
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aspect were found slightly less alkaline in natthran the soils in the

southern aspect.
2.2.2 Electrical conductivity (EC)

Mushki (1994) observed that the electrical conddtgtirange from
0.15-0.39 dsrand 0.10 to 0.43 dsfin surface and subsurface layers of
apple orchard soils of Kashmir respectively. Wat®94) found that the
electrical conductivity in th&arewa soils of Kashmir was in the range of
0.09 to 0.32 dsih Dar (1996) while working on cherry orchards of
Kashmir reported that electrical conductivity oktBurface soils ranged
from 0.11-0.48 dsitwith a mean value of 0.24 dsand in subsurface soils

it varied from 0.08 to 0.36 dstwith a mean value of 0.17 d8m

Farida (1997) observed that the electrical conditgtiin high
altitude,Karewa and valley basin soils of Kashmir varied from 0t@4.15,
0.15 to 0.24 and 0.30 to 0.42 dSmespectively. Ganai (2001) reported that
the electrical conductivity of saffron growing soibf Kashmir valley
ranged from 0.09 to 0.32 dswmith mean value of 0.16 dshmElectrical
conductivity in normal range of 0.11 to 0.40 d$mLethpora command
area was also reported by Katoo (2001). KirmanD{3Qeported that the
electrical conductivity of 0.08 to 0.17 dsmin some of the lacustrine

surface soils of Kashmir valley. Thangasaehyl. (2004) found that the
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electrical conductivity varied form 0.02 to 0.26néswhich was in the
normal range. Raet al. (2008) observed that electrical conductivity rashge
from 0.01 to 0.04 dsthin surface horizons and 0.02 to 0.12 dsin
subsurface horizons, respectively and also showedriation down the
slope gradient. Similarly, Dhale and Prasad (2@6@ihd a variation in the
electrical conductivity which ranged 0.15 to 0.4énit and 0.15 to 0.54
dsmi'in the surface and sub-surface horizons of theyaadl pedons,
respectively. Najart al. (2009) from his study revealed a variation in
electrical conductivity but it remained well undesrmal range. It ranged
from 0.20 to 0.56 dsthin pedons facing south and 0.15 to 0.40 dsm

pedons facing north.
2.2.3 Calcium carbonate (CaCQ@)

Wani (1994) observed that Cag@ontent in Karewa soils of
Kashmir ranged from 1.00 to 5.50 per cent. Guptd aripathi (1996)
reported 1.5 to 7.6 per cent calcium carbonate amtiNwest Himalayan
soils of Kangra district of Himachal Pradesh. Tha&CQ; content varied
from 0.20 to 0.40, 1.40 to 1.90 and 0.50 to 0.80qgm:t in high altitude,
Karewa and valley basin soils of Kashmir, respectivehar{éfa, 1997).
Ganaiet al (2000) reported that the Cag@ontent varied from 1.25 to

10.82 per cent in the saffron growing soils of Kashshowing an increase
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alongwith the depth of the pedon.

The upland soils have no free Ca{#hile it ranged from 2.8 to 8.2
per cent in lowland soils of Soan basin (Biharn@Biet al., 2000). Najar
(2002) observed 1.2 to 8.60 per cent calcium catsoim some surface
soils ofKarewas, whileas it ranged from 4.6 to 10.50 per cerdubsurface,
an increasing trend was observed with depth. Ah(2803) observed the
increasing trend of calcium carbonate with deptith wange of 3.32-4.67
per cent in surface and subsurface while studyimg drchard soils of
district Baramulla. Kirmani (2004) reported zeroltd0 per cent CaCOn
surface and zero to 17.80 per cent calcium carkbanasubsurface horizon
of the pedons in the lacustrine belt of Kashmiteyal The free CaCOwas
observed in all the soils examined and the comamged from 5.0 to 100 g
kg’. The highest content was found in pedon on piednpb@in (P4)
followed by pedon on ravinous areaj)Pand alluvial plain (P6),
respectively (Sitanggang al., 2006). The CaC{content varied from 0.85
to 1.83 g kg (plains), 0.53-1.40 g kg (uplands) and 0.50 to 0.85 gkg
(hill slope). Sub-surface horizons showed highenteot of CaCQ@ as

compared to surface horizons (Raal., 2008).
2.2.4 Organic carbon

Handoo (1983) reported that the organic contenkesarom 0.45-
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4.83 per cent in Kashmir valley soils with high tamt in surface horizons.
The organic carbon content of 0.21 to 0.99, 0.30.89 and 0.60 to 1.77
per cent in the valley basiKarewas and high altitude soils of Kashmir was
reported by Jalakt al. (1989). The organic carbon content in apple othar
soils of Kashmir ranged from 0.90-3.18 and 0.1%2&r cent of surface
and sub-surface horizons (Mushki, 1994). While wiugl saffron growing
soils of Kashmir, Wani (1994) observed that theaorg content in surface
and sub-surface was in the range of 0.18-0.87 amf-@54 per cent,

respectively.

According to Farida (1997), the organic contensaie bench mark
soils of Kashmir at different altitudes varied frd63 to 1.27 per cent.
Mahapatraet al. (2000) observed that the organic carbon contenteda
from 0.2 to 1.6 per cent in some pedons of Kashuailey. The organic
carbon content of 4.11 to 0.36 per cent was regartepedons of forest,
pasture orchard and arable lands of south Kashb@androo, 2001). The
organic carbon content in the saffron growing sofl&ashmir ranged from
0.18 to 0.87 with an average mean of 0.59 per (&anai, 2001). Khademi
and Mermut (2003) observed a varied organic cadmortent in the Argids
of Iran. The organic carbon content ranged fron® @511.7 g kg of soils,

which showed a decreasing trend, with the deptih@fpedon. Soil organic
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carbon content has been shown to be related teclpasize distribution.
The organic carbon content in the Neogal Watersbh&édNorth-west
Himalayas varied from 3.2 to 9.5 g kof soil. The organic carbon content
showed a definite relationship with the slope atidude of the area,

besides the type of vegetation (Shaenal., 2004).

According to Patil and Prasad (2004) organic carbament varied
from 33 to 2 g kg with depth, being higher in surface layers tharthia
subsurface horizons and topography, slope and ®p& amount of
vegetation showed a very well established relatigmsThe organic carbon
content of Kiar-Nagali Microwatershed in North-weddimalayas varied
from 11.7 to 23.5 g Kgn surface and 4.5 to 16.2 g'kin subsurface soils,
respectively. The carbon content observed, wadgivela higher in forest
soils as compared to those under cultivation (Thipet al., 2006). Singtet
al. (2006) observed that the organic carbon rangea 023 to 1.20 per
cent in different soil layers. The upper most $ayler (0-5 cm) had higher
organic carbon as compared to 5-15 and 15-30 chias@rs. Willset al.
(2007) reported that there is significant differeretween the soil organic
carbon content of varied land uses. Soil organibaacontent ranged from
0 to 48.2 g ki in the agricultural field and 0 to 165.7 gkin the prairie.

Najar et al. (2009) while studying the effect of aspect angslon some
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apple orchard growing soils of Kashmir valley, alvse higher content of
organic carbon in northern facing pedons that rdrigem 1.6 to 35.0 g Kg
soil where as in southern aspect it ranged from th.024.0 g kd,

respectively.
2.2.5 Cation exchange capacity (CEC)

The cation exchange capacity of Kashmir soils viaoyn 20.0 to
33.0 meq/100 g of soil (Gupttal., 1980 and Handoo, 1983). Shinetel.
(1984) reported that the CEC of saffron growingssoi Kashmir ranged
from 15.0 to 22.0 meq/100 g soil. Vermdaal. (1990) found slightly lower
values of 7.1 to 9.2 meqg/100 g of soil in some psdof Kashmir. While
studying apple orchards of Kashmir valley, MusHi944) observed cation
exchange capacity between 5.90 and 11.90 cmol K§' soils. Farida
(1997) reported that the CEC estimates ranged leetvi2®.70 to 21.20,
14.00 to 18.20 and 11.30 to 12.80 ( cmd)) (&) '] in high altitude Karewa
and valley basis soils of Kashmir. Sidbual. (1999) reported 3.7 to 19.1
cmol (P) kg in some dominant soils of Jammu region. The CEGhé
range of 16.0 to 20.5 cmol Pkg’ was observed in the saffron soil of
Kashmir valley (Ganaet al., 2001). Kirmani (2001) noticed 13.0 to 18.0
cmol (P) kg* soil CEC in some surface layers of lacustrinessdllhe

orchard soils of Kashmir showed CEC in the rang#6o6 to 20.8 and 18.9
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to 20.5 (cmol (P kg') soil in surface and sub-surface horizons,
respectively (Ahmad, 2003). The CEC of 4.9 to 1480l (P) kg* soil
was observed in the soils of Neogal watershedar\ibrth-west Himalayas
(Sharmaet al., 2004). The CEC associated with iso-hyperthermit @stic
moisture regime was found to be in the range otd 5.1 cmol (B kg™

soil (Thangasamgt al., 2004).

The cation exchange capacity varied from 9.8 t8 1émol (P) kg™
which decreased with depth (Tripattial., 2006). Darmodyet al. (2005)
observed low cation exchange capacity in the sterbglacial foreland and
the adjacent hill slope soils that ranged from 228 cmol (P) kg™
According to Sitanggangt al. (2006) CEC of the soils from hill slope to
alluvial plain ranged from 6.00 to 12.57 cmol\Rg™". The CEC were high
in north facing pedons than south facing pedonianahged from 15.2 to
74.8 and 14.0 to 20.3 cmol JPkg™ soil, respectively. In addition with
increase in altitude CEC also increases (Veanal., 2008). Najaret al.
(2009) observed that the cation exchange capatitpiih-facing soil was
higher [17.20 to 22.6 cmol {Pkg™]. The CEC was also found lowest at the

lower altitude.
2.2.6 Exchangeable calcium

Shinde et al. (1984) reported a varied range for exchangeable
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calcium in the saffron growing soils of Kashmir legl that ranged 11.2 to
18.2 me 100 g soil. Wani (1994) observed that exchangeableiwal is
some saffron growing soils of Kashmir ranged fro2a51to 17.1 and 13.7
to 18.0 cmol (P kg' with mean values of 14.8 and 15.9 cmoal)(ky*
soil in surface and subsurface layers, respectivélye exchangeable
calcium in apple orchard soils of Kashmir rangeahfr6.20 to 16.80 and
560 to 18.0 cmol (B kg* soil in surface and subsurface layers,

respectively (Mushki, 1994).

Peer (1994) observed that exchangeable calciumavdeminant
cation varying from 12.96 to 15.10 cmol"{fkg™ soil in soils of Kashmir.
Exchangeable calcium as a dominant cation in tlle 86 Kangra district
Himachal Pradesh, ranged from 3.10 to 11.0 cmd) 9" (Gupta and
Tripathi, 1996). Sidhwet al. (1999) observed exchangeable calcium varied
from 2.3 t03.6 cmol (B kg* and did not exhibited any trend with increase
in soil depth. According to Ganai (2001) exchandeahlcium ranged from
12.5-17.1 cmol (B kg™ soil in some saffron growing soils of the Kashmir
valley. Patil and Prasad (2004) while studying #féect of elevation
alongwith vegetation on soil, observed that thehexrgeable calcium
dominated the exchange complex of the soil andcedaiiom 35.18 to 4.87

cmol (P) kg™ soil from the surface to subsurface horizons. Kinin(2004)
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reported that the exchange complex<af ewa soil of Kashmir valley was
dominated by exchangeable calcium cation and rafrged 5.12-8.73 and
6.23-9.86 cmalkg’ soil in surface and subsurface horizons, respelgtiv
Najar et al. (2009) observed that the exchangeable calcium thas
dominant cation in soils of both aspects and vafitech 12.8 to 5.4 and
11.3 to 9.2 cmol (B kg* soil in the northern and southern aspect,

respectively.
2.2.7 Exchangeable magnesium (Mg

The content of exchangeable magnesium in the teatgpsubhumid
high land soils of Himachal Pradesh were found @aoyvfrom 0.1 to 4.2
cmol (P) kg* soil (Kaishtha and Gupta, 1993). Wani (1994) regbthat
the exchangeable magnesium in saffron growing sdilKashmir ranged
from 1.5-2.8 and 1.2-3.0 cmol*jFkg™ soil with mean value of 2.2 and 2.3
cmolk kg’ soil in surface and subsurface layers, respegtider (1994)
observed that the exchangeable magnesium in Kaguitg ranged from
2.45-3.45 cme| kg' soil. According to Gunjoo (1994) the exchangeable

magnesium in mid hill soils of Jammu region wast2émok kg™ soil.

Daset al. (1997) reported that exchangeable magnesium vaoed
0.2-1.7 cma} kg™ in some alfisols of Meghalaya. Surekéaal. (1997)

reported a range of 2.8 to 12.6 cmkl’ of exchangeable magnesium in
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some soils of Andhra Pradesh. Siddal. (1999) found that the contents of
exchangeable magnesium is some soils of Jammuddeieeen 0.4 to 2.0
cmok kg™ soils. Ganai (2001) reported that the exchangemtalgnesium
was found in the range of 1.5-2.9 c@éh” soil, in some saffron growing
soils of the Kashmir valley. Ahmad (2003) while &¢ing apple orchard
soils of Baramulla district reported that the aalié magnesium content
ranged from 140.2 to 178.8 ppm in surface soils B2@ to 188.6 ppm in

subsurface soils.

Kirmani (2004) reported that the exchangeable msigne was
found in the range of 1.58-2.5 craddg™* soil and 1.86-2.85 cmekg™ soil
in surface and subsurface of lacustrine depositshef Kashmir valley.
Vermaet al. (2008) found that the amount of the exchangealalgmasium
was higher in northern pedons as compared to th#am ones and their
value decreased with soil depth and by and largeeased with altitude.
The exchangeable magnesium ranged from 3.8 t@rgd53.9-1.0 cmel
kg’ soil in surface and subsurface horizons of nortlpedons and 3.8-1.8
and 3.4-1.8 cmol ( kg' soil in surface and subsurface horizons of
southern pedons, respectively. Naja al. (2009) reported that
exchangeable magnesium observed an increasingwigémdepth in north-

facing soils and no such trend was observed inhsfaaing soils. The
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exchangeable magnesium varied from 2.1 to 1.2 ad.® cmol (P) kg™
soil in surface and subsurface horizons of nortlpseions and 2.9-2.1 and

3.3-1.8 cmol (P kg* soil in southern pedons, respectively.
2.2.8 Exchangeable potassium

The exchangeable potassium content varied fromtd@.4.7 cmol
(P" kg' in alluvium derived soils of Jammu and Kashmir pGuet al.,
1988). In forest soils of Kashmir valley, exchargegotassium of 0.28 to
1.33 cmat kg™ in different horizons was found (Verregal., 1990). Singh
et al. (1991) found exchangeable potassium in the rariggto 0.5 C
molc kg' in different soil pedons of northwest Himalayargiom of
Himachal Pradesh. Surekhet al. (1997) observed the exchangeable
potassium in the range of 0.13 to 0.84 cmdl) (Ry" in some soils of
Andhra Pradesh. Sidhet al. (1999) reported that the exchangeable
potassium contents ranged from 0.04 to 0.6 cm9IKE" in some soils of

Jammu region.

According to Dandroo (2001) the soils of lower Mand/atershed
showed overall range of 0.32 to 0.75 cmdl) (Ry* with average value of
0.62 cmol (P kg'. Kirmani (2004) reported that the exchangeable
potassium ranged from 0.44-0.96 and 0.29-1.04 ie $urface and

subsurface horizons of lacustrine deposits in tashfnir valley. Ra@t al.
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(2008) while evaluating the soils on the basisltfuale and physiography,
observed that the exchangeable potassium vary ft6m0.4 cmol (P kg™
soil. The content observed decreasing trend wilhdepth of soil pedon but
increased with the altitude. Najagt al. (2009) reported that the
exchangeable potassium varied from 0.24 to 0.58I ¢Af) kg™* and 0.28

to 0.56 cmol (B kg’ in northern and southern pedons, respectively.
2.2.9 Base saturation

Reddy and Shivprasad (1999) while working on, cotter&ation
and evaluation of potato growing soils of Karnataleported higher base
saturation in different soil textural classes. Kamh (2004) while
characterizing somkKarewa soils of Kashmir valley reported that the base
saturation varied from 73.5-81.1 per cent and 73.X- per cent with the
average mean of 77.75-75.88 in the surface andudale horizons,
respectively. Sharmat al. (2004) while studying the soils of Neogal
Watershed in North-west Himalayas reported thab#mee saturation varied

from 46 to 77 per cent.

According to Tripathiet al. (2006), the base saturation varied from
58.6-66.3 and 56.6-74.3 per cent in surface andwstdre soils of Kiar-
Nagali microwatershed in north-west Himalayas. &arand Prasad (2008)

reported the base saturation in the range of 69.8-er cent in the recent
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alluvium derived soils of Maharashtra. Nagaral. (2009) reported that the
base saturation of apple growing soils of the Kashalley vary in the
range of 62.1-72.2 and 64.1-75.3 per cent in sarfand subsurface

horizons, respectively.
2.3  Mineralogical characteristics

Clay is an important soil constituent that coniisl properties and
also influences its management and productivityv(@aet al., 1972).
Considering the influence of clay mineralogy on Hu#l physicochemical
behaviour, its quantitative characterization caovjgle important data for
the improvement of soil management practices. Simcgeneral detailed
mineralogical investigation can indicate the mastoable fate of the plant
nutrients added to a soil and can also supporttarbenderstanding of the

soil genesis and the electro-chemical behaviour.

Guptaet al. (1980) while studying some cultivated and uncaliad
soils of Rajouri and Poonch districts of Jammu Kaghmir identified the
illite, chlorite and smectite as main minerals hrege soils. Guptat al.
(1988) reported that some alluvium derived soilsJammu and Kashmir
had mica followed by chlorite as the dominant mater Gupta and
Banerjee (1991) observed the dominance of micavad by chlorite,

smectite, kaolnite and mixed layer minerals whilelging clay mineralogy
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of soils of Jammu and Kashmir. Gupta and TripatBog) reported illite as
the dominant mineral in the north-west Himalayanlssof Himachal

Pradesh.

Dey and Sehgal (1997) revealed higher contentslofite followed
by mica in some alluvial derived soils of Assam.|llMand Mishra (2000)
reported mica as the dominant clay mineral, whiteking on Alfisols of
Bihar. Dandroo (2001) observed the dominance adfe ilfollowed by
chlorite, vermiculite, kaolinite and mixed layens the soils of Lower
Munda watershed. Najar (2002) while studying thaycimineralogy of
apple orchard soil reported the dominance of ifliiéowed by the chlorite,
vermiculite, kaolinite and mixed layers. KirmaniO®) reported the
dominance of quartz followed by plagioclase andamit sand fractions of
some profiles and dominance of plagioclase followsd quartz and
orthoclase. Clay fractions were dominated by ifickowed by mixed layer
minerals, vermiculite and then chlorite. Katoo (2POreported the
dominance of illite in clay fraction where as, daawas the dominant

primary mineral in sand and silt fractions of Legcommand area.

Patil and Prasad (2004) observed the dominance nuéctde
mineralogy in some pedons and the dominance of aniéeralogy in

some pedons. In smectite dominate mineralogy, steegas followed by

31



kaolin, mica and fieldspar. Thangasangy al. (2004) reported the
dominance of smectite in the clay fractions of $eagiri Microwatershed
of Chittoor district, Andhra Pradesh. Fontes andv&lao (2005) observed
that the typical minerals of highly weathered toapisoils were dominated
by iron oxides, kaolinite and gibbisite, respediyvé&ouzaet al. (2008) in
the mangrove forests of SaoPaulo, Brazil, idemtifiguartz, feldspars,
gibbisite, kaolinite, illite, and vermiculite in Isifractions and smectite,
kaolinite, illite, gibbisite, quartz, and feldsparsthe clay fractions of the
soil, respectively. Guptat al. (2009) reported the dominance of quartz,
feldspar and muscovite-mica in the light sand faactind opaque type of
minerals vis-a-vis zircon, tourmaline, augite, Hoemde and biotite in
heavy fractions of sand and the dominance of midlite as the dominant
mineral followed by chlorite, smectite and mixegda minerals in clay
fractions was also observed in the same acid sbillammu division of

Jammu and Kashmir.
2.4  Soil Classification

Man has a natural tendency and urge to classify nawirally
occurring objects on the basis of certain distisguig properties/
characters. This help in the detailed study ofitiggviduals in comparison

to each other, soil being the collection of naturadies is therefore, no
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exception. In 1975, United States Department of iAdiure (USDA)
developed taxonomic system of classification whics designed to meet
the needs of soil survey, besides enabling sodndisits to communicate

and transfer information at the international level

Guptaet al. (1984) while working with soils of Kashmir clagsi
high altitude andKarewa soils into Haplumbrept and Udorthents,
respectively. Shindest al. (1984) studied the saffron growing soils of
Jammu and Kashmir and classified them as Verticludatfs and Typic
Eutrochrepts. Sehgaét al. (1985) have classified and characterised
mountain soil on slopes formed on chloritic sclasd valley soils from
gneisses under Typic Hapludolls and Mollic Hapléslarespectively in
central Himalayas. Biswas (1985) classified soypéctl soils from Dader

and Nagar Havelli under Vertisols, Alfisols and igals.

Pal and Despande (1987) studied the two bench mailk of
Kashmir valley and classified them as Mollic Hag@lid(Gogji Pather) and
Mollic Haplaquents (Wathora). Guptt al. (1988) while studying the
characteristics and genesis of some soils of JaammduKashmir, reported
the presence of Eutrocrepts, Haplaquents, Ustadhand Ustrochrepts,
respectively. Jalalet al. (1989) had classified the soils developed on

various physiographic zones of Kashmir valley Miugh altitude Karewa
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and valley basis as Agriudolls, Hapludalfs and @qgbalf, respectively.
The soils under forests of Kashmir Valley were sif@ésd as Typic

Hapludoll, and Typic Agriudolls (Vermet al., 1990).

While under taking a detailed survey of mid altéusbils of outer
Himalayas, Singlet al. (1991) observed that these soils were developed on
similar groups of rocks overlain by infrakarol am@rol series of the
carboniferrous lower Mesozoic period under Monsoolimate as
conditioned by undulating topography and pecul&ural drainage system
and were classified in the order of Alfisols, Intepls and Entisols,
respectively. Mushki (1994) classified orchard saf Kashmir valley into
Dystrochrepts, Hapludalfs and Argiudolls. Gupta &ftera (1996) from
their detailed survey of middle Shiwalik observidtithese soils developed
on southern aspect and taxonomically characteasddcclassified them into

Inceptisols.

Sharmaet al. (1997) while studying the Inceptisols of North-Wes
India classified these soils as Dystric Eutroclhsegtd Typic Eutrochrepts.
Ganaiet al. (2000) classified saffron growing soils of Kashmalley as
Hapludalfs. Mahapatrat al. (2000) while working with the soils of
Kashmir, of different physiographic units clasdifisoils into Udorthents,

Hapludalfs and Eutrochrepts, respectively. Kg&@01) classified soils of
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Lethpora command area as Hapludafs and Eutrochr&pimiad (2003)

classified some upland orchard soils of Baramudligkrict in Hapludalfs.

Kirmani (2004) while under taking the deanaissance survey of
lacustrine deposits of Kashmir valley, classifidtege soils into typic
Hapludalfs and Ruptic-Alfic Eutrudepts, respectwebharmeet al. (2004),
classified soils of Neogal water shed in North-WHs#halayas as Typic
Udipsmments, Udorthents, Dystrudepts and Hapludatéspectively.
Darmodyet al. (2005) while studying the effect of glaciation Norwegian
soils, classified these soils into Typic Cryortleenand Oxyaquic

Dystrocrepts, respectively.

Tripathi et al. (2006) while studying the soils of Kiar-Nagali moc
water shed of Himachal Pradesh in North- West Hayed, classified these
soils into Typic Udorthents, Dystric Eutrudepts ahgpic Dystrudepts,
respectively. Vermat al. (2008) while examining the effect of aspect and
altitude on soil characterization in Garhwal Hinyals, classified these soils
into Typic Agriudolls and Typic Hapludolls, respeely. Bhushan et al
(2009) characterized soils of Kukar-Suha water shddwer Shiwaliks of
Punjab as Typic Ustipsamments and Typic Ustortheévgaret al. (2009)
classified apple growing orchard soils of Kashmalley in Agriudolls,

Hapludalfs, Hapludolls, Eutrochrepts and Udortherspectively.
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2.5 Nutritional status and soil fertility
2.5.1 Available nitrogen

Among the major plant nutrients, nitrogen is thestrimportant and
has been subjected to lot of studies. Kaisthal. (1990) found that
available nitrogen content in a horizon of all zerg Himachal Pradesh
was higher than underlying horizons indicating gutar decrease with the
increase in soil depth. Mandetl al. (1990) also observed highest nitrogen
content in surface soils and it regularly decreas#a depth in mid hill and
upper hill forest soils of Himalayas. Verneaal. (1990) reported that the
available nitrogen content ranged from 36.0 to @Q%m with a mean
value of 118.0 ppm in some alluvial soils of Kashr8harma and Bhandari
(1992) observed that available nitrogen contengednfrom 92.0 to 231.0
and 27.0 to 210.0 ppm with a mean value of 158d ¥3vV.9 ppm in the

surface and subsurface soils, respectively in HiabBradesh.

The available nitrogen content in some apple othswils of
Kashmir varied form 56.0 to 140.00 and 22.5 to @@ ppm in the surface
and subsurface horizons, respectively (Mushki, 199ani (1994)
observed that available nitrogen content in théaserand subsurface layers
of Karewa soils of Kashmir varied from 125.54 to 336.63 dm9.45 to

373.63 and 149.45 to 373.63 kg'heespectively. Dar (1996) reported that
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the available nitrogen content in surface soilsnfit31.6 to 193.2 ppm with

a mean value of 164.7 ppm, where as, in the subsidoils it varied from
61.6 to 137.2 ppm with a mean value of 89.9 pprohierry growing soils

of Kashmir. Ganiezt al. (1999) reported that the available nitrogen varied
from 64.8-226.4 mg K§with mean value of 137.0 mg kgn surface
samples of some almond growing soils of Kashmlleya The available
nitrogen content in the range of 124.54 to 336 & with a mean value
of 238.82 kg ha was reported by Ganai (2001) for saffron growinijssof
Jammu and Kashmir. Najar (2002) reported thatlavia nitrogen content
in the surface soils dfarewa varied from 82.0 to 142.1 with a mean value

of 116.56 ppm, respectively.

The available nitrogen content in the surface samplof
Ramachandrapuram Mandal ranged from 54.0 to 17#8!@ak with a mean
value of 121.5 kg h§ respectively (Raet al., 2008). Sharmat al. (2008)
reported that the available nitrogen in the surfsaié samples of Amritsar
district of Punjab varied in the range of 63 to kgtha" with a mean value

of 117 kg hd, respectively.
2.5.2 Available phosphorus

The available phosphorus in a soil representsaidraof about 0.01

per cent of the total phosphorus which is liabledbsorption by growing
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plants. Jagget al. (1990) noticed that the available phosphorus mfase
and subsurface soils of Himachal Pradesh ranged #1@.5 to 40.5 and 6.5
to 34.3 ppm with the mean value of 25.5 and 1718,mespectively. Singh
and Ahuja (1990) while studying the distributionasailable phosphorous,
reported low to medium phosphorous status with marm accumulation
of available phosphorus in the surface layers oadgler river basin soils.
Ganai et al (1991) reported that the available phosis in the cherry
orchards of Kashmir ranged from 6.6 to 14.5 pprepeetively. Sharma and
Bhardari (1992) observed that the available phosghan surface and
subsurface soils of Kinnaur district of Himachaa&esh varied from 14.0
to 52.0 ppm. The available phosphorus in some apptbard soils of
Kashmir ranged from 10.0 to 20.0 and 9.0 to 26.0 jp the surface and
subsurface layers, respectively (Mushki, 1994)ideaf1997) observed that
the available phosphorus content varied from 16.8%.0 ppm irKarewa

soils of Kashmir.

The available phosphorus contents in the surfack subsurface
layers of Karewa soils ranged from 12.0 to 19.10 ppm and 8.0 t@Q7.
ppm, respectively (Najar, 2002). Dwivedi al. (2005) reported that the
available phosphorus ranged from 2.35 to 25.662ahdo 137.4 Kg hain

the surface soils of Leh and Kargil districts ofm#iau and Kashmir,
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respectively. Racet al. (2008) observed that the available phosphorus
content in the surface samples of Rama Chandraporandal ranged from
9.3 to 23.9 kg hawith a mean value of 18.0 kg haSharmaet al. (2008)
noticed a range of 9.38 to 84.9 kg'haveraging to 37.3 kg Hafor
available phosphorus in the Amritsar district oinfab. Singh and Bansal
(2009) reported that the available phosphorus énBerpura alluvial soll
series of Indo-Gangetic plains ranged from 9.088 ing kg' in surface

soil samples with an average mean of 41.7 nify keppectively.
2.5.3 Available potassium

The total potassium content of soil is usually mames higher than
the amount taken by growing plants, revealing tmy a small fraction of
it is available to plants. Mandat al. (1990) reported a range of 47.2 to
289.3 ppm of available potassium in some foreds swi East Himalayas.
Sharma and Bhandri (1992) observed that the availaitassium in some
soils of Himachal Pradesh ranged from 182.0 to &4pm with a mean
value of 263.7 ppm in surface soil samples. Singh Bhandari (1992)
noticed that the apple orchard soils of Kinnoutrdisof Himachal Pradesh
were high in available potassium and it varied frd29.0 to 170.0 ppm.
Mir (1994) reported that the available potassiunsame orchard soils of

Kashmir ranged from 108.40 to 207.75 and 67.325th 84 ppm in surface
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and subsurface soils, respectively with the maxinamount in the surface
horizons. Dar (1996) observed that the availableaggum content in
cherry orchard soils of Kashmir ranged between@85205.0 ppm with a
mean value of 168.3 ppm in the surface and fro &.17.0 ppm with a
mean value of 111.8 ppm in subsurface soils. Fgi887) observed that
the available potassium varied between 156.0 to0180mM inKarewa soils

of Kashmir valley.

The available potassium ranged from 11 to 496 @&itd 861 mg
kgt in soil surface sample of Leh and Kargil districtespectively of
Ladakh region (Dwivedet al. (2005). Najaret al. (2005) reported that the
available potassium content in surface soiKafewas varied in the range
of 93.6 to 280.8 ppm with a mean value of 183.2 pprapectively. Wani
et al. (2007) reported that the soils of Zaingir commamda of north
Kashmir were medium in available potassium, thaigea from 134-158
mg kg'. Raoet al. (2008) reported that the available potassium i th
surface samples of Ramachandrapuram Mandal soilhei range of 135-
320 kg h& with mean value of 237 kg Harespectively. Sharmet al.
(2008) observed that the available potassium comnéerged from 84 to 700
kg ha' with a mean value of 340 kg han the surface soil samples at

Amritsar district in Punjab. Waret al. (2009) reported that the available
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potassium in some soils of lesser Himalayas rariged 0.18-0.44, 0.14-
0.18, 0.12 - 0.18 with the mean values of 0.186 @ad 0.17 cmol kg

respectively. Shaista and Wani (2009) observed timatplant available
potassium in some soils of Kashmir valley rangeanf0.10 to 0.37 cmol

K kg™ soil with a mean value of 0.23 C mol K kspil.
2.5.4 Micronutrient cation distribution

Micronutirent cations are held in the soils in vals forms. Viet
(1962) prefer to view these nutrients in terms oblp. Micronutrient
cations occur in five pools in soils, viz., watasluble, exchangeable,
chelated or complexed, secondary and primary misefide first three

pools of micronutrient cations are in reverse elguidm with one other.
Water soluble= Exchangeable- chelated/complexed

These three forms are subjected to removal throddferent
extractants and are considered readily availableh& plants. Whereas
fourth and fifth fractions of the pool are not eversible equilibrium with
each other as well as with first three forms ant idifficult to separate

them with ordinary chemical methods.

All these five forms constitute the total contehiaa element in the
soil. But here we will confine ourselves to the Wwalone/review on the

exchangeable form of an element. It is that fractd labile pool which is
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largely adsorbed on the exchange complex of tHeasdi is susceptible to
exchange reaction with weak exchanger like,QAC or Mg(NG,), etc. It

also include water soluble fraction.
2.5.4.1 Zinc (Zn)

Singhet al. (1988) observed that exchangeable zinc ranged 1rém
to 1.5 mg kg in some calcareous soils of India. Jathtal. (1989) reported
that the DTPA-extractable zinc in high altitudelsoanged from 0.35-0.65
mg kg' and was higher than that #farewa and valley basin soils of
Kashmir. Sharma and Bhandari (1992) reported thatavailable zinc in
apple orchard soils of Himachal Pradesh ranged f0of6-4.60 with mean
values of 2.6 \mg Kgin surface layers, respectively. According to Mkish
(1994) DTPA-extractable zinc in apple orchard safsKashmir varied
from 0.47-0.66 mg Kg soil. Dar (1996) observed that DTPA-extractable
zinc in cherry orchard soils of district Srinaganged from 0.33-1.82 mg
kg’ soil. Mamgainet al. (1998) reported that the available zinc content in
apple orchard soils of Himachal Pradesh rangeddmiv2.73-3.66 mg kg
with a mean value of 2.99 mgkgoil. Ganait al. (1999) reported that the
DTPA-extractable zinc content varied from 0.55-1/5¢ kg soil with
mean value of 0.88 in surface of almond growingssof the Kashmir

valley.
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Ganai (2001) reported that DTPA-extractable zinsame saffron
growing soils was in the range of 0.35-1.14 mg lspil. Kirmani (2004)
while studying Karewa soils of Kashmir valley noticed that the DTPA
extractable zinc varied in the range of 1.45-4.09 kg soil with mean
value of 2.26 kg soil in surface soil. Sharma (2004) reported tHePRB-
extractable zinc varied form 0.20 to 2.36 mg'kg some inceptisols of
Punjab. Dhale and Prasad (2009) reported that #eARextractable zinc
content ranged from 0.18 to 1.49 mg'kand, in general, Ap horizons had

more DTPA-zinc than underlying horizons.
2.5.4.2 Copper (Cu)

Jalaliet al. (1989) reported that the DTPA-extractable coppehe
Karewa soils of Kashmir valley ranged from 0.07-0.33 ngj'ksoil. The
available copper in apple orchards of Himachal €sadraried from 1.4-9.7
mg kg' soil with mean value of 4.4 mg Kgsoil in surface layers,
respectively (Sharma and Bhandari, 1992). Mush®®4) observed that the
DTPA-extractable in apple orchard soils of Kashratley varies in the
range of 1.52-1.80 mg Kgsoil. Wani (1994) while working wittKarewa
soils of Kashmir, found that the DTPA-extractabtgper decreased with
profile depth and its content ranged from 0.07 $70mg kg" soil with

mean value of 0.20 mg Kgsoil in surface horizons.
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Dar (1996) revealed that the DTPA-extractable cogpetent in the
cherry orchard soils of district Srinagar rangeatrfr0.88 to 2.89 mg Ky
soil. Mamgainet al. (1998) reported that the copper content in Himkacha
Pradesh soil varied in the range of 2.86-4.13 mi§ $@jl with mean value
of 3.38 mg kg soil. Ganakt al. (1999) observed that the DTPA extractable
copper ranged from 1.61 to 3.81 mg'kspil with mean value of 2.30 mg
kg soil in surface soils, respectively. Kirmani (200#hile evaluating
Karewa soils for micronutrient distribution, reported ththe DTPA-
extractable copper in these soils were in the rarige29-2.87 mg Kg soil
with mean value of 1.95 mg Kgsoil in surface layers, respectively. While
studying Mollisols and Inceptisols, Patil and Pch$a004) observed that
the DTPA-extractable copper varied in them from 2461 and 4.3-8.7 mg
kg’ soil, respectively. Raet al. (2008) reported that the DTPA-extractable
copper was found in the range of 0.21-1.04 mg &gjl with mean value of

0.58 mg kg soil in surface soils.
2.5.4.3 Iron (Fe)

Jalali et al. (1989) reported that the DTPA-extractable iron was
higher in high altitude and valley basin soils tharKarewa soils, and it
ranged from 24-124, 6-116 and 3-21 mg lapil, respectively. Sharma and

Bhandhari (1992) observed that available ironedafrom 18.0-22.6 mg
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kg® soil in surface soils of apple orchards of HimadPedesh. Mushki
(1994) found that DTPA extractable iron in some lapprchard soils of
Kashmir varied from 15.0-12.0, 51.0-97.0 and 407@9mg kg" soil in

surface soils of valley basiKarewa and high altitude, respectively.

Tripathi et al. (1994) found that available iron ranged from @2 t
41.2 mg kg soil in some soils of Himachal Pradesh and itstemn
decreased with the increase in soil depth. In saffgrowing soils of
Kashmir available iron content ranged from 8.0-#2@kg" soil in surface
soils with mean value of 23.0 mg kgoil in surface soils (Wani, 1994).
Dar (1996) observed that the DTPA-extractable irooherry orchard soils
of district Srinagar vary in the range of 9.9-57¢ kg* in surface layer
soils. Ahmad (2003) reported that the DTPA-extraletaron in orchard
soils of Baramulla varied in the range of 42.8-83.&hg kg' soil with an
average value of 47.79 mg 'kgsoil in surface soils, respectively. The
Inceptisols of Punjab contained DTPA extractalda iin the range of 0.91-
32.0 mg kg soil (Sharmaet al., 2004). Racet al. (2008) observed that the
DTPA-Fe content ranged from 1.09-5.82 mg'lapil in Alfisols, Entisols
and Inceptisols of Andhra Pradesh. The DTPA-exataetiron in Vertisols
of Maharashtra was found to vary in the range 867.3.99 mg kg soil

(Dhale and Prasad, 2009).
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2.5.4.4 Manganese (Mn)

Jalali et al. (1989) reported thaKarewa and high altitude soils
contained more available manganese than valley lsadls. It varied in the
range of 7-62, 6-88 and 7-24 mg'kgoil in valley basinKarewa and high
altitude soils, respectively. Sharma and Bhand&892) observed that
available manganese in apple orchard soils of Himala®radesh ranged
from 8.0-68.0 mg kg soil in surface soils, respectively. The DTPA-
extractable manganese in apple orchard soils oftdassaried from 19.30-
28.9 mg kg soil (Mushki, 1994). Wani (1994) observed that BFP
extractable manganese in saffron growing soils ashtir ranged from
2.0-78.0 mg kg soil with mean value of 17.88 mg kgsoil in surface
layers, respectively. In cherry orchard soils oh&gar DTPA-extractable
manganese content varied from 10.7-61.0 nigsajl (Dar, 1996). Khaset
al. (1997) observed that the manganese content inhberark soils of
Bangladesh ranged from 7.0-79.0 mg*kgoil. Mamgainet al. (1998)
observed that the DTPA-extractable manganese rabgedeen 13.5-26.9
mg kg* soil with mean of 22.1 mg Kgsoil in soils of Himachal Pradesh.
Ganai et al. (2001) reported that the DTPA-extractable manganes
almond soils ranged from 49.3 to 85.2 md'lapil with mean value of 68.3

mg kg® soil in surface soils. Najar (2002) reported tiia¢ available
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manganese content in apple orchard€anewa soils varied from 29.0-64.0
mg kg' soil with the mean value of 24.66 mg'kspil in the surface layers,
respectively. Kirmani (2004) observed that the D¥@&dractable
manganese content Karewa soils ranged from 12.56-28.34 mgkgoil
with mean values of 21.86 mg kgoil in surface horizons, respectively. In
recent alluvium soils of Maharashtra the DTPA-estimale manganese
showed a varied range of 14.74-81.56 mg' kapil in surface layers,

respectively (Sarade and Prasad, 2008).
2.5.5 Nutrient indexing (Nutrient Index Value)

There is a real need for obtaining a comprehereivereliable data
on the nutrient status of soils. A general pictafehe nutrient status of
soils would aid research workers in orienting tmegearch. The data would
give educational and action agencies, a sound Wasisevaluating or

promoting their respective programs.

Dwivedi et al. (2005) while studying the status of available iemts in
soils of cold arid region of Ladakh, observed tihaise soils are medium in
organic carbon with nutrients index value of 1.6@&ld.78 for Leh and
Kargil districts, respectively. These soils werdident in phosphorus with
nutrient index of 1.42 (Leh) and 1.74 (Kargil). Feorailable potassium the

nutrient index was high i.e. Leh (2.27) and Kafgis0), which indicated
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the sufficiency of potassium in this region. Raal. (2008) reported that
the over all nutrient index (NI) for RamachandrapurMandal of Chittor
district of Andhra Pradesh was 1.00 for availahlgogen, 1.96 for
available phosphorus and 2.37 for available patassihich indicated that
these soils were low in nitrogen, medium in avadgithosphorus and high
in available potassium, respectively. Singh andsBaa(R009) observed that
Berpura alluvial soil series of the Indo-Ganget&iqs was low in organic
carbon with a nutrient index value (NIV) of 1.05igl in available
phosphorus with a nutrient index value (NIV) of 2.8nd low in available

potassium with a nutrient index value (NIV) of 1rEspectively.

2.6  Relationship between physico-chemical propertseand available
nutrients

2.6.1 Influence of soil pH

A negatively significant correlation between avllé&nitrogen and
soil pH was reported by Singh and Ahuja (1990), bdar (1994),
Yeresheemiet al. (1998) and Najar (2002). On the other hand, Singh
(1987), Kaisthaet al. (1990) and Mushki (1994) did not find any
relationship between available nitrogen and soi] pihilable phosphorus
was found significantly and negatively correlatedhwsoil pH by Singh
(1987), Mushki (1994), Yeresheenat al. (1998) and Najar (2002).

However, Ramesht al. (1994) and Patagundi and Channol (1996) did not
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observe any relationship between soil pH and avialgphosphorous.
Prakash and Singh (1985), Singh and Ahuja (1990 @&wish and
Badrinath (1996) have revealed a negative but mgmfgant relationship
between available potassium and soil pH. Availgi@éassium observed a

positive but non-significant correlation with thalgpH (Najar, 2002).

Many workers have reported negative and significatationship
between micro-nutrient cations and soil pH (Jadakl., 1989; Katyal and
Sharma, 1991; Jahiruddat al., 1992; Bhogakt al., 1993 and Ramesét
al. (1994). Ganaiet al. (1999) reported the negative and significant
correlation between soil pH and micro-nutrient @asi while working with
almond soils of Kashmir. Ahmad (2003) also reportkee negative and
significant relationship between Micronutrient cats and soil pH. Kirmani
(2004) while studying Lacustrine deposit of Kashnuitley, reported the
negative and significant correlation between Fe, &d Cu with soil pH
and the relationship between Zn with soil pH wabkalgh negative but
non-significant Sharmaet al. (2004) reported negative and significant

relationship between Fe and Mn with soil pH in sdneeptisols of Punjab.
2.6.2 Influent of organic carbon

A number of research workers have reported a sogmf and

positive relationship between organic carbon andiilable nitrogen
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(Minhas and Bora, 1982; Kanthaliya and Bhatt, 1888 Ramestet al.,

1994). However, Singh and Ahuja (1990) did not fuany significant
correlation between organic carbon and availabtesphorus and available
potassium. Najar (2002) observed a significanttp@stcorrelation between
the organic carbon and available nitrogen in soitl ahe correlations
between organic carbon with available phosphoru$ potassium were
positive and negative, respectively but were notoughe level of

significance.

The micro-nutrient cations were found to be siguaifitly and
positively correlation with organic carbon (Katygadd Sharma, 1991; Ganai
et al., 1999; Sharmaet al., 1999 and 2004). Wani (1994) reported the
significant and positive relationship between orgazarbon and zinc and
copper while working on saffron growing soils of kanir valley. Kharet
al. (1997) observed a positive but non-significantrelation between
organic carbon and micronutrients. Najar (2002) levlstudying apple
growing soils of Kashmir valley, observed that theras a significant and
positive correlation of zinc, copper and Iron wadlganic carbon. Ahmad
(2003) also reported positive and significant pesitinear relationship of
organic carbon with all the micronutrient cations surface soils of

Baramulla district. Kirmani (2004) reported thdttake micronutrient cation
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showed positive and significant coefficient of &ation with organic

carbon in Lascustrine soils of Kashmir valley.
2.6.3 Influence of calcium carbonate

A negatively significant relation between calciurarmonate and
available nitrogen and phosphorus had been obsé&yédinhas and Bora
(1982) and Mir (1994). However, a positive and #gigant correlation
between calcium carbonate and available potassasnbeen observed in
some soils (Kadrekar and Kibe, 1972 and Jaatsal. (2000). Singh and
Ahuja (1990) did not find any relationship betwesicium carbonate and
available nitrogen, phosphorus or potassium. N&@02) reported a non-
significant negative correlation between availabteogen, phosphorus and
potassium with calcium carbonate in some appleavttlkoils of Kashmir.
Sharma et al (2008) while studying the soils of Asar district of Punjab,
observed the negatively significant relationship afailable nitrogen,

phosphorous and potassium with calcium carbonattenbin soil.

Prasad and Sakal (1991) found significant negatweerelation
between Iron and calcium carbonate. Mahapatra ami $1996) did not
find any relationship between calcium carbonate @&ncronutrients. Wani
(1994) found significantly negative correlationweéen calcium carbonate

and manganese only. Kha al. (1997) observed a positive but non-
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significant relationship between calcium carbonatéexd available
micronutrient cations. Ganaat al. (1999) reported the negative and
significant linear relationship between calcium bmarate and all the
micronutrient cations in almond growing soils of dKanir valley. Najar
(2002) and Ahmad (2003) found negative and sigaficrelationship
between copper and calcium carbonate only. Shatrak (2004) reported
a negative and significant relationship between,lmanganese and copper
with calcium carbonate. Singdhal. (2008) observed an inverse relationship
of different forms of zinc, copper, iron and mangs& with calcium
carbonate in some Vertisols. Yadav and Meena (28§®)rted positively
significant correlation of iron, copper, manganese zinc with calcium

carbonate.
2.6.4 Influence of cation exchange capacity (CEC)

The available nitrogen was positively and signifiita correlated
with the cation exchange capacity (Khera and Pradh@80; Mandaét al.,
1990; Yeresheenut al., 1998). Mandakt al. (1990) observed a positive
and significant relationship between cation excleacgpacity and available
phosphorus. On the other hand, an inverse and igaifisant linear
relationship between phosphorus and cation excharegacity was

observed by Battacharyy al. (1998). Prakash and Singh (1985), Kumar
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et al. (1987) and Yeresheenat al. (1998) have reported a significant
positive correlation between available potassiund a@ation exchange
capacity. However, Girisha and Badrinath (1996)eed®d a positive but
non-significant linear relationship between catexchange capacity and
available potassium Sharmetial. (2008) reported significant and positive
correlation of available nitrogen and available ggstum with cation
exchange capacity and the linear relationship betvewailable phosphorus
and cation exchange capacity was although podititenot upto the level

of significance.

Micronutrients cation were reported to have nomisicant negative
linear relationship with cation exchange capacttgresheemet al., 1998).
Non significant relationship between cation exclem@md micronutrients
was observed by Najar (2002). Kirmani (2004) whierking with
Karewas of Kashmir valley, reported a non-significant &ige correlation
of manganese with cation exchange capacity andsigmificant positive
linear relationship between zinc, copper and Irath veation exchange
capacity. Sharmet al. (2004) reported a positive and significant cotreta
of cation exchange capacity with zinc and coppéilaent showed negative
relationship with manganese and positive with itour, both were not upto

the level of significance. Yadav and Meena (20083emved a significant
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and positive correlation of zinc, copper, mangarese iron with cation

exchange capacity of soils.
2.6.5 Influence of texture (clay)

The available nitrogen and potassium exhibited aitpe and
significant correlation with clay but a significanbegative linear
relationship was found between available phosphangsclay (Sharmat
al., 2008). Waniet al. (2009) reported a positive but non-significant

correlation between available potassium and clayert.

Clay and silt fractions of soil are dominated byranutrient cations
than sand fractions. Katyal and Sharma (1991) tegopositive and
significant correlation between iron and clay. $maet al. (2000) in some
Indo-Gangetic plains of India observed a signiftcdout negative
correlation between manganese and clay. Positivd amnificant
correlation of zinc and copper with clay was repdrby Sharma et al
(2004). Singhet al. (2008) reported a positive correlation of zincpper,
iron and manganese with clay. Yadav and Meena (2@3erved a
positive and significant linear relationship of gjincopper, iron and

manganese with clay content of the soil.
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CHAPTER -3

MATERIALS AND METHODS

3.1 Brief geographical description and conditionsfothe area
3.1.1 Location and extent

The state of Jammu and Kashmir mostly a mountainauea
occupies almost a central position in the Asiantioent, and has been
divided into nine land forms associated with nigecaecological zones and
five different agro-climatic zones associated wiflve land uses.
Geographically valley lies on the north flank ofr Fanjal range and
southern flank of Great Himalayan range, is locae83 30 N to 34 30
N and 74 10 E to 75 03 E. the average elevation of the valley is above

1500 m (amsl) with following associated information

Land form . Broad valley
Agro-ecological zone : Temperate, moist, sub-hungighwing
period 150-210 days
Land use . Arable land
Agro-climatic zone . Mid to high altitude temperatme
3.1.2 Climate

The climate of valley is sub-humid temperate. Thean annual

rainfall/precipitation is about 943.38 mm with meamual temperature of
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13.49C, the mean winter (December, January and Febraany)summer
(June, July and August) temperature is 3.9 and622,5espectively. The
area therefore, qualifies for mesic temperaturemregand udic moisture

regime.
3.1.3. Geology

The state is one of the best geologically explopedt of the
Himalayas and contains within a small geographemahpass one of the

finest developments of stratified rocks.

The Pleistocene and post-pleistocene deposits, cmynknown as
“Karewas”, occupies nearly half of the valley of Kashniihese have been
held to be the surviving remainants of deposita take which are filled the
valley basin from end to end. Lithalogically thKarewas’ are mostly
horizontally stratified deposits of lucustrine anigonsisting of beds of fine
grained, bluish and buff coloured sandy clay, partompacted
conglomerates and embedded moraines. IrKdrewa group, comprising
of 450-500 m thick pile of sediments, the new tfelel classification of
Karewas into three sub-groups has been followed. The Howaddle and
upperKarewa sub-groups show fluvial; lacustrine; aeolian aedggenetic

environments respectively (Pal and Srivastava, 1982

The middle Karewa sub-group was laid down in lacusterine
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environment and has been divided into two formatioae. Ruh and Puskar
formation comprising one glacial and one inter glhare divided into Baba
Rafi-ud-din Mazar and Kanyalwan members. Theirecdmnature and a few

features in green sands of Pampore representdbmigstage V.
3.1.4 Soils

The soils of Kashmir (temperate region) on the asialtitude, has
been classified into three main groups i.e. higtitudle (forest) soils,
Karewa soils and the lower altitude (valley basin) s¢N&an and Sharma,
1971). The high altitude soils (Kandi belt) aredtsd within an altitude of
1880-2500 m above amsl stretching frétarewas and bordering forests.
These soils are light textured with moderate toese\erosion, deep and
excessively drained. The predominant soils in #nea are Udalfs, Udolls
and Orthents. ThKarewa soils (mid lands and table lands) are of lacustrin
origin within an altitude ranging from 1600 to 18060amsl. These include
severely to moderately eroded big flat mounds kbamdethe slopes of
mountains. The soils of this area are classifieddsfs and ochrepts. The
valley basin soils have mostly resulted from thienaim deposited by
rivers like Jhelum, Sindh and their tributaries &irdat an altitude of 1500
to 1600 m above (amsl). These soils are poorlyndchiand moderately

eroded. Aquepts and udalfs are predominant soflerebd in the area.
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3.1.5 Physiographic features

Out of the recognised lacustrine belts of Kashmaltey, the import
belt viz. PamporéKarewa was covered under present study. The area is
well drained with good fertility level as being tlkeposits of Pleistocene
and post-pleistocene in nature. The plateau larfélaofipore is well known
for the cultivation of world’s costliest spice i.saffron. This area is
dominated by flat and gentle slope topography awiti lvere selected for

the present study.
3.1.6 Natural vegetation

Vegetation being the active soil forming factor ajhg influences
soil evolution. The natural vegetation in the stualya is scanty and
consists of some species of grasses. Kaewa tops are studded with
apple, pear and almost orchards, besides othértiiees existing at most of

the places in the area.

The common natural vegetations (plants) in the ystadea are
willow (Salix alba), popular Populus deltoids), kiker (Robinia

pseudoacacia), chinar Plantanus orientalis) and walnut Juglans regia).
3.1.7 Landuse

Cultivation of saffron Crocus sativus) is the main agricultural
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activity in the Pampore plateau alongwith the ordeaof almonds in the
areas of Wuyan, Mueej and Munipur, whileas maigeseled and walnut
trees are found alongwith the cultivation of satffiia the terraces of Shar
and Khrew areas. Scarcity of water for irrigatisrthe main problem, being
rainfed has resulted in declining yields of safffaym past few years due to

rain deficit.

3.2 Methods of field study
3.2.1 Selection of profile sites

A general reconnaissance of the study area wasriakeén and
during the course of traversing, the soil map ohda and Kashmir
prepared by NBSS&LUP (Sehgal, 1994), and the indwp of saffron
growing areas of Pampore scale of 1:2,50,000 (Soilvey Organisation,
Department of Agriculture, Kashmir) was constantbed. Land use — land
cover map of Pulwama district of scale 1:1,00,0@&3 wlso used (Fig. 1).
On the basis of heterogeneity in apparent soil wpltopography and

aspect, the solil profiles were exposed in the studg Karewas).
3.2.2 Collection of soil samples

Fifteen profiles at respective sites were seleeted exposed to a
depth of 120 cm and more (Fig. 1). The studies waxde according to the

methods of the Soil Survey Manual and as per thefdpma for soil-site
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description and soil characteristics’ (Sehgal, 199%he soils were
classified as per ‘soil taxonomy’ (Soil Survey $taf999) by following
‘keys to soil taxonomy’ (Soil Survey Staff, 1998)he locations selected

were .

S. Location Profile number District

No.
1. Alochibagh P Pulwama
2. Samboora P Pulwama
3. Borus R Pulwama
4.  Lethpora P Pulwama
5. Chandhore P Pulwama
6. Konibal R Pulwama
7. Gundibal P Pulwama
8. Ladoo R Pulwama
9. Shar B Pulwama
10. Khrew Ro Pulwama
11. Balhama R Pulwama
12.  Munipur R, Pulwama
13.  Wuyan [ Pulwama
14. Mueegj R4 Pulwama
15. Sempur R Pulwama
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Study site giving glimpse of soil devabment as effected

by the aspect

A : Northern aspect
B : Southern aspect

Plate-1:-



3.2.3 Morphological Characteristics

The morphological characteristics of soil profilegere studied
according to the procedure given in soil survey maan (USDA — Hand

book. 18).

The soil colour was compared with Munsen’s SoildDo Notation.
The other morphological characteristics like tegfustructure, consistency,
plasticity and other special features were all deed and noted for each
profile. Soil samples were collected from differdmdrizons of each soll

profile, and were subjected to laboratory analysis.
3.2.4 Collection of soil samples for nutrient indeixg (NI)

Samples from all representative areas were takemed and
composited after due quatering. Samples numberuggere also taken
from these representative sites but not mixed amdposited to develop a
nutrient index for each nutrient viz. N, P and Kspectively. Composited
sample reading were then compared with the reaalimgined from simple
soil samples to give the better understanding efuthriation present at a

location.
3.3  Methods of laboratory analysis

The soil samples collected from different horizamsl as composite
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samples were air dried and grounded in a woodetlepasd mortar.
Ambient soil was passed through 2 mm sieve for ighyschemical and

mineralogical analysis.
3.3.1 Physical and chemical analysis
3.3.1.1 Mechanical analysis

The mechanical composition of soil was determibgdnternational

Pipette Method as described by Piper (1966).
3.3.1.2 Soil pH

The pH of soil samples was determined in 1:2.5]):vsater
suspension with the help of glass electrode pH mase described by

Jackson (1973).
3.3.1.3 Electrical conductivity (EC)

The electrical conductivity of soil water extragas read with the

help of conductivity meter (Jackson, 1973).
3.3.1.4 Organic carbon

Organic carbon was determined by wet digestiorhatebdf Walkley

and Black (1934) as modified by Walkley (1935).
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3.3.1.5 Calcium carbonate (CaCg)

Estimation of calcium carbonation was done by #dgpRapid

Titration Method as described by Piper (1966).
3.3.1.6 Cation exchange capacity (CEC)

It was determined by the centrifuge method usioditsn acetate
solution (pH 8.2) for leaching and then sodium iomsre replaced by
ammonium ions using neutral normal ammonium aceth&e sodium
concentration was measured by flame photometricaltg serves the

measure of total CEC of the soil (Baruah and B&rthal998).
3.3.1.7 Exchangeable cations

The exchangeable cations viz. sodium, potassiuaciuen and
magnesium were extracted with neutral normal amoraracetate. Sodium
and potassium were determined by flame photomédtriednileas calcium
and magnesium were determined by atomic absorgpectroscopy using

atomic absorption spectrometer.
3.3.1.8 Available nitrogen

The available nitrogen was estimated by aalkalpggmagnate

method as given by Subbiah and Asija (1956).
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3.3.1.9 Available phosphorus

The available phosphorus was extracted by Olsextiactant (0.5 N
NaHCQ; at pH 8.5) and colour was developed by stannolmridb. The
percentage transmittance was measured with thedfedpectrophotometer

at 660 nm wave length (Jackson, 1973).
3.3.1.10 Available potassium

The available potassium was extracted with onemabrneutral
ammonium acetate (1 N NHDAC, pH 7.0) and determination was carried

out with the help of flame photometer using K-fil{@ackson, 1973).
3.3.2 Micronutrient cation analysis (DTPA-extractabie)

For micronutrient estimation, the method of Lingsend Norvell
(1978) was used. Ten grams of soil of each soilpbamwere shaken for 2
hours with 20 ml of extracting solution consistiofy0.005 M DTPA (di-
ethylene triamine penta acetic acid), 0.01 M Gaid 0.1 N TEA (Tri-
ethanol amine) buffered at 7.3, the filtrate waalgsed for zinc, copper,
manganese and iron using atomic absorption speetesm after

standardizing the instrument with proper standards.
3.3.3 Mineralogical analysis

Three profiles were randomly selected for minegalal analysis of
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clay fractions. Soil samples from only sub-surfaceizons were selected

for fine fraction mineralogy.
3.3.3.1 Separation of clay

For separation of clay fraction, method as outdibg Black (1965)
was followed. Briefly it consists of treating theilswith sodium acetate
buffer (pH 5.0) for removing calcium carbonate atter salts. Organic
matter was removed by treating it with® and sodium bicarbonate-citrate
—dithionite was used for removal of free iron osd®lehra and Jackson,
1960). The disaggregation was achieved by using N.INaOH as

dispersing agent.
3.3.3.2 Analysis of clay fraction

The analysis of clay fraction was done with X-diffraction using
Phillips X- ray diffractometer with Ca-K alpha rations (Goniometer
scanning speed of %/Minute, voltage of 40 KV, amperage of 20 mA and
radiation wave length of 1.54 °A The sequence followed for X-ray
diffraction in respect of slides followed was: Mgturation, Mg-Saturated

and glycolation, K- saturated and K-saturated asatdd (550C).
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3.4  Statistical analysis

The data was statistically analysed following stendard procedures
outlined by Gomez and Gomez (1984). Coefficientaifrelation between
the different physico-chemical properties and add nutrients was done

using statistical softwarepss.
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CHAPTER -4

EXPERIMENTAL FINDINGS

The results pertaining to the present investigatientitled
“Characterization, Classification and Nutrient Irohg of Saffron Growing
Soils of District Pulwama” are presented in thiaugter under the following

headings:

4.1 Characterization of saffron growing soils
4.1.1 Soil site description

4.1.2 Morphological characteristics

4.1.3 Physico-chemical characteristics
4.1.3.Particle size distribution

4.1.3.2Soll reaction

4.1.3.3Electrical conductivity

4.1.3.40rganic carbon

4.1.3.5Calcium carbonate

4.1.3.6Cation exchange capacity
4.1.3.7Exchangeable cations and base saturation
4.2  Mineralogical characteristics

4.3  Physcio-chemical and nutrient status of soils (cosite samples)

4.3.1 physico-chemical characteristics
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4.3.2 Nutrient status of soils
4.3.2.Available Nitrogen, Phosphorus and Potassium
4.3.2.2Micronutrient cation distribution

4.4  Relationship between physico-chemical propertiesaailable
nutrients (composite samples)

4.5  Nutrient indexing
4.1 Characterization of saffron growing soils

After conducting a general traversing of the stadga viz., district
Pulwama, which is dominated by saffron cultivat@ncommercial scale,
15-profiles were exposed at the representatives qii¢ap-1) based on
heterogeneity in apparent soil colour, topographyd aaspect. The
morphological, physico-chemical and mineralogicabperties of these

profiles were studied and described here under :
4.1.1 Soil site description

The soil site description was observed followinge thtandard
proforma of soil site description of NBSS&LUP sdiulletin No. 23
(Sehgal, 1994). The selected profiles varied inalen, topography, slope,
aspect and natural vegetation. The variation imatien ranged from 1582
to 1672 amsl (Table-1). The topography was almestlg level in all the

profiles except & P,, Po Pi; and R, respectively. The slope gradient
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Table 1: Soil site characteristics of saffron gromg areas of Pulwama district

Profile Location Elevation Topography Slope (%) Aspect Latitude Longitude Natural vegetation
No. (amsl)
Willow, kikar, almond, rose,
P. Alochibag 1637 Near level 0-1 Southern 3358.22'N 7456.494E | shrubs and grasses
Poplar, willow, kikar, wild
P, Samboora 1642 Near level 0-1 Southern 3358.012N 7456.944E fig, grasses and shrubs
Willow, poplar, fig, rose,
P, Borus 1644 Near level 0-1 Southern 335%.503N 7458.930E bushes and shrubs
Willow, poplar, fig, poppy,
P, Lethpora 1632 Near level 0-1 Southern 3358.418N 3456.861E | rose, bushes and shrubs
Willow, poplar, wild fig, rose,
Ps Chandhore 1643 Near level 0-1 Southern 3359.279N 745%.234E | mulberry, bushes and shrubs
Willow, poplar, almond, rose,
Ps Konibal 1661 Near level 0-1 Northern 3400.097N 745%.098E | bushes and shrubs
Willow, kikar, fig, mulberry,
P, Gundibal 1632 Near level 1< Northern | 3359.908N | 7458.89ge | 0S¢ and other shrubs and
grasses
Vi " Almond, kikar, poplar,
Pq Ladoo 1648 eg%giﬁg € 1-3 Northern | 3400.085N | 7500.356E | willow, rose and other shrubs

and grasses
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Table 1 Contd...

Contd...

Almond, kikar, poplar, willow,

I

Py Shar 1672 Very gentle 1-3 Northern 3400.027N 750.434E rose, maize, linseed and othe
sloping shrubs and grasses
Almond, kikar, poplar, willow,
Pio Khrew 1652 | Vew@entle |y 5 | Northern | 340k242N | 7500.280E | OS¢ and other shrubs and
sloping grasses
Almond, kikar, poplar, willow,
Py, Balhama 1617 | Vevgenle | g3 | Northern | 3402.176N | 7455.727E | [0S a@nd other shrubs and
sloping grasses
Almond, kikar, poplar, willow,
rose and other shrubs and
P Mueej 1616 Very gentle 1-3 Northern 3400.956N 7456.591E
s|op|ng grasses
Willow, kikar, poplar, wild fig,
P Munipur 1634 Near level 0-1 Northern | 3400.70IN | 745m.999g | Mulberry, rose and other shrubs
and grasses
Willow, kikar, poplar, pear, wild
fig, mulberry, rose, chestnut and
P14 Wuyan 1623 Near level 0-1 Northern 340%.843N 7454.598E | other shrubs and grasses
Willow, kikar, poplar, pear, wild
Pis Sempur 1582 Near level 0-1 Northern 340%.993N 7454.883E | fig, mulberry, rose, chestnut and

other shrubs and grasses
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ranged from< 1 per cent to 1-3 per cent in near level and \gewptle

sloping areas. The selected profile were locate8aanthern and Northern
aspect of the District Pulwama and maximum numibéhese were located
in the northern aspect except P, P;, P, and R, respectively. The natural
vegetation in the area in excess to saffron was, wilow, almond,

popular, kikar, wild rose, poppy, wild fig, mulbgrand other shrubs and
grasses. The profiles located at higher elevatieasawere also dominated

in excess to saffron and other vegetation by mamklinseed.
4.1.2 Morphological characteristics

The morphological characteristics of the varioud goofiles in
terms of colour, texture, structure, consistenci;c. eare detailed in
Appendix-1 and briefly mentioned in Table-2. Thdao of the soil in the
surface horizons of southern aspect varied fromwh(dOYR °/5)/dark
brown (10YR*/3)/dark yellowish brown (10YR/,) to pale brown (10YR
“I5)/ yellowish brown (10YRY/,) while as profiles of northern aspect surface
horizons varied from dark brown (10YR)/very dark brown (10YR/,) to
dark yellowish brown (10YR/,). In the subsurface horizons of the southern
aspect the colour varied from brown (10Y&/dark brown (10YR/,)/dark
yellowish brown (10YRY,) to light yellowish brown (10YR%,)/dark

greyish brown (10YR/5) and yellowish brown (10YR/,). While as, the
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colour in the sub-surface horizons of the northespect varied from dark
yellowish brown (10YRY/,) or yellowish brown (10YRY/,)/brown (10YR
*/,) to dark greyish brown (10YR,)/very dark grey (10YRY/,). The data
revealed that the colour of the surface horizonthefnorthern aspect, was
darker with a value of 2 to 5 and chroma of 2 tehktre as southern aspect
profile horizons had lighter colour with a valok5 to 6 and chroma of 3

to 6.

The texture of surface horizons of southern aspbeanged from
loam to silty clay loam/clay loam and silt loamsitty clay loam/clay loam
where as on the northern aspect, it changed fram/silt loam to clay
loam/sandy loam. However, in P15 it remained ctagm through out the
depth. The texture became finner with the increasgepth in most of the

profiles.

The structure of north facing profiles was fine, aknedium
granular and medium/coarse moderate angular blackysub-angular
blocky where as on southern aspect it was weakddenate angular/sub-
angular blocky. The consistency of the soils ofd&d pedons varied
widely. In surface horizons of northern aspectwis hard/slightly hard
when dry and friable/very friable to firm when moi®n the other hand in

southern aspect the consistency of soils was gfigphrd/hard when dry
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Table 2: Morphological characteristics of soil pofiles of Saffron growing areas of district Pulwama

Effervese
Loqation Horiz Depth Colour (moist) Texture Structure Consistence Boundary nce with Cutans
(profile No.) on (cm) dil. HCI
Size Grade Type Dry Moist | Wet Dist. Topography Tpe Thickness quality
1) 2 3) 4 ®) (6) ) () ) (10| (@1 (12) (13) (14) (15) (16) 7
Ap 0-20 Brown (10 YR 5/3) sil 2 m sbk h mfr WS [ 5 - - - -
AB 20-52 Brown (10 YR 5/3) sil 2 m sbk h mfr ws| c S - - - -
Alochibag (R) B1 52-75 Dark bzc;;\;n (10 YR sicl 2 m sbk - mfi ws c s - - - -
B, 75-120 Dark greyish with sicl 2 m abk - mfi ws - - es - - -
brown (10 YR 4/2)
AP 0-20 Yellowish brown | 1 m sbk sh mfr wso c s - - - -
(10 YR 5/4)
Bw; 20-35 Light yellowish brown cl 2 m abk h mfr wss c s - - - -
(10 YR 6/4)
Samboora () Bw, 35-87 Yellowish brown cl 2 m sbk - mfi ws c s es - - -
(10 YR 5/4)
Bw; 87-120 Dark greyish brown cl 2 m abk - mfi ws - - es - - -
(10 YR 4/3)
Ap 0-25 Yellowish brown | 1 m sbk h fr WSO0 c s - - - -
(10 YR 5/6)
AB 25-54 Yellowish brown | 1 m abk - fr wso c s - - - -
10 YR 5/6
Borus (B) Bw; 54-85 I(Dark browr)l cl 2 m abk - fi WSS g s e
(10 YR 4/3)
Bw, 85-120 Dark brown cl 2 m sbk - fi ws - - es - - -
(10 YR 6/3)
AP 0-20 Palérown sil 1 m sbk h fr wso c s - - - -
(10 YR 6/3)
BA 20-54 Brown (10 YR 5/3) sil 2 m sbk - fr WS d w e - - -
Lethpora (R) B, 54-89 Yellowish brown sicl 2 m sbk - fi ws c s es - - -
(10 YR 5/4)
B, 89-120 Dark grewh brown cl 2 m sbk - Vi ws - - ev - - -
(10 YR 4/2)
AP 0-22 Brown (10 YR 5/3) sil 2 m sbk h mfr ws| c s - - - -
BA 22-52 Brown (10 YR 5/3) sil 2 m sbk - fr ws! c 5 - - - -
Bw. 52-88 Yellowish brown cl 2 m abk - fi wss s - - - -
Chandhore (§ o (10 YR 5/4) 9
Bw, 88-120 Dark greyish brown cl 2 m sbk - fi ws - - es - - -
(10 YR 4/2)
Contd...
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Symbols used in Morphological characterization (Thle 2) of soils

BOUNDARY

c= Clear
g=gradual
s=smooth
i=irregular
w=wavy
d=diffused

TEXTURE

|=loam

cl=clay loam
sil=silt loam
sicl=silty clayloam
sl=sandy loam

STRUCTURE EFFERVESCENCE
1=weak e=slight
2=moderate es=strong

m=medium ev=voilent
c=coarse CUTANS

f=fine t=Argillans
sbk=sub- angular blocky tn=thin
abk=angular blocky
gr=granular

CONSISTENCE

d=dry s=sticky
m=moist ss=slightly sticky
w=wet vs=very sticky
h=hard p=plastic

sh=slightly hard wsaticky but non-plastic
fr=friable fi=firm  vfi=very firm
vir=very friable mfr=moderately friable

mfi=moderatley firm
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Table 2 contd...

Effervese
(pIFngil?eul(\)lg ) Horizon D(grpr)]t)h Colour (moist) Texture Structure Consistence Boundary r;(l:le |Y|V(|:t|h Cutans
Size Grade Type Dry | Moist | Wet Dist. Topography Tpe Thickness quality
@ 2 (3) 4) (5) (6) )] 8) 9) (10| (11 (12) (13) (14) (15) (16) 17)
Ap 0-15 Dark brown | 1 m ar sh fr wso c s - - - -
(10 YR 3/4)
Bw 15-35 Dark yellowish brown | 2 m abk h fi wso g s - - - -
) (10 YR 3/4)
Konibal (R) Bt; 3-587 Light yellowish brown cl 2 m abk - fi ws c w - t tn Patchy
(10 YR 6/4)
Bt, 87-120 Very dark greyish cl 1 m sbk - Vi wWvs - - es t tn Patchy
(10 YR 3/2)
Ap 0-17 Dark brown sil 1 m sbk sh fr wso c s - - - -
(10 YR 4/3)
B 17-40 Dark yellowish brown cl 2 m - h fi wss g w - - - -
. (10 YR 4/4)
Gundibal (7) Bt; 40-87 Dark yellowish brown cl 2 c abk - fi ws g w - t tn Patchy
(10 YR 4/3)
Bt, 87-120 Dark greyish brown Cl 1 m sbk - vfi ws - - ev t tn Patchy
(10 YR 4/2)
Ap 0-15 Brown | 2 c abk h fi ES c s - - - -
(10 YR 5/3)
A 15-37 Light greyish brown cl 2 m abk - Vi ws g s - - - -
Ladoo (R) (10 YR 6/2)
C, 37-85 Light greyish brown | 1 f sbk - fr wSso g s es - - -
(10 YR 6/2)
C, 85-120 Pale brown | 2 [ sbk - fr Wso - - ev - - -
(10 YR 6/3)
Ap 0-20 Brown sil 1 m abk h fr wso c s - - - -
(10 YR 5/3)
Ac 20-55 Dark greyish brown cl 2 m abk h fi wss c s - - - -
(10 YR 4/2)
Shar (8) Cy 55-90 Dark greyish cl 1 m abk - fi ws d e - - -
(10 YR 4/1)
C, 90-120 Very dark greyish SI 2 m abk - fr wso - - es - - -
(10 YR 3/1)
Ap 0-20 Dark brown | 1 m gr h fr wso d s - - - -
(10 YR 4/3)
C 20-47 Dark yellowish brown sl 2 m sbk h fi WSS d s - - - -
Khrew (Ro) (10 YR 4/4)
0 C, 47-82 Dark yellowish brown sl 2 m sbk h fi WSS d s e - - -
(10 YR 4/4)
Cs 82-120 Dark yellowish brown sl 2 m abk - fr wSso - - es - - -
(10 YR 4/3)
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Table 2 contd...

Location Depth Structure Consistence Boundary Effervese Cutans
(profile No.) Horizon (cm) Colour (moist) Texture Size Grade Type Dry Moist | Wet Dist. topography gﬁeﬁvgr Type | Thickness quality
@ (2 ®3) 4 )] (6) @) 8) 9) (10| (@1 (12) (13) (14) (15) (16) 17)
Dark yellowish brown
Ap 0-15 (10YR 4/4) cl 1 f sbk h fr wss g s - - - -
Cy 15-42 Greyish brown | 2 m sbk sh fi Wso g S e - - -
Balhama (R) (10YR 5/2)
C 42-90 Dark brown | 2 m sbk - fi wss g s es - - -
2 (10YR 4/3)
Yellowish brown )
Cs 90-120 (10YR 5/6) | 2 m sbk - fi WSso0 - - es - - -
Yellowish brown .
Ap 0-15 (10YR 5/4) sil 1 f sbk h fr wso c s - - - -
AC 15-35 Dark 31%”\;)'\::\1 |§/r:1brown cl 1 m abk h fi wss c s e - - -
Mueej (Ro) ( - )
C 35-87 Greyish brown cl 1 m sbk - Vi ws g i e - - -
* (10 YR 5/2)
: Brownish grey " ) . B ) R } )
C, 87-120 (10 YR 612) sil 1 m sbk fi Wso es
Very dark brown
Ap 0-28 (10 YR 2/2) | 1 f ar sh vir wss c s - - - -
Dark yellowish brown
Munipur (R Bw 28-72 (10 YR 4/4) cl 2 m sbk h fr ws g - - - -
3 Dark yellowish brown )
Bt 72-95 (10 YR 3/4) cl 2 m sbk - fi ws g i - t tn Patchy
Brown )
Bt, 95-120 (10 YR 5/3) cl 2 c abk - fi ws - - es t tn Patchy
Dark yellowish brown
Ap 0-17 (10 YR 4/4) | 1 f abk sh vir wso g s - - - -
BA 17-45 Dark yellowish brown cl 2 m abk h fr wso g i - - - -
Wuyan (R) (10 YR 3/4)
g ) Bt 45-86 Yellowish brown cl 2 c abk - fi ES c w e t tn Patchy
! (10 YR 5/4)
Pale brown .
Bt, 86-120 (10 YR 6/3) cl 2 c abk - fi ws - - es t tn Patchy
Very dark brown
Ap 0-15 (10 YR 2/2) cl 1 f sbk sh fr wso g s - - - -
Brown ]
Sempur () AB 15-48 (10 YR 4/3) cl 2 m sbk h fi wss g s - - - -
P Bt 48-85 Yellowish brown cl 2 c abk - il ws s - t tn Patch
1 (10 YR 5/4) 9 Y
. Light yellowish brown } . ) :
Bt, 85-120 (10 YR 6/4) cl 2 c abk Vi WVs es t tn Patchy
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and friable when moist. In the sub-surface horizointhe northern aspect it
was slightly hard to hard when dry and very friffioiable to very firm

when moist. Whereas on southern aspect the comsystd the sub-surface
horizons was hard when dry and friable to firm whawpist. On southern as
well as on northern aspect, the lower horizons gbeffervescence with

dil. HCI, indicating the calcareous nature of pamaaterial.
4.1.3 Physico-chemical characteristics

Perusal of the data in Table-3, revealed that treents of coarse
sand varied from 1.30 to 2.40 per cent with medunevaf 1.82 per cent in
the surface horizons of the profiles on the south&spect, whereas in
northern aspect it varied from 1.60 to 3.70 pert eeith a mean value of
2.43 per cent. The coarse sand in the subsurfadgeohe on southern
aspect ranged from 0.40 to 1.80 per cent with anrvadue of 1.04 per cent
while as on northern aspect it ranged from 0.4@B.BD per cent with a
mean value of 1.72 per cent in subsurface horizbhs.coarse sand in the
studied profiles generally decreased with deptle flire sand in the surface
horizons varied from 10.50 to 31.40 per cent witm@an value of 22.86
per cent whereas, in the subsurface horizons ge@irom 9.0 to 36.0 per
cent with a mean value of 22.51 per cent on sonthspect. In northern

aspect the fine sand in the surface horizons rafrged 20.20 to 46.40 per
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cent with a mean value of 29.48 per cent. Wherneasybsurface horizons
it varied from 21.50 to 49.60 per cent with a mgalue of 30.24 per cent.

The contents of fine sand did not depict any tnerid depth.

The silt content in the surface and sub-surfacé&bons on southern
aspect varied from 42.70 to 67.50 per cent andd3#.$3.40 per cent with
a mean value of 53.92 and 48.65 per cent, resgdgti@n northern aspect
the silt content in surface and subsurface horizanged from 28.2 to 52.3
and 26.80 to 51.70 per cent with a mean value of34&nd 41.20 per cent,
respectively. The contents of silt did not show &eynd with the increase in
the depth. The clay content in surface horizonssadsurface horizons on
southern aspect ranged from 20.30 to 24.20 and®28.32.20 with a mean
value of 21.40 and 27.97 per cent, respectively déntents of the clay on
the northern aspect in surface and sub-surfaceedafrgm 16.60 to 27.50
per cent and 14.50 to 37.90 per cent with a mearewat 22.30 and 26.84
per cent, respectively. The contents of the clayeny gentle sloping lands
on northern aspect did not show any trend with luegtile as on level land
on southern and northern aspect the contents pfictaeased with depth.

The increase was more on northern aspects thahesawspects.
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Table 3: Soil particle distribution in soil profiles (texture) of Saffron growing areas of districPulwama

Soil separates (%)

Profile No. Horizon Depth (cm) . . Texture
Coarse sand Fine sand Silt Clay
1 2 3 4 5 6 I 8
Ap 0-20 1.5 10.5 67.5 20.5 sil
. AB 20-52 1.3 9.0 63.4 26.3 sil
Alochibag (R) B, 52-75 0.8 10.0 61.2 28.0 sicl
B, 75-120 0.6 12.8 58.2 29.6 sicl
Ap 0-20 1.7 31.4 42.7 24.2 I
Samboora (B Bw; 20-35 1.4 28.1 43.3 28.7 cl
Bw, 35-87 1.2 27.8 39.8 31.2 cl
Bw; 87-120 0.7 30.7 36.4 32.2 cl
Ap 0-25 2.2 31.2 46.3 20.3 I
Borus (R) AB 25-54 1.6 28.8 46.5 23.1 I
Bw;, 54-85 1.4 36.0 35.1 27.5 cl
Bw, 85-120 0.8 33.0 34.9 31.3 cl
Ap 0-20 1.3 16.5 60.5 21.7 sil
Lethpora (R) BA 20-54 1.8 9.5 63.0 25.7 s_iI
B, 54-89 0.5 11.2 60.3 27.7 sicl
B, 89-120 0.6 24.4 47.1 27.9 cl
Ap 0-22 2.4 24.7 52.6 20.3 sil
BA 22-52 1.6 22.4 51.2 24.8 sil
Chandhore (& 5, 52-88 0.9 26.4 45.5 27.2 cl
Bw, 88-120 0.4 27.5 43.8 28.3 cl
Condt.....
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Table 3- contd

Profile No. Horizon Depth (cm) Soil separates (%) Exture
Coarse sand Fine sand Silt Clay
1 2 3 4 5 6 7 8
Ap 0-22 2.2 31.6 46.7 195 |
. Bw 22-52 1.7 30.2 46.8 21.3 |
Konibal () Bt 52-88 13 27.8 428 28.1 l
Bt, 88-120 0.9 24.2 41.9 33.0 cl
Ap 0-17 2.4 30.6 50.4 16.6 sil
. B 17-40 2.1 28.7 42.2 27.0 cl
Gundibal (F) Bt 40-87 18 234 41.2 336 cl
Bt, 87-120 0.9 21.8 39.4 37.9 cl
Ap 0-15 2.4 22.7 48.7 26.2 |
Ladoo (R) A 15-37 2.0 26.6 39.7 31.7 cl
C, 37-85 14 28.2 46.9 235 |
C, 85-120 2.6 29.0 48.8 19.6 |
Ap 0-20 2.8 19.6 51.2 26.4 sil
Shar (B) AC 20-55 2.1 275 41.2 29.2 cl
C, 55-90 11 251 423 315 cl
C, 90-120 0.9 49.3 31.3 185 sl
Ap 0-20 3.7 46.4 28.2 21.7 |
C, 20-47 3.2 49.6 26.8 20.4 sl
Khrew (Pio) C, 47-82 2.8 48.7 29.6 18.9 |
Cs 82-120 2.7 485 29.2 19.6 |
Ap 0-15 1.9 30.6 471 20.4 |
C, 15-42 2.7 33.1 46.4 17.8 |
Balhama (ip,) C, 42-90 2.6 34.3 485 14.6 |
C, 90-120 2.6 34.7 48.2 145 |
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Table 3- condt

Profile No. Horizon | Depth (cm) Solil separates (%) éxture
Coarse sand| Fine sand Silt Clay
1 2 3 4 5 6 7 8
Ap 0-15 3.4 20.2 52.3 24.1 sil
Mueej (R,) AC 15-35 2.8 28.4 40.7 28.1 cl
C, 35-87 2.1 27.2 40.5 30.2 cl
C, 87-120 1.6 21.5 51.7 25.2 sil
Ap 0-17 2.2 30.4 47.2 20.2 I
Munipur (P.3) BA 17-45 1.8 29.2 41.4 27.6 cl
Bt; 45-86 1.4 26.6 40.6 31.4 cl
Bt, 86-120 1.2 29.7 36.1 33.0 cl
Ap 0-28 1.6 35.3 42.7 20.4 I
Wuyan (RJ) Bw 28-72 1.3 34.7 36.2 27.8 cl
Bt; 72-95 0.8 24.3 43.6 31.3 cl
Bt, 95-120 0.6 26.2 39.5 33.7 cl
Ap 0-15 1.7 27.4 43.4 27.5 cl
Sempur (R) AB 15-48 1.4 24.6 45.2 28.8 cl
Bt; 48-82 0.8 22.5 44.6 32.1 cl
Bt, 82-120 0.4 21.6 42.6 35.4 cl
Surface Mean 1.82 22.86 53.92 21.40
Southern Range 1.32-2.40 10.50-31.4( 42.70-67.50 23.30-2420
Subsurface Mean 1.04 22.51 48.65 27.97
Range 0.40-1.80 9.0-36.0 34.9-63.4 23.10-32.P0
Surface Mean 2.43 29.48 45.79 22.30
Northern Range 1.60-3.70 20.20-46.4( 28.20-52.30 16.60-27/50
Subsurface Mean 1.72 30.24 41.20 26.80
Range 0.40-3.20 21.50-49.6( 26.8-51.70 14.50-37/90
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4.1.3.2 Soil reaction

The pH value (Table-4) in the surface horizons orthern aspect
varied from 6.70 to 7.60 whereas, it varied frorhO7to 7.30 on southern
aspect. In sub-surface horizons, the pH of theheont aspect soils ranged
from 7.10 to 8.10 whereas, on southern aspechgeaa from 7.10 to 7.30.
The pH on the northern aspect was slightly acidiemgas on the southern
aspect slightly alkaline. The pH of soils on bosipects showed increasing

trend with depth.
4.1.3.3 Electrical conductivity

The electrical conductivity of the surface horizarfsthe southern
aspect varied from 0.10 to 0.19 dSmith a mean value of 0.136 dsm
whereas, on northern aspect it varied from 0.08.22 dsrit with a mean
value of 0.134 dsth The electrical conductivity in sub-surface horigmn
northern and southern aspect ranged from 0.0826 @nd 0.10 to 0.19
dsnmi’ with a mean value of 0.134 and 0.150 dsmespectively. The
electrical conductivity was more in subsurface rams than surface
horizons in both aspects. The increase was momeopreced in northern

than southern aspect (Table-4).
4.1.3.40rganic carbon

The data presented in Table-4, indicated that dmtenits of organic
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carbon in north facing pedons varied from 11.2008020 g kg soil in
surface horizons with a mean value of 14.80 g &gil. Whereas, in south
facing pedons it ranged from 14.70 to 17.20 g &gil with a mean value of
16.14 g kg soil. The subsurface organic carbon content irtheon and
southern pedons varied from 1.50 to 8.60 and 18601g kg" soil with
mean value of 4.08 and 6.84 gkgoil, respectively. The organic carbon
content decreased with depth on both the aspedtyvamed from 1.50 to
19.2 and 1.80 to 17.20 g kgsoil in northern and southern aspects,

respectively.
4.1.3.5 Calcium carbonate

The contents of calcium carbonate (Table-4) in #subsurface
horizons of northern and southern aspect ranged €@®0 to 7.00 per cent
and 0.00 to 5.80 per cent, respectively. The calatarbonate on both the

aspects was found in lower horizons only.
4.1.3.6 Cation exchange capacity

The cation exchange capacity of northern and soutaspect soils
showed slight variation and varied from 11.28 to215and 12.16 to 14.81

(cmol, kg soil) in the surface horizons of north facing pesland south
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Table 4 :

Physico-chemical properties of soil proles of Saffron

growing areas of district Pulwama.

_ _ Depth OC_1 Caco; CEC . Exchangeak_)lle c.ations Basg
Profile No. Horizon (cm) pH EC (9 k_g (%) (cmol? kg - (cmglC kg S?I|)) ] saturation
soil) soil) Ca Mg K Na (%)
1 2 3 4 5 6 7 8 9 10 11 12 13
Ap 0-20 7.2 0.17 16.0 - 13.52 782 245 0.87 Traces 82.39
Alochibag (R) AB 20-52 7.4 0.19 12.1 - 14.71 8.0p 2.§4 0.y8 Tsace 76.00
B: 52-75 7.6 0.15 7.5 - 16.84 9.87 2742 0.81 Traces 9.577
B, 75-120 7.9 0.20 4.8 3.6 16.93 921 280 0f78 TBace 75.55
Ap 0-20 7.3 0.19 14.7 - 14.12 796 248 0.92 Traces 80.45
Samboora (§ Bw; 20-35 7.6 0.15 115 - 16.56 955 2.69 0.81 Traces 78.80
Bw; 35-87 7.8 0.17 6.3 0.4 17.00 9.82 281 081 Trgces79.06
Bw; 87-120 8.1 0.20 4.5 4.9 17.18 951 26 0/86 TBace 76.43
Ap 0-25 7.2 0.12 17.0 - 14.62 811 246 0.1 Traces 78.93
Borus (R) AB 25-54 7.1 0.12 17.6 - 14.85 826 234 0.7y4 Tsace 76.36
Bw; 54-85 7.5 0.17 6.7 Traces 16.71 845 262 0.86aces 71.39
Bw; 85-120 7.8 0.11 3.6 1.6 15.14 816 285 0{f8 Tmace 81.84
Ap 0-20 7.2 0.10 15.8 - 12.16 6.85 190 0.92 Traces 79.52
Lethpora (R) BA 20-54 7.1 0.12 6.8 Traces 14.21 9.11 2p8 O0Oj76racés 85.50
B: 54-89 7.6 0.17 4.5 0.5 15.95 812 263 0J//2 Traces71.91
B, 89-120 7.9 0.11 3.4 5.8 16.11 9.32 295 0/84 Tmace 77.03
Ap 0-22 7.1 0.10 17.2 - 14.81 8.6/ 216 0.y6 Traces 78.26
Chandhore (8 BA 22-52 7.2 0.12 6.5 - 16.67 881l 252 0.Yy0O Traces 72.17
Bw; 52-88 7.5 0.14 41 - 18.29 9.70 2.71 0.y8 Traces 2.1727
Bw, 88-120 7.8 0.15 1.8 15 14.80 859 292 0f7f2 Bace 83.31
Ap 0-15 6.7 0.09 18.6 - 15.21 804 213 0.0 Traces 71.47
Konibal (R) Bw 15-35 7.1 0.10 8.0 - 14.31 8683 251 0.F1 Traces 82.81
Bt 35-87 7.8 0.12 3.6 - 17.20 990 261 0./y8 Traces 77.27
Bt, 87-120 7.5 0.14 1.8 2.5 18.50 9.2 2.y3 065 THace 70.86
Contd......
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Table 4 contd.....

_ _ Depth OC_1 Caco; CEC . Exchangeak_)lle c.ations Basg
Profile No. Horizon (cm) pH EC (9 k_g (%) (cmol? kg - (cmglC kg S?I|)) ] saturation
soil) soil) Ca Mg K Na (%)
1 2 3 4 5 6 7 8 9 10 11 12 13
Ap 0-17 6.7 0.04 19.0 - 12.65 8.6[7 1.95 0.y8 Traces 90.12
Gundibal (B) B 17-40 7.2 0.09 7.2 - 14.81 881 252 0.82 Traces 82.04
Bt 40-87 7.1 0.10 4.5 - 16.50 920 2.66 0.8 Traces 7.82/
Bt, 87-120 7.5 0.12 1.8 4.6 16.90 1043 2.f1 0|97 é&gac 83.49
Ap 0-15 7.3 0.21 11.5 - 12.15 7.16 142 0.86 Traces 77.70
Ladoo (R) A 15-37 7.4 0.17 5.8 - 13.76 7.29 1.57 0.5 Traces 69.84
C 37-85 7.6 0.17 2.4 1.5 11.51 7.06 1.837 070 Trdces79.32
C, 85-120 7.9 0.12 2.1 7.0 10.84 6.84 1.19 0J/72 Tace 80.72
Ap 0-20 7.4 0.19 12.1 - 12.31 6.6P 1.63 0.92 Traces 74.49
Shar (R) AC 20-55 7.3 0.14 6.4 - 13.17 7.13 1.84 0.9 Traces 74.11
C 55-90 7.6 0.10 3.0 0.6 13.65 7.15 1.21 063 Traces65.86
C, 90-120 7.5 0.09 1.8 2.8 11.60 6.91 1.23 0/69 THace 72.67
Ap 0-20 7.6 0.22 11.2 - 11.28 6.65 1.23 0.80 Traces 76.95
Khrew (Ro) C 20-47 7.9 0.19 54 - 11.00 6.2l 1.17 0.81 Traces 74.45
C, 47-82 7.8 0.16 2.9 0.6 13.46 7.21 1.54 071 Trdces70.28
Cs 82-120 8.1 0.18 15 1.5 10.45 6.15 1.01 0/78 THace 75.98
Ap 0-15 7.6 0.10 11.6 - 12.92 750 2.09 0.Y8 Traces 80.26
Balhama (R, C 15-42 7.2 0.08 5.7 Traces 10.81 5.80 172 0,75 cebra 76.50
. C, 42-90 7.5 0.08 3.1 1.1 9.40 4.70 1.61 0.80 Traces75.64
Cs 90-120 7.8 0.11 1.7 3.2 9.80 4.85 1.80 084 Trdces76.42
Ap 0-15 7.5 0.19 12.2 - 13.72 7.80 1.62 0.85 Traces 74.85
Mueej (R) AC 15-35 7.3 0.10 6.1 Traces 14.11 8.15 2/08 O\77racds 77.96
C 35-87 7.5 0.14 3.2 0.8 15.20 8.21 1.62 079 Trdces69.86
C, 87-120 7.5 0.09 1.6 1.2 13.80 6.04 1.21 0/71 THace 57.68
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Table 4 contd.....

. _ Depth OC_1 CaCo CEC _ Exchangeak_)lle c.ations Basg
Profile No. Horizon (cm) pH EC (9 k_g (%) 3 (cmolcl kg (cmol, kg™ soil)) saturation
soil) ! soil) ca® | Mg” | K* Na (%)
1 2 3 4 5 6 7 8 9 10 11 12 13
Ap 0-17 6.8 0.14 18.3 - 12.33 6.29 172 0./6 Traces 71.13
Munipur (Ps) BA 17-45 7.2 0.17 7.2 - 14.12 734 227 0.y1 Traces 73.09
U (s Bt, 4586 | 7.8 | 0.20 2.9 - 15.23 761 241 058 Traces 9.606
Bt 86-120| 7.6 0.25 1.7 2.6 16.15 7.92 258 0/88 THace 70.46
Ap 0-28 6.7 0.04 19.2 - 11.75 6.81 2.04 0.y0 Traces 81.28
Wuyan (R.) Bw 28-72 7.4 0.09 8.6 - 12.29 7.00 251 0.2 Traces 83.97
4 Bt; 72-95 7.5 0.10 4.7 Traces 15.17 8.27 2J76 0,66 cebra 77.06
Bt, 95-120| 7.8 0.10 2.0 1.3 16.90 9.08 292 0{r6 THwace 75.50
Ap 0-15 6.7 0.12 14.0 - 11.81 742 1.75 0.80 Traces 84.42
Sempur (R) AB 15-48 7.5 0.16 8.1 - 12.65 7.72 183 0.y8 Traces 81.66
> Bt; 48-82 7.8 0.18 54 0.2 15.17 85896 2.y7 081 Traces80.03
Bt 82-120| 7.6 0.19 2.1 2.5 16.51 9.11 291 0/67 THace 76.86
Mean 7.20 0.14 16.14 - 13.85 7.88 2.29 0.89 79.p1
Surface Range 7.10- 0.10- 14.70- ) 12.16- 6.85- | 1.90- | 0.76- | 78.26-
Southern 7.30 0.19 17.20 14.81 8.67 2.48 0.97 82.39
Mean 7.59 0.15 6.84 0.61 16.13 9.01L 6.62 0.Y8 7714
Subsurface Range 6.70- 0.11- 1.80- 0.00-5.80 14.21- 8.06- | 2.25- | 0.70- | 71.39-
8.10 0.20 17.60 ' ' 18.29 9.87 2.92 0.86 85.50
Mean 7.10 0.13 14.80 - 12.61 7.30 1.76 0.80 78.R7
Surface Range 6.70- 0.04- 11.20- ) 11.28- 6.29- | 1.23- | 0.70- | 71.13-
Northern 7.60 19.2 19.20 15.21 8.67 2.13 0.92 90.12
Mean 7.54 0.13 4.08 1.13 13.83 7.6p 2.03 0.Y6 75/33
Subsurface | gange | L1000 1150860 000070 9.40-18.505 9 | TO- | 0631 o768
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facing pedons, respectively (Table-4). The catiwchange capacity of soil

was high in lower horizons than upper horizons mmgjed from 9.40 to

18.50 and 14.21 to 18.29 (craddg™ soil) on northern aspect and south
facing pedons, respectively. The cation exchangaaty did not depict

any trend with depth on northern aspects with Bi3gent slope.
4.1.3.7 Exchangeable cations and base saturation

The data presented in Table-4 indicated that thehangeable
calcium was the dominant cation in the studied ssdibllowed by
magnesium and potassium, respectively. The contehtexchangeable
calcium in the surface horizons of northern andfsenn aspects in levelled
lands ranged from 6.29 to 8.67 and 6.85 to 8.67olcrkg’ soil),
respectively. Whereas, on north facing pedons Wi per cent slope, it
varied from 6.62 to 7.80 ( cmokg™ soil). The contents of exchangeable
calcium showed increase with the increase in thghden northern and
southern aspect with slope 0-1 per cent, whereasnarthern aspects
having 1-3 per cent slope, it did not depict amgntr with depth. The
contents of exchangeable magnesium in surfacedmroz north and south
facing pedons varied from 1.23 to 2.13 and 1.92.48 (cmal kg soil),
respectively. In subsurface horizons on northemh ssuthern aspects, the

soil exchangeable magnesium ranged from 4.70 #431&nd 8.06 to 9.87
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(cmol, kg' soil), respectively. The exchangeable magnesiumwst
increasing trend with depth in north facing pedowhereas, on south
facing pedons, it did not exhibit any trend withptte The exchangeable
potassium in the surface horizons of the studield saried from 0.70 to
0.92 and 0.76 to 0.97 (cmdtg” soil) in northern and the southern aspect,
respectively. In subsurface horizons of north aadtls facing pedons it
varied from 0.63 to 0.98 and 0.70 to 0.86 (cnkai* soil) with mean values
of 0.76 and 0.78 (cmglkg”’ soil), respectively. The exchangeable

potassium did not depict any trend with depth in aspect.

The base saturation ranged from 71.13 to 90.127826 to 82.39
per cent in north and south facing pedons, respaytilt in subsurface
horizons ranged from 57.68 to 83.97 and 71.39 t6@Bper cent in northern
and southern aspect, respectively. In generakdtahsed with increase in

depth of soil. However, it did not depicted anyntien particular aspect.
4.2  Mineralogical characteristics

The profiles were randomly selected for mineratafistudies
through x-ray diffraction. The profiles selectedre&amboora @, Khrew
(P1o) and Sempur (). All the profiles selected on the basis of diffiece in
profile morphology and aspect, were subjected tay anineralogical

studies.
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The relative abundance of clay minerals obtained Xyay
diffraction analysis of clay samples is presentable-5. The important ‘d-
spacing’ values with respect to correspondiryj {&lues are presented in
Appendix-1l. Due to similarity in diffractograms dfifferent clays, only

representative ones are described.

The representative soil clay collected from différeaspect and
topography (levelled and gentle sloping lands) stubwtrong reflection at
10.0 to 10.02 Ain magnesium saturated samples with higher ordek jat
about 5, 4.98, 2.57, 3.34 and 3.33 Ahe glycolated samples showed the
basal reflection of 10.0 to 10.02 AUpon heating the samples, the spacing
did not expand but the reflection become more sgenndicating the
presence of illite. The 10Aeflections did not show asymmetrical broading
towards ® angle suggesting the presence of illite (almostepand

unweathered with good amount of K) (Figs. 2-4).

The diffraction spacing of ~14A° obtained from magnesium
saturation, may be contributed by smectite, hydroxyterlayered
vermiculite or chlorite or by mixture of these sj@sc On glycolation, a
portion of 14A& expanded to 17Aor more, indicating the presence of
smectite in clays of southern aspect and that mesept at higher elevation

with very gentle slope. Among 14Aninerals, chlorite was one of the
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components because of persistence of some porftibdAS reflection after
heating potassium saturated clays at’65i0 soils with very gentle slope.
Heating of samples to 55C serves two important functions in collapsing
hydroxyl interlayered vermiculite, which containsomexchangeable
interlayer hydroxyl complexes. The magnesium s#&bdreand hydrated
vermiculites yield 148 peak that doesn’t expand to 11.0after heating at

55C°C.

Minerals of kaolinite group are characterized byrsg reflection at
7.2 A’ and 2.6 A, which disappears and decreases in intensity emt
treatment. The reflection observed in these samatlés14 to 7.17 Aand
3.5 to 3.6 A& are relatively weak and decreased in intensitgrdieating,
thus presence of kaolinite is confirmed. Quartz &ldspar seems to be
present due to the reflections at 4.20, 4.25, 44283 and 4.77 A The
intensity of 14.0 A reflection reduced due to heating with relativer@ase
in 10.0 A’ reflection may suggest the presence of mica-variitéc as
mixed layer. The quantitative estimate for clay enals is of the order of
illite, mixed layer, hydroxyl interlayered vermidi@, smectite, chlorite =

kaolinite and others (quartz and feldspar).

The most abundant clay minerals in soils under shgation was

illite (Table-13). It ranged from 55 to 59.5 penté the soils of southern,
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northern-levelled and northern-very gentle slopisgils, respectively.
Mixed layer mineral was the second most abundameral (14-17 %).

Other constituting minerals in the clay fraction revehydroxyl inter-

interlayed vermiculite (6-10 %), kaolinite (5-9%}lorite (3-9%), smectite
(3-6%) and quartz and feldspar (1-3 %). As evidgotn quantitative

estimate of clay minerals (Table-14), contentsaadlinite was maximum in
the soils of levelled northern soils as compareth vathers, where no
systematic distribution of chlorite was found irethlay minerals of the
soils. Apart from variation in the content of diéat minerals of clay
fraction, no systematic difference in potassium eratogy was observed.

All the soils contained illite in greater amount.
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Relative abundance of clay minerals in $on growing soils of District Pulwama

Table5:
Clay minerals
Pedon Location Sample Aspect Topography Others*
Hydrozyl .
Chlorite | Smectite | inter layered lllite Kaolinite Mixed
S layers
vermiculite
P, Samboora| Sub- Southern Near level + + + ++++1 ++ +++ Traces
surface
Pio | Khrew Sub- Northern Very gentle + + + +++++ + +++ Traces
surface sloping
Pis Sempur Sub- Northern Near level + + ++ ++++4 ++ ++ Traces
surface

* Quartz and fledspar

92



Table 6 :

Relative abundance of clay minerals in $on growing soils of District Pulwama

Clay minerals
Pedon Location Sample Aspect Topography Hydrozyl e Others*
Chlorite | Smectite | inter layered lllite Kaolinite |
vermiculite ayers
P> | Samboora  Sub-| Southern| Near leve 9.0 4.0 7.5 59.6 5. 14.0 1
surface
P10 Khrew Sub- | Northern Very 8.5 6.0 6.0 56.5 8.0 15.% 1.5
surface gentle
sloping
P15 | Sempur Sub- | Northern| Near leve 3.0 3.0 10.0 55.0 9.0 17.0 3
surface

* Quartz and fledspar
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4.3  Physico-chemical and nutrient/fertility statusof soils
4.3.1 Physico-chemical characteristics
4.3.1.1 Particle size distribution
Perusal of the data in Table-7 depicts the vamnaiticthe contents of

coarse sand, fine sand, silt and clay in compasitesamples. The contents
of coarse sand ranged from 1.24 to 2.4 and 1.5li@dr cent with mean
values of 1.74 and 2.61 per cent in the southemh @orthern aspect
composite samples, respectively. The coarse samgmoalso varied with
the topography of the land. In near level landgjtenots of coarse sand
varied from 1.50 to 2.90 per cent with a mean vahfie2.01 per cent,
respectively. Whereas, on the gently sloping lahdscoarse sand contents
ranged from 2.10 to 4.10 per cent with a mean vafu294 per cent. It is
also revealed from the table that coarse fractofrsaind are predominant in
sloping areas as compared to near level lands.fihkesand in the north
facing and south facing composite soil samplesedafiom 21.60 to 48.50
and 9.50 to 32.60 per cent with mean values of132r&d 22.68 per cent,
respectively. In gently sloping lands the fine sdrattion varied from
21.60 to 48.50 per cent with a mean value ofl@®er cent, whereas in
level lands it ranged from 9.50 to 36.40 per centh a mean value of
15.50 per cent. The fine sand fraction of soil ¥easd higher in northern

and very gentle sloping soils as compared to southad levelled lands.
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Table- 7: Particle size distribution in compositesamples (0-15 cm depth) of Saffron growing areas of
district Pulwama
Composite Location Elevation Topography Slope Aspect Latitude Longitude Soil separates (%) Textue
sample No. (amsl) (%) Coarse | Fine sand Silt Clay
sand
1 2 3 4 5 6 7 8 9 10 11 12 13
Ci Alochibag 1637 Near level 0-1 Southern  °5B3228N 74°56.494E 1.2 9.5 68.6 20.7 sil
C; Samboora 1642 Near level 0-1 Southern 338.012N 74°56.944E 1.8 32.6 42.1 23.5 |
Cs Borus 1644 Near level 0-1 Southern 3537.503N 74°58.930E 24 31.7 44.2 21.7 |
Cy Lethpora 1632 Near level 0-1 Southern 358.418N 74°56.861E 1.2 14.1 63.4 21.3 sil
Cs Chandhore 1643 Near level 0-1 Southern 359.279N 74°57.234E 2.1 25.6 51.7 20.6 sil
Ce Konibal 1661 Near level 0-1 Northern 32D0.097N 74°57.098E 2.7 325 44.8 20.0 |
Cs Gundibal 1632 Near level 0-1 Northern 3%9.908N 74°58.898E 1.8 28.3 54.5 154 sil
Cs Ladoo 1648 Very gentle sloping 1-3 Northern  °0B4085N 75°00.356E 2.8 24.2 45.8 27.2 |
Co Shar 1672 Very gentle sloping 1-3 Northern  °0B4027N 75°01.434E 2.3 21.7 51.6 24.4 |
Cio Khrew 1652 Very gentle sloping 1-3 Norther °®U242N 75°00.280E 34 48.5 29.7 18.4 |
Cn Balhama 1617 Very gentle sloping 1-3 Northefn ~ °024176N 74°55.727E 2.1 29.6 48.1 20.2 |
Ci2 Mueej 1616 Very gentle sloping 1-3 Northern  °GBX956N 7456.591E 4.1 21.6 53.2 21.1 sil
Cis Munipur 1634 Near level 0-1 Northern 3?20.70IN 7457.999%E 29 31.2 47.4 18.5 |
Cia Wuyan 1623 Near level 0-1 Northern 3%D1.843N 74°56.598E 25 36.4 41.8 19.3 |
Cis Sempur 1582 Near level 0-1 Northern 321.993N 74°54.883E 1.5 26.6 44.2 27.7 cl
Southern Mean - - - - - 1.74 22.68 54.00 21.56
Range - - - - - 1.2-2.4 9.5-32.6 42.1-68.6 20.60- 23.50
Mean - - - - - 2.61 3291 46.11 21.22
Northern
Range - - - - - 1.54.1 21.6-48.5 29.70 -51.20 15.40 - 2770
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The silt content in the composite samples rangaa £9.70 to 54.50
and 42.10 to 68.60 per cent with mean values df4énd 54.00 per cent in
the northern and southern aspect, respectivelleMelled and very gentle
sloping lands it varied from 41.80 to 68.60 and7290 53.20 per cent with
mean values of 23.27 and 45.68 per cent, respéctivés evident from the
table that aspect and slope both affects the ctntdrsilt in different soil
samples. The contents of silt was found to be highesouthern and
levelled land soil samples than the northern angisg land soil samples.
The contents of clay in southern and northern dasgpraevn samples ranged
from 20.60 to 23.50 and 15.40 to 27.70 per cent wiean value of 21.56
and 21.22 per cent, respectively. The contentdayf waried from 15.40 to
27.70 and 20.20 to 27.20 per cent with mean vadfi@9.87 and 22.26 per
cent in level and gentle sloping areas, respegtivEhe contents of clay
was higher in higher range in soils from northespext and particularly

those that was on level lands/areas.

The texture in north facing soils was finer thaatedfacing soils. It
was also observed that soils on plains/near lewreld was finer than those

soil found on sloping lands/areas.
4.3.1.2 Soil reaction (pH)

Perusal of data in Table-8, revealed that the pldevaf soils in
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northern and southern aspect ranged from 6.607tbahd 7.10 to 7.60 with
mean values of 7.13 and 7.32, respectively. Thaegabf pH in levelled
and slopy areas varied from 6.60 to 7.60 and ©4Q7%0 with mean values
of 7.03 and 7.52. The pH on southern aspect wgbtkflialkaline whereas,
it was slightly acidic on the northern aspect. éwel areas, the pH was
slightly acidic to alkaline and on gentle slopiagds, it was near neutral to

slightly alkaline.
4.3.1.3 Electrical conductivity (EC)

The electrical conductivity (Table-8), in northesouthern, level and
slopy areas varied from 0.04 to 0.22, 0.11 to 00104 to 0.17 and 0.12 to
0.22 dsmt with mean values of 0.14, 0.136, 0.115 and 0.186i'd
respectively. Electrical conductivity showed littleariation in southern
aspect while as, it varied greatly in northern aspd&he electrical
conductivity was found more on northern-slopingasr@as compared to

southern- near level areas.
4.3.1.4 Organic carbon

The data present as Table-8, depicts the trendnadaben organic
carbon contents in different aspects and topographaried from 14.80 to
17.40, 11.40 to 19.20, 14.20 to 19.20 and 11.402t60 g kaL soil with

mean values of 16.16, 14.71, 16.87 and 11.90 § $gjl in southern,
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northern, levelled and gentle sloping areas, rdgmdg. The organic

carbon content was found more in levelled aredalsamorthern aspect.
4.3.1.5 Cation exchange capacity

The cation exchange capacity varied from 11.355t82 [cmo), kg™
soil] with mean value of 12.64 [cmdkg™ soil] in northern aspect (Table-
8). Whereas, in southern aspect, it ranged frorB11® 14.87 [cmalkg™
soil] with mean value of 13.95 [cmokg™ soil]. In gentle sloping and
levelled areas, it varied from 11.40 to 12.50 [enimi* soil] and 14.20 to
19.20 [cmol kg™ soil] with mean values of 12.54 and 13.35 [giaf”
soil], respectively. Cation exchange capacity wastl more in soils from
northern aspect as compared to southern aspeah aade of near level and

sloping area, it was found more in near level lands
4.3.1.6 Exchangeable cations and base saturation

Perusal of data in Table-8, revealed that the exgdable calcium
was the dominant cation in the studied area/sollevied by exchangeable
magnesium and potassium, respectively. The excladtgealcium varied
from 6.17 to 8.64 and 6.94 to 8.61 cglay* soil with mean values of 7.30
and 7.91 cmglkg® soil in northern and southern aspect, respegtival
case of near level lands, it ranged from 6.17.63 &mo} kg* soil with

mean value of 7.66 cmokg™ soil where as, in gentle sloping area (1-3 %
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slope) it varied from 6.72 to 7.82 cradéig™ soil with mean value of 7.20
cmol kg* soil, respectively. The exchangeable calcium wasd more on
northern aspect with near level/plain topographyhe Tcontents of
exchangeable magnesium in soils of southern aspébt level/ plain
topography ranged from 1.93 to 2.56 cgkdi® soil with mean value of
2.31 cmal kgt soil, whereas in soils of northern aspect withyvgentle
slope, it varied from 1.27 to 2.11 with mean vatbliel.66 cmal kg‘1 soll,
respectively. The exchangeable magnesium was foum@ on near level
soils than soils from sloping areas. The excharlgepbtassium varied
from 0.74 to 0.92, 0.76 to 0.95, 0.74 to 0.95, @d@®.92 cmaql kg‘1 soll
with mean values of 0.81, 0.89, 0.83, 0.83 ¢nkgi* soil in soils draw
from northern, southern, near level and the slopiren, respectively. The

exchangeable potassium didn’t depict any relatidh aspect/slope.

The base saturation ranged from 70.31 to 90.157amP to 82.89
per cent in soils from northern and southern aspeith mean values of
78.65 and 79.68 per cent respectively. In nearlleveas from both
northern and southern aspect, it varied from 7@a320.15 per cent with
mean value of 79.84 per cent, respectively. Wheieasorth facing gentle
sloping areas, the base saturation in soils rafiged 74.75 to 80.64 per

cent with mean value of 77.29 per cent. Base dsaaraidn’t show any
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Table 8 :

Physico-chemical properties of compositeamples (0-15 cm depth) of saffron growing areas of

district Pulwama

)

1

Composite Location Depth (cm) pH EC oC CaCoO;s CEC Exchangeable cations (cmgkg™ soil) Base
sample No. (1:2.5) (dSm?) (g kg™ soil) (%) (cmol, kg™ Ca Mg? KT N saturation
soil) (%)
1 2 3 5 6 7 8 9 10 11 12 13
C, Alochibag 0-15 7.4 0.16 16.4 Nil 13.56 7.84 251 .890 Traces 82.89
C Samboora 0-15 7.6 0.17 14.8 Nil 14.24 8.01 2.56 920. Traces 80.69
Cs Borus 0-15 7.1 0.12 17.4 Nil 14.87 8.16 2.48 0.9% Traces 77.94
C, Lethpora 0-15 7.3 0.11 154 Nil 12.31 6.94 1.93 .910 Traces 79.45
Cs Chandhore 0-15 7.2 0.12 16.8 Nil 14.75 8.61 2.05 760 Traces 77.42
Cs Konibal 0-15 6.7 0.10 19.2 Nil 15.32 8.07 217 8.7| Traces 71.93
C; Gundibal 0-15 6.8 0.06 18.2 Nil 12.59 8.64 1.97 740. Traces 90.15
Cs Ladoo 0-15 7.4 0.22 11.8 Nil 12.28 7.18 1.52 0.83 Traces 77.60
Co Shar 0-15 7.5 0.18 12.2 Nil 12.44 6.84 1.72 0.92 racé@s 76.21
Cio Khrew 0-15 7.7 0.22 11.4 Nil 11.35 6.72 1.27 0.78 Traces 77.27
Cu Balhama 0-15 7.6 0.12 11.6 Nil 12.86 7.45 2.11 10.8| Traces 80.64
Ci2 Mueej 0-15 7.4 0.19 12.5 Nil 13.78 7.82 1.66 0.82 Traces 74.75
Cis Munipur 0-15 6.7 0.15 18.5 Nil 12.16 6.17 1.64 7480. Traces 70.31
Cus Wuyan 0-15 6.9 0.04 17.8 Nil 11.77 6.83 211 0.81 Traces 82.84
Cis Sempur 0-15 6.6 0.12 14.2 Nil 11.88 7.32 191 40.8/ Traces 84.76
Southern Mean 7.32 0.136 16.16 13.95 7.91 2.31 0.89 .689
Range 7.10-7.60 0.11-0.17 14.80-17.40 12.3B14] 6.94-8.61 1.93-2.56 0.76-0.9% 77.42-82.8
Northern Mean 7.13 0.14 14.71 12.64 7.30 1.81 0.81 638.
Range 6.6-7.7 0.04-0.22 11.40-19.20 - 11.35-15.326.17-8.64 1.27-2.17 0.74-0.97 70.31-90.115
Levelled Mean 7.03 0.115 16.87 13.35 7.66 2.13 0.83 .8%9
Range 6.6-7.6 0.04-0.17 14.20-19.20 - 11.77-15.326.17-8.64 1.64-2.56 0.74-0.91 70.31-90.14
Very gentle Mean 7.52 0.186 11.90 12.54 7.20 1.66 0.83 297
sloping Range 7.40-7.70 0.12-0.22 11.40-12.50 11.3583] 6.72-7.82 1.27-2.11 0.78-0.92 74.75-80.6
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particular relation with the aspect, however, itswaund higher in near

level areas than in sloping lands ( Table-7).

4.3.2 Nutrient status of soils
4.3.2.1 Available nitrogen, phosphorus (JOs) and potassium (K0)

Perusal of data in Table-9, revealed that the abkalnitrogen and
phosphorus ranged from 270.1 to 376.3 and 9.1@ 201kg h& with mean
values of 304.12 and 11.66 kg “han soil from northern aspect,
respectively. In soils from southern aspect, theseed from 290.50 to
367.20 and 11.60 to 13.80 kg haith mean value of 316.50 and 12.30 kg
ha.

The variation in nitrogen and phosphorus in saitsrf near level
areas ranged from 285.80 to 376.30 and 11.30 @01kg h& with mean
values of 325.7 and 12.60 kg haespectively. In case of gentle sloping
lands, these varied from 270.20 to 276.80 and ®101.20 kg ha with
mean values of 273.36 and 10.42 kg haspectively. The data depicts that
the values of nitrogen and phosphorus were in loaege in sloping areas.
Whereas, in near level lands/ plains the nitroganed from lower to
medium range and phosphorus was found in lowereramgspective of the

topography and aspect.
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Table 9:

Available nutrient content (NPK) in compaite samples (0-15 cm depth) of saffron growing aas
of district Pulwama

Composite Location Available nutrient (kg ha™)
sample No. Depth (cm) N P K
1 2 3 4 5 6
C, Alochibag 0-15 311.6 12.0 308.1
C, Samboora 0-15 290.5 11.6 280.5
Cs Borus 0-15 313.6 12.2 324.8
C, Lethpora 0-15 299.6 11.9 268.8
Cs Chandhore 0-15 367.2 13.8 255.6
Cs Konibal 0-15 376.3 14.2 302.4
C, Gundibal 0-15 339.2 12.9 268.8
Cs Ladoo 0-15 272.8 10.8 291.3
Cy Shar 0-15 275.2 11.0 235.9
Cuo Khrew 0-15 270.2 9.1 229.6
Cu Balhama 0-15 271.8 10.0 207.2
Ci Mueej 0-15 276.8 11.2 162.4
Cis Munipur 0-15 352.5 135 352.7
Cua Wuyan 0-15 320.6 12.6 268.8
Cis Sempur 0-15 285.8 11.3 240.8
Southern Mean 316.5 12.30 287.56
Range 290.5-367.2 11.60-13.80 255.60-324.80
Northern Mean 304.12 11.66 260.00
Range 270.1-376.3 9.10-14.20 162.40-352.70
Levelled Mean 325.7 12.60 287.13
Range 285.8-376.3 11.30-14.20 240.80-352.70
Very gentle Mean 273-36 10.42 225.28
sloping Range 270.20-276.80 9.10-11.20 162.40-291.30
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The potassium in the southern and northern aspexisd from
255.60 to 324.80 and 162.40 to 352.70 kg héth mean values of 287.56
and 260.00 kg h§ respectively. The data about potassium (Tablak&)
revealed that potassium irrespective of topograginy aspect, was always

found in higher range.
4.3.2.2 Distribution of DTPA-extractable micro-nutients

The data presented as Table-10, revealed thatrdendé zinc and
copper varied from 1.04 to 2.63 and 0.81 to 2.92 pgpth mean values of
1.78 and 1.54 ppm in soils from northern aspectei#fs, in southern
aspect these ranged from 1.57 to 1.94 and 1.184® pm with mean
values of 1.79 and 1.31 ppm, respectively. In adsgently sloping areas,
these varied from 1.04 to 1.31 and 0.81 to 1.77 pptin mean values of
1.19 and 1.24 ppm, respectively. Whereas, in soinfnear level areas
irrespective of the aspect, these ranged from 5763 and 1.18 to 2.92
ppm with mean values of 2.08 and 1.58 ppm. Theerdstof zinc and
copper were found higher in soils facing northespeat than soils found in
southern aspect. In case of the topography, the leeal areas/plains
exhibited upper hand so for amount of DTPA-extrbletazn and Cu is

concerned than the gentle sloping areas.

The DTPA-extractable iron (Fe) and manganese (Mmwed
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variation in the ranges of 7.09 to 12.47 and 15a226.21 ppm with mean
values of 10.01 and 21.30 ppm in the soils frontheyn aspect, whereas,
in case of soils from southern aspect these rafrgad 9.72 to 11.02 and
23.67 to 25.51 ppm with mean values of 10.49 an@£gpm, respectively.
On gentle slopping lands in northern aspect, thased from 7.09 to 9.01
and 15.24 to 19.21 ppm with mean values of 8.221ah@3 ppm, whereas,
in near level areas from both the aspect theseethfigm 9.72 to 12.47 and
22.16 to 26.21 ppm with mean values of 11.15 an8®gpm, respectively.
It is evident from the data in Table-9, that thentemts of micronutrient
cations viz., Zn, Cu, Fe and Mn were found moreewvelled areas as
compared to the sloping areas/lands. The contdniisese micronutrients
were also found lower in southern aspect thandbed/present in the soils

from northern aspect.

4.4  Relationship between physico-chemical properiseand available
nutrients in composite samples

The correlation coefficient values of organic carb@H, cation
exchange capacity and the clay content of saffroowigpg soils with
available nutrients has been worked for compositepges and presented in
Table-11. Perusal of the said data in Table-1leakad that the contents of
organic carbon in soil showed positive and sigaificcorrelation with N

(r=0.891), P (r=0.907), K (r =0.682), Zn (0:817), Fe (r = 0.842) and

104



Table 10 :  Distribution of micronutrient cations (Zn, Cu, Fe and Mn)
in composite samples (0-15 cm depth) of saffron gnong
areas of district Pulwama

Composite Location Micronutrints cations (ppm)
sample No. Depth ;
(cm) Zinc Copper Iron Manganese
(Zn) (Cu) (Fe) (Mn)
1 2 3 4 5 6 7
C Alochibag 0-15 1.92 1.31 10.44 24.71
C, Samboora 0-15 1.75 1.18 9.72 23.67
C; Borus 0-15 1.94 1.37 10.78 25.11
C, Lethpora 0-15 1.75 1.28 10.47 24.18
Cs Chandhore 0-15 1.57 1.42 11.02 25.51
Cs Konibal 0-15 2.17 1.28 11.12 25.34
C, Gundibal 0-15 2.42 1.63 12.34 25.93
Cs Ladoo 0-15 1.23 1.77 8.16 19.01
G Shar 0-15 1.25 1.75 8.71 19.13
Cio Khrew 0-15 1.04 0.81 7.09 15.24
Cu1 Balhama 0-15 1.12 0.83 8.11 15.67
Cio Mueej 0-15 1.31 1.06 9.01 19.21
Cis Munipur 0-15 2.17 1.25 10.95 25.19
Cuy Wuyan 0-15 2.63 2.92 12.47 26.21
Cis Sempur 0-15 2.46 2.14 12.17 22.16
Mean 1.79 1.31 10.49 24.64
Southern Rande 1.57- | 1.18-1.42| 9.72-| 23.67-25.51
9 1.94 11.02
Mean 1.78 1.54 10.01 21.30
Northern Range 1.04- 0.81-2.92 7.09- 15.24-26.21
9 2.63 12.47
Mean 2.08 1.58 11.15 24.80
Levelled Rande 1.57- | 1.18-2.92| 9.72-| 22.16-26.21
9 2.63 12.47
Mean 1.19 1.24 8.22 17.63
Very gentle
sloping Range 1.04- | 0.81-1.77| 7.09- | 15.24-19.21
9 1.31 9.01
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Table-11: Relationship between available nutrientsand physico-
chemical properties of composite samples of saffron
growing soils of district Pulwama

Composite samples physico-chemical properties
Nutrient
oC pH CEC Clay
N 0.891** -0.787** 0.356 -0.482
P 0.907** -0.801** 0.514 -0.302
K 0.682** -0.372 0.181 0.084
Zn 0.817** -0.750** 0.015 -0.189
Cu 0.286 -0.451 -0.315 0.248
Fe 0.842** -0.836** 0.149 -0.189
Mn 0.938** -0.702** 0.382 -0.244

** Correlation is significant at 0.01 level.
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Mn (r = 0.938). The correlation coefficient betwegoil organic carbon
content and copper was although positive but wasupto the level of
significance. A negatively significant correlaticoefficients between pH
with N (r = -0.787), P (r = -0.801), Zn (r = -0.756e (r = -0.836) and Mn
(r = -0.836) was noticed. The correlation coefintge between DTPA-
extractable cations viz., Zn, Fe and Mn and catxchange capacity (CEC)
were found positively non-significant. The DTPA-&dtable copper (Cu)
contents in soils showed negative non-significamtretation coefficients
with cation exchange capacity. The linear relatgm®etween clay content

and N, P, Zn, Fe and Mn was found negative butsigniicant.
4.5 Nutrient indexing

For getting the nutrient index value (NIV) of therinpary
macronutrients N, P and K, 5-samples were takem feach location and
were categorized after due laboratory analysis limdg medium and high
soil fertility class by comparing the observed esof available nutrients
with recommended level rating chart of availabldarieats Muhret al.
(1965). Nutrient index value was then worked outdach nutrient using

the formula proposed by Biswas and Mukherjee (1988¢ formula is;

N1+2Ny +3N,

NL + Ny + Ny

NIV =
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Table 12 :

Nutrient indexing (for available N, P&K) in saffron growing areas of district Pulwama

Number of samples in each category Nutrient index
Location Number of Low Medium High (NIV)
samples analyzeg
N P N P K P K N P K

Alochibag 5 4 4 1 1 2 - - 3 1.2 1.7 2.6
Samboora 5 - 4 4 1 3 1 2 22 112 24
Borus 5 1 4 4 1 1 - - 4 1.8 12 2.8
Lethpora 5 1 3 4 2 1 - - 3 1.8 14 24
Chandhore 5 - 4 4 1 2 - - 3 18 1.2 2.6
Konibal 5 2 2 4 3 2 1 - 3 22 16 2p
Gundibal 5 - 4 2 1 4 1 - 1 1.8 14 22
Ladoo 5 1 4 3 1 3 2 - - 1.4 1P 16
Shar 5 - 4 3 1 4 1 - 1 20 1p 22
Khrew 5 - 4 2 1 2 3 - 3 26 12 2p
Balhama 5 1 3 3 2 4 2 - 1 24 14 22
Mueej 5 2 4 4 1 4 - - 1 1.8 12 2p
Munipur 5 1 2 3 3 4 - - 1 16 16 2p
Wuyan 5 1 4 1 1 3 3 - 2 24 1p 2/4
Sempur 5 2 2 3 1] 3 - - 1 16 12 20

Over All Nutrients Index Value (NIV) 191 129 233

* Nutrient Index Value
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Where;
N = number of samples in low class
Ny = number of samples in medium class
N = number of samples in high class

The subsequent evaluation showed th& aee low in phosphorus
in majority of the locations, medium in nitrogendamedium to high in
potassium, respectively. The over all NIV for th&agen, phosphorus and

potassium was 1.91, 1.29 and 2.33, respectivelgl€T-d.2).
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CHAPTER -5

DISCUSSION

The experimental findings obtained during the ceuod present

study are discussed in this chapter under thevailg heads :

5.1 Soil characterization

5.1.1 Morphological characteristics

5.1.2 Physico-chemical characteristics

5.2 Mineralogical characteristics

5.3 Physico-chemical characteristics and nutrientsistat soils
5.3.1 Physico-chemical characteristics

5.3.2 Nutrient status of soils

5.3.2.1Available nitrogen (N), phosphorus (P) and potass{K)
5.3.2.Micro-nutrient cation distribution

5.4 Relationship between physico-chemical propertiesaamilable

nutrients
5.5 Soil classification

5.6 Nutrient Indexing
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5.1 Soil characterization

Fifteen soil profile were selected and exposeddetailed study at
the representative sites, based on heterogeneigpimarent soil colour,
topography and aspect. Their morphological, physivemical,

mineralogical properties and nutrient status asewtised as under
5.1.1 Morphological characteristics/properties

The colour of the soil in the surface horizons ofitkern aspect
varied from brown(10YRY/5)/dark brown (10YR'/5)/dark yellowish brown
(10YR “/,) to pale brown (10YR/3)/ yellowish brown (10YR/,) while as
profiles of northern aspect surface horizons vafiech dark brown (10YR
3 ,)Ivery dark brown (10YR/,) to dark yellowish brown (10YR/,). In the
subsurface horizons of the southern aspect theucolaried from brown
(10YR */,)/dark brown (10YR¥/,)/dark yellowish brown (10YR/,) to light
yellowish brown (10YRY/,)/dark greyish brown (10YR/5) and yellowish
brown (10YR?®/,). While as, the colour in the sub-surface horizohshe
northern aspect varied from dark yellowish brow@YR %) or yellowish
brown (10YR?/,)/brown (10YR?,) to dark greyish brown (10YH,)/very
dark grey (10YR®,). The dark colour in the surface horizon can be
attributed to high soil carbon content and down prefile it can be

attributed to clay alleviation. The various shadésgrey colour in the
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studied profiles could be attributed to the presemf free calcium
carbonate and/or coagulation of iron and/or calciwmth humus
components (Dhir, 1967 and Gupta, 1992). The dadwh, very dark
brown, yellowish brown and the dark yellowish broeslour in the surface
and sub-surface horizons of profiles indicates adgdrainage condition of

these soils.

The texture of surface horizons of southern aspbanged from
loam to silty clay loam/clay loam and silt loamsitty clay loam/clay loam
where as on the northern aspect, it changed fram/lt loam to clay
loam/sandy loam. However, in P15 it remained ctaam through out the
depth. The textures become finer with the increasgepth in most of the
profiles. In general, it was observed that as theation and slope gradient
increased, the texture of the soils become coavg@ch might be due to
translocation or removal of finer fractions of sby eluviations or surface
erosion (soil) due to high rain fall in these zarf@isnilar observations have

been reported by Mandet al. (1990).

The diagnostic horizons were found to be Ap-AB/BAB, type at
Alochibagh (R) and Lethpora () and Ap-AB/BA-Bw-Bw, type at Borus
(Ps) and Chandhore (P At Samboora (B} it was found to be Ap-Bw

Bw,-Bw; type. The soil pedons facing northern aspect oar revel
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topography showed Ap-BA/AB/Bw-BBt, type profile development.
Where as, profiles on very gentle sloping topogyaph northern aspect
showed Ap-A/AC/G-C,/C,-C»-C3 type horizon development. The structure
of north facing profiles was fine, weak/medium gran and
medium/coarse moderate angular blocky to sub-angldaky where as on
southern aspect it was weak to moderate angulaasgblar blocky. The
development of weak to moderate granual structarghe sub-surface
horizons of pedons facing north is attributed tghhorganic mater content
as also reported by Sehgalal. (1985) and Minhast al. (1997) under
such situation. Where as, the presence of angubagsgular blocky

structure in both the aspects exhibit structurakttgoment (Najar, 2002)

The consistency of the soils of studied pedonsedawidely. In
surface horizons of northern aspect, it was hagisy hard when dry and
friable/very friable to firm when moist. On the ethhand in southern
aspect the consistency of soils was slightly hanmdftwhen dry and friable
when moist. In the sub-surface horizons of the hasrt aspect it was
slightly hard to hard when dry and very friabledbie to very firm when
moist. Whereas on southern aspect the consistehayeo sub-surface
horizons was hard when dry and friable to firm winesist. In general, the

clay cutans (argillans) were found to be moderatbly and patchy in

113



majority of the soil profiles. The effervescencethwdilute hydrochloric
acid (Hcl) was found to be slight to violet in ssilface horizons. Variation
is the consistency of the soils of various pedanddtbe due to differences

in clay and organic matter content. (Najar, 2002)

The morphological patterns of well developed pesfifacing north
having slope 0-1%, were due to the illuviation t#ycin B horizon, which
resulted in the formation of Agrillic horizon andd to colour, textural,
structural and consistency change. The leachingatmium carbonate and
its deposition in the lower horizons was quite ewid from the
effervescence with dilute Hcl, which also led sonchanges in
morphological characters in these horizons. Theatabus nature of the

parent material is manifested by the effervescehogvn with dilute HCI.

The presence of the altered horizon (cambic) iofiles facing
southern aspect, showed the intermediate procedswalopment with the
presence of calcium carbonate at the lower horizovktextural variation
in the lower horizons. Similar results were obtdilg Shindest al. (1984);
Mushki (1994); Wani (1994); Ganai al. (2000); Mahapatrat al. (2000);

Katoo (2001); Najar (2002); Ahmad (2003) and Kirm@®04).
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5.1.2 Physico-chemical characteristics
5.1.2.1Particle size distribution/mechanical components

The soils varied widely in their make up. In gehetiae fine sand
decreased with the depth of the soil profile inthé soil pedons except at
Ladoo, Shar, Khrew, Balhama and Mueej, respectivEhe silt fraction
generally decreased with depth however, in profilesrery gentle sloping
topography facing north viz., LadoogjPKhrew (Ro) and Balhama (), it
increased with the depth of the soil pedon. Clagteat in general also
increased with depth in the soil pedons. Howewveisail profiles on very
gentle sloping areas facing north, it decreased defpth of the soil pedons.
The texture of surface horizons of south facinggmsdchanged from loam
to silty clay loam/clay loam and silt loam to siltjay loam/ clay loam.
Where as, on north aspect facing profiles, it Whfrem loam to clay loam
on near level topography except in case of Ser(ipu) were it remained
clay loam through out the depth of soil pedon. Teeture in case of
profiles on very gentle topography changed frommldasilt loam to clay

loam/ sandy loam, respectively.

This may be associated with the translocation Hiodiation of clay
in the B horizon during soil genesis. Similar obs#éions were made by

Handoo (1983), Farida (1997); Najar (2002) and kinm(2004).
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5.1.2.2Soll reaction

The soil studied exhibited slightly acidic to alk& pH ranging
between 6.7 to 8.1. In general, the soil pH inadasith the depth of the
soil pedon. Lower pH of the surface horizon migkt due to the higher
amount of organic carbon and rainfall distributi®imilar results were
reported by Mandaét al. (1990); Vermaet al. (1990) and Wani (1994).
The increase in soil pH down the profile might e do increased leaching
of soluble salts from the surface and their subseguaeposition at the
lower horizons besides higher contents of GaGaiptaet al. (1988); Najar

(2002) and Kirmani (2004) reported similar results.
5.1.2.3Electrical conductivity

The electrical conductivity of the soil was foundhwin the normal
range in both surface and sub-surface horizongalflgs in both aspects.
However, it exhibited an increasing trend with tepth of soil profile
irrespective of aspect. This might be attributedeching of soluble salts
from surface and their deposition at lower horizdi#swever, the increase
was more pronounced in northern than profiles iotlsern aspect. The
findings corroborates with the earlier resultsaifll et al. (1989); Kher and

Singh (1993), Kirmani (2004) and Najar (2009).
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5.1.2.4Calcium carbonate

The mean average calcium carbonate content in@tdideg horizon
of northern and southern aspect ranged from 0.00-@er cent and 0.05 -
5.80 per cent, respectively. The higher contertadéium carbonate in the
lower horizons might be due to the leaching of Bldusalts and the
calcareous nature of these soils. The results raragreement with the

finding of Talib (1984), Mushki (1994) and Kirmaf@004).
5.1.2.50rganic carbon

The soils varied very conspicuously in the orgazacbon content.
The organic carbon content was found in higher @aingsurface horizon
and lower to higher range in sub-surface horizorgdneral, organic carbon
content decreased with the increase in soil ddpta.higher organic carbon
content in surface soils (11.20 - 19.20 ¢'lemd 14.70 — 17.20 g Kgsoil in
north and south facing pedons, respectively) is thudower rates of
mineralization prevalent in temperate conditioniede results are in
conformity with the findings of Mushki (1994); Xiubet al. (2002) and

Najar (2002).
5.1.2.6 Cation exchange capacity

The cation exchange capacity of north and soutingapedons

showed slight variation and increased with theaase in the depth of the
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soil profile. The higher values of cation exchancmpacity in lower
horizons might be attributed to increase in clagtent with the depth of the
soil profile and might also be the reflection ofetrsmectitel/illitic
mineralogy. The results are in agreement with th&eovations/findings of

Farida (1997); Ahmad (2003) and Kirmani (2004).
5.1.2.7 Exchangeable cations and Base saturatio

The exchangeable calcium was the dominant catioallithe soil
profiles, followed by magnesium and potassium. Toentents of
exchangeable calcium showed increase with the deptoil pedons in
northern and southern aspect having slope 0-1%erenvlis, on north facing
pedons having 1-3% slope, it did not depicted aegpd with depth. The
dominance of exchangeable calcium might be duewm reasons : (i)
Leaching of the soluble salts and their illuviat@nlower horizons and (ii)
due to the calcareous nature of the parent mate&iaililar results were
obtained by Vermat al. (1990); Mushki (1994); Najar (2002) and Kirmani

(2004).

The contents of exchangeable magnesium in surf@agzoim of north
and south facing pedons ranged from 1.23-2.13 a8@-2.48 cmaqlkg™
soil, respectively. In sub surface horizons on mem aspect, it was found

higher than on southern aspect. The exchangeabmesam showed
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increased trend with depth in north facing pedartgere as, on south facing
pedons, it did not exhibit any trend with deptheTgotassium was the third
dominant cation in all the soil profiles irrespeetiof the aspect and
topography. These could be attributed to the belitgribution of rains and
low temperature in the northern aspect and to teegbence of potassium
bearing minerals in these soil s. similar findingsre reported by Talib

(1984), Mandaét al. (1990) and Najar (2009)

In general, base saturation was found higher instivéace horizon
than subsurface horizon. However, it did not show &end in particular
aspect. This might be due to the presence of higimeunt of basic cations
like calcium (C&") and magnesium (Mg and is one of the distinguishing
characters of Alfisols. The results obtained arecamformity with the

findings of Reddy and Prasad (1999); Katoo (20@) lsirmani (2004).
5.2  Mineralogical characteristics

Three subsurface soil samples of three profilesPPand Rs were
randomly selected for clay mineralogical studiemrfrboth aspect taking

also into consideration altitude and slope gradient
5.2.1 Clay mineralogy

The qualitative estimates of clay mineralogy aedkeid from x-ray

diffractograms (XRD) revealed the presences ofejll mixed layers,
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hydroxyl interlayered vermiculite, kaolinite smeéetand chlorite. lllite is a
group name of non-expanding, clay sized, dioctadedmicaceous
minerals. lllite was invariably the dominant clayneral in all the sample
under investigation. The dominance of illite maydee to degradation or
hydrolysis of feldspars. The invariable presenufetlite as the dominant
clay mineral in the soils of Kashmir was confirntedPal and Deshpanday

(1987), Guptaet al. (1990) and Katoo (2001)

The presences of mixed layers in clay samples cbeldscribed to
the transformation of primary phyllosilicates (nm8cand chlorites) and was
the second dominant clay mineral. The occurrenamigéd layer minerals
in these soils are in agreement with the finding<Gapta and Awasthi
(1982). On heating the samples at 860Qthe 14.0 Areflections collapsed,
indicating the presence of hydroxyl interlayeredmwieulite, which was the
third dominate clay mineral. Hydroxyl interlayeredrmiculite was found
to develop from the degradation of illite or micader temperate weather
conditions and from chlorite due to exchange of megsgum from brucite
layer [Mg (OH)]. Similar findings where also reported by Dand(@601)

and Kirmani (2004).

Expansion of 14.0 Areflection to 17.0 A or more on glycolation,

indicated the presence of smectite. It commonlultegrom the weathering
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of basic rocks. Smectite formation is favoured bg tear level to gentle
sloping terranes that are poorly drained, mildlgabne and have high
silicon and magnesium potential (Borchardt, 197@jher factors that
favour formation of smectite includes availabilipf calcium and the

paucity of potassium (Deet al., 1975)

The persistence of 14.0°%eak after K-saturation and heating at
550 °C indicates the presences of chlorite. It might dee to the
degradation of illite and / or due to the transfation of primary minerals
present in the parent material. Chlorites have peitk14.0 A-14.4 A,
depending on the individual species. Peak positasesunchanged by ion
saturation, salvation with ethylene glycol or hegtiThe other identified
clay minerals were kaolinite, quartz and feldsp@he presence of kaolinite
might be due to weather of feldspars or mica bymtbal process. The
identified minerals are in agreement with the fimgd of Guptaet al.(1986
and 1990). Kumaet al. (2000), Mall and Mishra (2000), Singh and Tomar

(1993), Najar (2002), Srinivaghal. (2004) and Guptet al. (2009)

5.3  Physico-chemical characteristics and nutrienttatus of soils
5.3.1 Physio-chemical characteristics
5.3.1.1 Mechanical components/particle size disbution

The contents of coarse sand ranged from 1.24 - 240 - 4.10,

1.50 - 2.90 and 2.10 - 4.10 per cent in the nathith, near level and very
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gentle sloping areas. The coarse fractions of saeck predominant in
sloping areas as compared to near level level lafus fine sand fractions
varied from 21.60-48.50, 9.50-32.60, 21.60-48.560 &r50-36.40 in north,
south, very gentle sloping and near level areagpedively. The contents
of fine sand fractions of soils were higher in hern aspect with very
gentle sloping topography than southern areas metr level topography.
The contents of silt in composite soil samples eahfjom 29.70-54.50 and
42.10-68.60 in north and south facing pedons, sdy. The contents of
silt were higher in southern aspect (0-1%) drawih samples than in
northern aspect (1-3%). The contents of clay vafresn 20.60-23.50,
15.40-27.70, 15.40-27.70 and 230.20-27.20 in soutdh, near level and
very gentle sloping areas, respectively. The cdateh clay were higher in

soil samples drawn from northern aspect with neaglltopography.

In general, the textures were loam, silt loam arnay doam,
respectively. The texture in north facing soils iiager than in soils facing
south. Similarly, the texture on near level top@imawas also finer than on
sloping areas. This might be attributed to presefceiitable conditions for
weathering in northern aspect / near level topdgydpan southern aspect/
sloping topography. Similar results were reportgd@anaiet al. (2000),

Kirmani (2004) and Najeet al. (2009).
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5.3.1.2 Solil reaction

The pH of the soil was found to range from sligh#gidic to
moderately alkaline (6.7 to 7.7). The pH on southtespect was moderately
alkaline. Where as, it was slightly acidic to stighalkaline in northern
aspect. This could be attributed to higher amounbrganic matter in
northern aspect and its subsequent decompositioreléase acids. The
results are in agreement with the findings of Jadaél. (1989) and Najar

(2002).
5.3.1.3 Electrical conductivity

The electrical conductivity ranged from 0.04-0.9211-0.17, 0.04-
0.17 and 0.12-0.22 dshin north, south, near level and very gentle sigpin
areas, respectively. Electrical conductivity showkitle variation in
southern aspect than north. However, irrespectifethe aspect and
topography, the concentration of soluble solutes weh in normal range.

The results corroborate the findings of Kirmani@2pand Bhat (2007).
5.3.1.4 Organic carbon

The organic carbon content was found in the higaege and varied
from 14.80-17.40, 11.40-19.20, 14.20-19.20 and @1250 in south,
north, near level and the very gentle sloping aresspectively. The higher

contents of organic carbon were generally foundcamposite samples
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drawn from areas facing northern aspects than dacthg locations. This
might be due to the effect of the aspect on thetptaowth and soil
moisture and temperature conditions that in tufecafthe organic carbon
content in the soil. The results are in unison wita findings of Mushki

(1994), Farida (1997) and Najetral. (2009).
5.3.1.5 Calcium carbonate

The calcium carbonate was absent from the top pldanger that was
taken for the nutrient indexing. The results canfthe findings of Kirmani

(2004).
5.3.1.6 Cation exchange capacity

The cation exchange capacity varied in the rangel®f35-15.32,
12.31-14.87, 11.40-12.50 and 14.20-19.20 grkgllsoil in north, south,
very gentle sloping and near level topography, eespely. The cation
exchange capacity was found to be influenced bya8pect, altitude and
the slope of the location. The areas facing noith near level topography
showed higher cation-exchange capacity than soatindg areas with
sloping topography. This is in consequence with vhgation in the soil
organic carbon and the mineralogical build up o #oil (Vermaet al.,

2008 and Najaet al. 2009).
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5.3.1.7 Exchangeable cations and Base saturation

The dominant cation in the exchange complex w&s fodowed by
Mg?* and K respectively. The exchangeable calcium in compasimples
varied from 6.17-8.64, 6.94-8.61, 6.17-8.64 an®4..8B2 in north, south,
near level and very gentle sloping areas, respaygtivihe exchangeable
calcium was more on northern side with level topphry than on southern
aspect. Similar trend was observed with exchangedhi*. However,
exchangeable K did not show any trend particular to any aspect or
topography. The dominance of calcium f§an the exchangeable complex
was due to the calcareous nature of the parentialaféermaet al., 1990;

Mushki, 1994; Katoo 2001 and Nagtral., 2009).

The base saturation was found in higher range arted/ from
70.31-90.15, 77.42-82.89, 70.31-90.15 and 74.76480per cent in
composite soil samples drawn from north, southy teel and very gentle
topography, respectively. It did not depict anyatiein with aspect but was
more on level topography than sloping one. It migétin consequence to
the presence of basic cations, clay and organigsocacontent in the soil.
The results are in corroboration with the findimgd<irmani (2004); Ract

al. (2008) and Najar (2009).
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5.3.2 Nutrient status of soils
5.3.2.1 Available nitrogen (N), phosphorus (P) anBotassium (K)
5.3.2.1.1 Available nitrogen (N)

The available nitrogen content of the composibd samples
drawn from north, south, near level and very lgesloping areas, varied
in the range of 270.1-376.3, 290.5-367.2, 285.837%hd 270.2-276.8,
respectively. The available nitrogen in northerpez$ was more than in
southern aspect. The nitrogen availability was tbtmvary between lower
to medium range in composite samples from areaseanlevel topography
irrespective of the aspect. However, nitrogen waswer range in samples
drawn from locations on very gentle topography. Seheariations might be
attributed to the climatic, topographical and attihal conditions favouring
the accumulation of soil organic carbon, which he index of fertility.

Similar results were reported by Mushki (1994) alagar (2002).
5.3.2.1.2 Available phosphorus (J®s)

The available phosphorus was found in deficiengeanf availability
with mean value of 11.8 kg Harrespective of aspect and topography. This
might be attributed to calcareous nature of theasual alkaline soil reaction
that enjoys a negative relationship with phosphoayailability and
retention. The results get supports in the findingdVani (1994); Najar

(2002) and Raet al. (2008).
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5.3.2.1.3 Available potassium (KO)

The available potassium doesn’t exhibit any pattar relationship
with any aspect or topography. How ever, it depefadgely on the
dominant clay mineralogy of the area from which soitaken. In present
study available potassium ranged from 255.60-324r&80162.40-352.70 in
composite soil samples from southern and northepea, respectively.
The results are in conformity with the findings \Wfani (1994); Farida

(1997); Najar (2002) and Rahal. (2008).
5.3.2.2 Micro-nutrient cation distribution

The DTPA-extractable micro-nutrients viz., zinc,pper, iron and
manganese varied in their horizontal distributiath respect to aspect and
the slope gradient. The contents of zinc in samgdlaw/n from north, south,
near level and very gentle sloping topographicaisuranged from 1.04 -
2.63, 1.57-1.94, 1.57-2.63 and 1.04-1.31 ppm, cis@dy. The content of
DTPA- extractable copper varied from 0.81-2.92811142, 1.18-2.92 and
0.81-1.77 ppm, respectively. The contents of DTB#&ractable Zn and Cu
were higher in northern aspect with near level sldpawn soil samples as

compared to southern aspect/sloping topography.

The contents of DTPA-extractable iron (Fe) and namege (Mn)

ranged from 7.09-12.47 and 15.24-26.21, 9.72-1ar@P23.67-25.51, 7.09-
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9.01 and 15.24-19.21 and 9.72-12.47 and 22.16-2fp&1, respectively. In
composite soil samples drawn from north, southy \gantle sloping and
near level topographical areas. These micronugi@fe and Mn) contents
were more in northern aspect with near level togplgy. The decrease in
available zinc with the rise in soil pH be due he tonversion of Zn ions
into negatively charged zincate ions and insoludhe hydroxide (Singh,
1987). The positive significant relationship of angc carbon with available
zinc, copper, iron and manganese might be due dordlease of these
elements (ions) from organic complexes and alsotdweidulating action
of organic matter on minerals that contain thesé&rients (Follet and
Lindsay, 1970). Similar results were reported bipllat al. (1989); Ganai
et al. (1999); Kirmani (2004); Soodt al. (2009) and Somasundaram

(2009).

5.4 Relationship between physico-chemical propertseand available
nutrients

Nitrogen and phosphorus showed positive and sigamiti correlation
with organic carbon. Negative and significant clatien was observed
between nitrogen and phosphorus with soil pH. Ngro and phosphorus
were positively correlated with each other. Microiants viz. zinc, copper,
iron and manganese showed significant positiveetaion with organic

carbon. However, these nutrients (Zn, Fe and Mn) xhibged
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negatively significant correlation with soil pH.

The distribution or availability of nitrogen andggphorus is greatly
affected by the soil organic matter and the presemcabsence of basic
cations in the soil. Similar results were reporbgdSharma and Bhandari
(1992) and Najaet al. (2005). Soil organic carbon through its chelating
effect helps micro-nutrients to retain their availidy in the soil by
preventing their leaching losses. Soil pH havingatre influence on
micro-nutrient availability might be attributed tthe formulation of
complexes, which render them unavailable for plapitake. The results
obtained are in conformity with the findings of &met al. (1988); Mushki

(1994); Wani (1994); Najaat al. (2005) and Soost al. (2009).
5.5 Soil classification

Based on the morphological and physico-chemicalatheristics,
the soils have been classified according to the Odnprehensive System
of Soil Classification by following ‘Keys to Soilakonomy’ (Soil Survey
Staff, 1998), Soil Taxonomy (Soil Survey Staff, 99%nd Soil Survey

Manual (Soil Survey Staff, 2003) ( Table 13).

The soil profiles in southern aspect with near légpography viz.,
P, to R, were classified as Inceptisols due to the preseht¢lee cambic B

(subsurface) horizon. The presence of Ochric epipggdurface) horizon,

128



qualify them to be placed under sub order Ochraptkat great group level
as Eutrochrepts. The soil profilesin the northespeat with very gentle
sloping topography (1-3 %) are classified as Eidjsas these donot show
proper profile development. The occurance of Oclepgpedon in these
soils and the texture in some of the horizons befgw layer was sandy
loam accompanied with decrease in organic carbomleggh increased
reaching a value that key outs the pedon in sulbcadeOrthents and at
great group level as Udorthents due to the pres@fcadic moisture
regime. The soil profilesg? P, and R3-P;5 in the northern aspect with near
level topography were classified under Alfisols.eCto the presence of udic

moisture regime, the soils qualified for subordeialfis. Owing to the
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Table 13:  Classification of saffron growing soils bDistrict Pulwama
Diagnostic horizon

Profile No. Aspect Topography Order Sub-order | Great group

Surface Sub-

surface
P1-Ps Southern Near level Ochric Cambic Inceptisol Ochrepts Eutrochrepts
Ps-Py» Northern Very gentle| Ochric Entisol Orthents Udorthents
sloping

Ps-P; & Northern Near level Ochric Argillic Alfisol Lidfs Hapludalfs
I:)13'|:)15
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presence of well developed argillic (Bt) subsurfat®rizon in exess to
Ochric epipedon, qualifies these soils to be d&skat great group level as
Hapludalfs, respectively. Similar findings were oged by Walia and Rao.
(1996), Raoet al.(1997), Mahapatrat al (2000), Najar (2002), Ahmad

(2003) and Kirmani (2004) and Chaudhatl. (2005).
5.6 Nutrient indexing

For getting the nutrient index value (NIV) of thermpary macronutrients
N, P and K, 5-samples were taken from each locatial were categorized
after due laboratory analysis into low, medium argh soil fertility class
by comparing the observed values of available enitsi with recommended
level rating chart of available nutrients (Mudtral. 1965). Nutrient index
value was then worked out for each nutrient usihegformula proposed by

Biswas and Mukherjee (1989). The formula is;

N1+2Ny +3 N
NIV =

NL+ Nu+ Ny
Where;

N = number of samples in low class
Ny = number of samples in medium class

N = number of samples in high class
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The subsequent evaluation showed thi aee low in phosphorus
in majority of the locations, medium in nitrogendamedium to high in
potassium, respectively. The over all NIV for th&agen, phosphorus and
potassium was 1.91, 1.29 and 2.33, respectivelys T attributed to
fixation of phosphorus in the soil and its subsequetention. Similar
results were reported by Wani (1994), Najar (2082 Singh and Bansal

(2009).
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CHAPTER -6

SUMMARY AND CONCLUSION

The investigation entitled, “Characterization, Gléisation and
Nutrient indexing of Saffron growing soils of distr pulwama” was
undertaken to characterize and classify these swoitk to evaluate their
nutrient status. In order to achieve these objestivi5 - profiles were
studied based on the variation in apparent soilowol aspect and
topography. The morphological, physico-chemical,nemalogical and
nutrient status of these selected profiles and cmitg samples are summed

as follows;
6.1  Morphological properties

In general, the colour of soil variearfr brown/dark brown/dark
yellowish brown/pale brown to brown/dark brown/dankellowish
brown/light yellowish brown/dark greyish brown/yeNish brown from
surface to the subsurface horizons in the southspect and from dark
brown/very dark brown/dark yellowish brown to darkellowish
brown/yellowish brown/brown/dark greyish brown/vedgark grey in the
northern aspect. In general, profile colour in herh aspect was darker

than in profiles from southern aspect. The texiarsouth facing pedons
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changed from loam/silt loam to silty clay loam/clagm where as, in north
facing pedons it changed from loam/silt loam toydlam/sandy loam. In
profile Ps, it remained clay loam through out the depth. Shrecture of
north facing pedons changed from fine, weak/medigranular/
medium/coarse moderate angular blocky to subandnienky. Where as,
on south facing pedons it changed from weak to maddeangular/sub
angular blocky. The consistency changed from hbegtity hard (dry),
friable/very friable (moist), sticky and plastic(tven Ap horizon to hard
(dry), firm/very firm (moist) and very sticky ancery plastic (wet) in B
horizon in northern aspect. In southern aspectgchiénged from hard
hard/slightly hard (dry), friable/very friable, ght sticky and non —plastic
(wet) in Ap horizon to hard (dry), firm (moist) asticky and plastic(wet )
in B-horizon. In profiles were C-horizon was obgssty it changed from
hard/slightly hard (dry), friable (moist), slightbficky and non-plastic (wet)
to hard (dry), firm (moist) and sticky and plasgtiet). Clay cutans were
evident only on profiles facing northern aspectwiear level topography.
On southern as well as on northern aspect, onlyeddorizons showed
effervescence, which was strong to violent, indingathe calcareous nature

of parent material.
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6.2  Physico-chemical properties

The physico-chemical characteristics confirmed thexture
variations observed in the studied areas from libth aspects and the
topography. The pMaried from being slightly acidic to alkaline inntizern
aspect and slightly alkaline to alkaline in southeaspect. Electrical
conductivity was with in normal range from both th&pects. However, it
was more in subsurface than surface horizons ih thet aspects. Organic
carbon content was found higher in the northerreetsfacing soil pedons
than the south facing pedons. It decreased withnitrease in the depth of

the soil profile in both the aspects.

Calcium carbonate was not found in the surfacezbos of any of
the studied soil profile irrespective of the aspaad topography. However,
it was observed in lower horizons only to the eki&ntraces to 7 per cent
and its content increased with depth in generalia$ also found higher in
profiles facing north than south facing pedonsidagxchange capacity of
north and south facing soil profiles varied from28Lto 15.61 and 12.16 to
14.81 cmal kg "1 s0il in the surface horizons and 9.40 to 18.50 &h@1 to
18.29 cmal kg * soil in the subsurface horizons. The cation exghan
capacity of soil was higher in lower horizons trliha epipedons. The soil

exchange complex was dominated by exchangealief@mwed by Md*
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and K, respectively. The base saturation on averags ass higher in the
surface than subsurface horizons in both the aspe@spective of the
topography.
6.3 Clay mineralogy

X-ray diffraction studies of the subsurface clayegaled dominance of

illite followed by mixed layers, inter layered venulite, smectite, chlorite,

kaolinite and some amount of quartz and feldspar.
6.4  Soil classification

On the basis ofKeys to Soil Taxonomy’ (Soil Survey Staff,
1998) and ‘Soil Taxonomy’ (Soil Survey Staff, 1998)e studied profiles

were placed in the orders of Inceptisols, Entisalsd the Alfisols,

respectively. The Subordeasd the great groups to which these soils were

further classified are Ochrepts, Orthents and Wdalhd Eutrochrepts,
Udorthents and Hapludalfs, respectively, on theisbag presence of
diagnostic surface and subsurface horizons, praf@eelopment and the

presence of particular moisture and temperatureneg

6.5 Physico-chemical properties and nutrient/fertity status of soils
6.5.1 Physico-chemical characteristics (Composit8amples)

Mechanical analysis of composite samples revedlatithe texture

In northern aspect facing soils was finer than Isewrt aspect facing soils.
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The texture varied from loam/silt loam to clay loafine pH of composite
soil samples drawn from southern locations wash#iigto moderately

alkaline. Where as, in case of soil samples drawm fnorthern aspect, it
was slightly acidic to slightly alkaline in naturEhe electrical conductivity
was with in the normal range. Organic carbon cdnteas found higher in

northern aspect drawn composite soil samples thansbuthern aspect.
Calcium carbonate was absent from the top plougér lthat was taken for
sampling. The cation exchange capacity was morsoih samples from

northern aspect with near level topography. Thehamrgeable calcium
dominated the exchange complex of all soils, foddwby exchangeable
magnesium and potassium, respectively. The baseatah was also found
higher in samples from the northern aspect withr teael topography than

northern aspect with gentle sloping topographythedsouthern aspect.
6.5.2 Nutrient status/fertility class of soils

The available contents of nitrogen, phosphorus @otdssium was
found low to medium, low and medium to high, respety. The amount
of nitrogen, phosphorus and potassium was morenmposite soil samples
drawn from locations in northern aspect with neael topography than in

southern aspect.

All the micronutrients were found in the sufficieainge. However,
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higher amounts of these nutrients were presenthe domposite soil
samples from northern aspect with near level togolgy than southern

aspecirrespective of the topography.

The correlation between available primary macroents (N, P and
K) and some micronutrient cations (Zn, Cu, Fe and) Mith some
physicochemical properties were also worked outolyen phosphorus and
potassium showed positive significant correlatioef@icients with organic
carbon. However, the correlation coefficients dfagen and phosphorus
with soil pH were negatively significant. Among thecronutrients Zn, Fe
and Mn exhibited significant positive correlatiooetficients with organic
carbon content in soil. The correlation coefficent Zn, Fe and Mn with

soil pHwere although significant but negative.
6.6  Nutrient indexing/Nutrient index value

Analysis and subsequent evaluation of the collecel samples
revealed that the soils are medium in nitrogen, lowphosphorus and
medium to high in potassium with over all nutriemdex value (NIV) of

1.91, 1.29 and 2.33, respectively.
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CONCLUSION
The research is concluded with the following obagons:-

» The texture of the soils changed from silt loam ditty clay
loam/clay loam with respect to depth. CaGfas observed only on

deep subsurface horizons, thus confirming the oatess nature of

the parent material.

» Clay Mineralogy of the soil pedons were dominateg iltites
followed by mixed layers, hydroxyl interlayered ~eculite,

smectite, chlorite, kaolinite, quartz and feldspar.

The soils are classified as Eutrochrepts, Udorthand Hapludalfs on the
basis of variation observed in the occurrence afjgostic horizons, profile

development, moisture and temperature regimes.

» Soils in the exchange complex are dominated by axgeable

calcium followed by magnesium and potassium.

= Nutrients showed positive correlation coefficienisth organic
matter and cation exchange capacity. Thus the nesnaigt of

organic inputs is essential.

» The soils are found low to medium in nitrogen, needito high in

potassium, but are low in phosphorus. Thus managenoé
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phosphorus along with the management of nitrogeth @otassium

holds key for higher saffron productivity.

The present investigation is expected to delivahatfront of agro-
technology transfer from one area to other, as paint deals with the
formation of requisite resource inventory. The gtatthough through some
light on mineralogy and the nutrient indexing bahoot be constructed as
final word, there fore can be used as a base feldping critical limits of
nutrients for saffron crop and study of mineralagyrelation to nutrient
dynamics particularly potassium. There is also nieedtudy other macro
and micronutrients that were not part of presewngstigation, to get a better

feel of the nutrient dynamics in saffron growinglsof Kashmir.
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APPENDIX —|

Morphological Characteristics of Soil profiles

Profile No. R

Location Alochibag

Elevation 1637

Slope (%) 0-1

Topography Nearly level

Aspect Southern

Vegetation Willow, kikar, almond, rose, shrubslan
grasses

Parent material Lacustrine deposits

Classification Eutrochrepts

Horizon Depth

Description

Ap 0-20
AB 20-50
B: 52-75
B, 75-120

Brown (10YR 5/3), silt loam, medium
moderate, Subangular blocky, hard (dry),
moderately-friable, non sticky and non plastic
(wet), clear and smooth boundary and
effervescence nil.

Brown (10YR 5/3), silt loam, medium
moderate, Subangular blocky, hard (dry),
moderately-friable, slight sticky and plastic
(wet), clear and smooth boundary and
effervescence nil.

Dark brown (10YR 4/3), silt loam, medium-
moderate, sub angular blocky, hard (dry),
moderately-fine, sticky and plastic (wet),
clear and smooth boundary and effervescence
nil.

Dark greyish brown (10YR 5/3), silty clay
loam, medium moderate, angular blocky,
moderately-friable, sticky and plastic (wet) and
strong effervescence.




Morphological Characteristics of Soil profiles

Profile No. B
Location Samboora
Elevation 1642
Slope (%) 0-1
Topography Nearly level
Aspect Southern
Vegetation Poplar, willow, wild fig, grasses astdubs
Parent material Lacustrine deposits
Classification Eutrochrepts
Horizon Depth Description

Ap 0-20
BW, 20-35
BW., 35-87

B, 87-120

Yellowish brown (10YR 5/4), loam, medium
weak, subangular blocky, slightly hard (dry),
moderately-friable, non sticky and non plastic
(wet), clear and smooth boundary and
effervescence nil.

Light yellowish brown (10YR 6/4), clay loam,
medium moderate, Subangular blocky, hard
(dry), moderately-friable, slight sticky and
plastic (wet), clear and smooth boundary and
effervescence nil.

Yellowish dark brown (10YR 5/4), clay loam,
medium-moderate, sub angular blocky, hard
(dry), moderately-fine, sticky and plastic
(wet), clear and smooth boundary and
effervescence strong.

Dark greyish brown (10YR 4/3), silty clay
loam, medium moderate, angular blocky,
moderately-fine, sticky and plastic (wet) and
strong effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect
Vegetation
Parent material

Classification

R

Borus

1644

0-1

Nearly level

Southern

Willow, poplar, fig, rose, bushes ahdubs
Lacustrine deposits

Eutrochrepts

Horizon Depth

Description

Ap 0-25
AB 25-54
BW; 54-85
BW, 85-120

Yellowish brown (10YR 5/6), loam, medium
weak, subangular blocky, slightly hard (dry),
friable, non sticky and non plastic (wet), clear
and smooth boundary and effervescence nil.

Yellowish brown (10YR 5/6), clay loam,
medium weak, angular blocky, hard (dry),
friable, slight non-sticky and non-plastic (wet),
clear and smooth boundary and effervescence
nil.

Yellowish dark brown (10YR 4/3), clay loam,

medium-moderate, angular blocky, hard (dry),
fine, slightly sticky and plastic (wet), gradual

and smooth boundary and effervescence
slight.

Dark brown (10YR 6/3), clay loam, medium
moderate, angular blocky, fine, sticky and
plastic (wet) and strong effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

R
Lethpora

1632

0-1

Nearly level
Southern

Willow, poplar, fig, poppy rose, bushend
shrubs

Lacustrine deposits

Eutrochrepts

Horizon Depth

Description

Ap 0-20

BA 20-54
B, 54-89
B, 89-120

Pale brown (10YR 6/3), silt loam, medium
weak, Subangular blocky, hard (dry),
moderately-friable, non sticky and non plastic
(wet), clear and smooth boundary and
effervescence nil.

Brown (10YR 5/3), silt loam, medium
moderate, Subangular blocky, hard (dry),
friable, slight sticky and plastic (wet), diffused
and wavy boundary and effervescence slight.

Yellowish dark brown (10YR 5/4), silt clay
loam, medium-moderate, sub angular blocky,
fine, sticky and plastic (wet), clear and
smooth boundary and effervescence strong.

Dark greyish brown (10YR 4/2), clay loam,
medium moderate, angular blocky, very fine,
sticky and plastic (wet) and violent
effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

R
Chandhore

1643

0-1

Nearly level
Southern

Willow, poplar, fig, poppy, rose, bashand
shrubs

Lacustrine deposits

Eutrochrepts

Horizon Depth

Description

Ap 0-22
AB 32-52
B, 52-88
B, 75-120

Brown (10YR 5/3), silt loam, medium
moderate, Subangular blocky, hard (dry),
moderately-friable, non sticky and non plastic
(wet), clear and smooth boundary and
effervescence nil.

Brown (10YR 5/3), silt loam, medium

moderate, Subangular blocky, friable, non-
sticky and non-plastic (wet), clear and smooth
boundary and effervescence nil.

Yellowish dark brown (10YR 5/4), clay loam,
medium-moderate, sub angular blocky, slightly
sticky and slight plastic (wet), gradual and
smooth boundary and effervescence nil.

Dark greyish brown (10YR 4/2), clay loam,
medium moderate, subangular blocky, fine,
sticky and plastic (wet) and strong
effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

R

Konibal
1661

0-1

Nearly level
Northern

Willow, poplar, almond, rose, bushed a
shrubs

Lacustrine deposits

Hapludalfs

Horizon Depth

Description

Ap 0-15

BW 15-35
Bt; 35-87
Bt, 87-120

Dark brown (10YR 3/4), loam, medium
moderate, granular, slightly hard (dry), friable,
non sticky and non plastic (wet), clear and
smooth boundary and effervescence nil.

Dark yellowish brown (10YR 3/4), silt loam
medium moderate, angular blocky, hard (dry),
fine, non-sticky and non-plastic (wet), gradual
and smooth boundary and effervescence nil.

Light yellowish dark brown (10YR 6/4), clay
loam, medium-moderate, sub angular blocky,
fine, sticky and plastic (wet), clear and wavy
boundary and effervescence nil.

Very dark greyish (10YR 3/2), clay loam,
medium weak, subangular blocky, very fine,
very sticky and very plastic (wet) and strong
effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

P
Gundibal

1632

0-1

Nearly level
Northern

Willow, kikar, fig, mulberry, rose armdher

shrubs and grasses

Lacustrine deposits

Hapludafs

Horizon Depth

Description

Ap 0-17

B 17-40
Bt, 40-87
Bt, 87-120

Dark brown (10YR 4/3), clay loam, medium
weak, Subangular blocky, slightly hard (dry),
friable, non sticky and non plastic (wet), clear
and smooth boundary and effervescence nil.

Dark yellowish brown (10YR 4/4), clay loam,
medium moderate, subangular blocky, hard
(dry), fine, slight sticky and less plastic (wet),
gradual and wavy boundary and effervescence
nil.

Dark yellowish brown (10YR 4/3), clay loam,
coarse weakangular blocky, fine, sticky an
plastic (wet), gradual and wavy boundary and
effervescence nil.

Dark greyish brown (10YR 4/2), clay loam,
medium weak, subangular blocky, very fine,
sticky and plastic (wet) and violent
effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

R

Ladoo

1648

1-3

Very gentle sloping
Northern

Willow, kikar, almond, poplar, rosedasther

shrubs and grasses

Lacustrine deposits

Udorthents

Horizon Depth

Description

Ap 0-15
A 15-37
C 37-85
C, 85-120

Brown (10YR 5/3), loam, coarse moderate,
angular blocky, hard (dry), fine, slight sticky
and less plastic (wet), clear and smooth
boundary and effervescence nil.

Light grayish brown (10YR 6/2), clay loam,
moderate, Subangular blocky, very fine, sticky
and plastic (wet), gradual and smooth
boundary and effervescence nil.

Light grayish brown (10YR 6/2), silt loam,
fine weak, sub angular blocky, netieky and
non-plastic (wet), gradual and smooth
boundary and strong effervescence.

Pale brown (10YR 6/3), loam, coarse
moderate, subangular blocky, friable, non-
sticky and non-plastic (wet) and violent
effervescence.




Morphological Characteristics of Soil profiles

Profile No. R
Location . Shar
Elevation : 1672
Slope (%) : 1-3
Topography : Very gentle sloping
Aspect : Northern
Vegetation : Willow, kikar, poplar, almond, roseaiae,
linseed and other shrubs and grasses
Parent material :  Lacustrine deposits
Classification . Udorthents
Horizon Depth Description
Ap 0-20 Brown (10YR 5/3), silt loam, medium weak,

angular blocky, hard (dry), friable, non sticky
and non plastic (wet), clear and smooth
boundary and effervescence nil.

AC 20-55  Dark grayish brown (10YR 4/2), silt loam,
medium moderate, Subangular blocky, hard
(dry), friable, non-sticky and non-plastic (wet),
clear and smooth boundary and effervescence
nil.

C, 55-90 Dark grayish (10YR 4/1), clay loam, medium-
weak, angular blocky, hard (dry), fine slight
sticky and less plastic (wet), diffused and
irregular boundary and effervescence slight.

C 90-120 Very dark greyish (10YR 3/1), sandy loam,
medium moderate, angular blocky, friable,
non-sticky and non-plastic (wet) and strong
effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect
Vegetation

Parent material
Classification

Fo
Khrew

1652

1-3

Very gentle sloping

Northern

Willow, kikar, almond, rose and otlsbrubs

and grasses

Lacustrine deposits
udorthents

Horizon Depth

Description

Ap 0-20

C: 20-47
C: 47-82
Cs 82-120

Dark brown (10YR 4/3), silt loam, medium
weak, granular, hard (dry), friable, non sticky
and non plastic (wet), diffused and smooth
boundary and effervescence nil.

Dark vyellowish brown (10YR 4/4), sandy
loam, medium moderate, subangular blocky,
hard (dry), fine, slight sticky and less plastic
(wet), diffused and smooth boundary and
effervescence nil.

Dark yellowish brown (10YR 4/4), sandy
loam, medium-moderate, sub angular blocky,
hard (dry), fine, slight sticky and less plastic
(wet), diffused and smooth boundary and
effervescence slight.

Dark yellowish brown (10YR 5/3), sandy clay
loam, medium moderate, angular blocky,
friable, non-sticky and non-plastic (wet) and
strong effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect
Vegetation

Parent material
Classification

R1
Balhama

1617

1-3

Very gentle sloping

Northern

Willow, kikar, almond, rose and otlsérubs
and grasses

Lacustrine deposits

Udorthents

Horizon Depth

Description

Ap 0-15

C: 15-42
C, 42-90
Cs 90-120

Dark yellowish brown (10YR 4/4), clay loam,
fine weak, subangular blocky, hard (dry),
friable, slight sticky and less plastic (wet),
gradual and smooth  boundary and
effervescence nil.

Grayish brown (10YR 5/2), loam, medium
moderate, subangular blocky, slightly hard
(dry), fine, non-sticky and non-plastic (wet),
gradual and smooth  boundary and
effervescence slight.

Dark brown (10YR 4/3), silt loam, medium-
moderate, subangular blocky, fine, slight
sticky and less plastic (wet), gradual and
smooth boundary and strong effervescence.

Yellowish brown (10YR 5/6), loam, medium
moderate, sub-angular blocky, fine, slight
sticky and plastic (wet) and strong
effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

R>

Mueej

1616

1-3

Nearly level
Northern

Willow, kikar, almond, rose and otls&rubs

and grasses

Lacustrine deposits

Udorthents

Horizon Depth

Description

Ap 0-15
AC 15-35
C, 35-87
C, 87-120

Yellowish brown (10YR 5/4), silt loam, fine
weak, subangular blocky, hard (dry), friable,
non sticky and non plastic (wet), clear and
smooth boundary and effervescence nil.

Dark yellowish brown (10YR 3/4), clay loam
medium weak, subangular blocky, hard (dry),
fine, slight sticky and plastic (wet), clear and
smooth boundary and effervescence very
slight.

Greyish dark brown (10YR 5/2), clay loam,
medium-weak, subangular blocky, vefine,
sticky and plastic (wet), gradual and irregular
boundary and effervescence very slight.

Brownish grey (10YR 6/2), silt loam, medium
weak, subangular blocky, fine, slight sticky
and less plastic (wet) and strong effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

R3

Munipur
1634

0-1

Near level
Northern

Willow, kikar, poplar, almond, roseildpig,
mulberry and other shrubs and grasses

Lacustrine deposits

Hapludalfs

Horizon Depth

Description

Ap 0-28

BW 28-72
Bt, 72-95
Bt, 95-120

Very dark brown (10YR 3/2), loam, fine weak
moderate, granular, slightly hard (dry), friable,
slight sticky and less plastic (wet), clear and
smooth boundary and effervescence nil.

Dark yellowish brown (10YR 4/4), clay loam
medium moderate, subangular blocky, hard
(dry), friable, slight sticky and less plastic
(wet), gradual and irregular boundary and
effervescence nil.

Yellowish brown (10YR 5/4), silt loam,
medium-moderate, sub angular blocky, gradual
and irregular boundary and effervescence nil.

Brown (10YR 5/3), clay loam, medium
moderate, subangular blocky, fine, sticky and
plastic (wet) and strong effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect
Vegetation

Parent material
Classification

R4
Alochibag

1623

0-1

Near level

Northern

Willow, kikar, almond, poplar, pear)anid,
mulberry, chest nut, rose and shrubs and
grasses

Lacustrine deposits

Hapludalfs

Horizon Depth

Description

Ap 0-17
BA 17-45
Bt, 45-86
Bt, 86-120

Dark yellowish brown (10YR 4/4), loam, fine
weak, angular blocky, slightly hard (dry), very
friable, non-sticky and non-plastic (wet),
gradual and smooth  boundary and
effervescence nil.

Dark yellowish brown (10YR 3/4), clay loam

medium moderate, angular blocky, hard (dry),
friable, non-sticky and non-plastic (wet),

gradual and irregular boundary and
effervescence nil.

Yellowish dark brown (10YR 5/4), clay loam,
coarse moderate, angular blocky, fine, slightl
sticky and less plastic (wet), clear and wavy
boundary and effervescence slight.

Pale brown (10YR 6/3), clay loam, coarse
moderate, angular blocky, fine, sticky and
plastic (wet), clear and wavy boundary and
strong effervescence.




Morphological Characteristics of Soil profiles

Profile No.
Location
Elevation
Slope (%)
Topography
Aspect

Vegetation

Parent material

Classification

Rs

Sempur
1582

0-1

Near level
Northern

Willow, kikar, almond, rose, poplareap,

| wild fig, mulberry, chest nut and other shrubs

and grasses
Lacustrine deposits

Hapludalfs

Horizon Depth

Description

Ap 0-15

AB 15-48
Bt, 48-85
Bt, 85-120

Very dark brown (10YR 3/2), clay loam, fine
weak, subangular blocky, hard (dry), friable,
non- sticky and non-plastic (wet), gradual and
smooth boundary and effervescence nil.

Brown (10YR 4/3), clay loam, medium
moderate, Subangular blocky, hard (dry), fine,
slight sticky and less plastic (wet), gradual and
smooth boundary and effervescence nil.

Yellowish brown (10YR 5/3), clay loam,
coarse moderate, angular blocky, hard (dry),
very fine, sticky and plastic (wet), gradual
and smooth boundary and effervescence nil.

Light yellowish brown (10YR 6/4), clay loam
coarse moderate, angular blocky, moderately-
friable, sticky and plastic (wet) and strong
effervescence.




APPENDIX — I

X-RAY DIFFRACTION 2 6 D SPACING — CONVERSION TABLE
2 0 d spacing values for Cu Ka Radiation withi = 1.5404 A (0.1540 nm)

20 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 - 882.630| 441.320 294.210 220.660 176.330 147,1126.090| 110.330 98.080
1 | 88.263| 80.245 73.555 67.897 63.047 58.845 55.1651.922 49.038| 46.457
2 | 44135| 42.033 40.122 38.378 36.719 35.308 33.9532.693 31.526| 30.44D
3 | 29.425| 28.476 27.587 26.751 25.964 25.2P3 24.5223.859 23.232| 22.63b
4 | 22.071| 21532 21.020 20.531 20.065 19.6(19 19.1938.785 18.394| 18.018
5| 17659 17.312 16.979 16.66pD 16.35%2 16.0p4 15.7685.491 15.225| 14.96Y
6 | 14.717| 14.476 14.243 14.01y 13.798 13.586 13.3813.181 12.988 | 12.80p
7 | 12.617| 12.440 12.267 12.099 11.936 11777 11.6221.471 11.325| 11.182
8 | 11.042| 10.906 10.773 10.644 10.517 10.394 10.2730.155 10.040 9.927
9 9.817 9.710 9.604 9.501 9.40( 9.30p 9.205 9.111 .0179 | 8.926
10 | 8.838 8.750 8.665 8.551] 8.499 8.418 8.339 8.2618.185 8.110
11| 8.036 7.964 7.894 7.823 7.75% 7.688 7.622 7.9577.493 7.431
12 | 7.369 7.308 7.248 7.190 7.132 7.075 7.019 6.9646.910 6.857
13| 6.804 6.752 6.702 6.651 6.602 6.553 6.505 6.4556.411 6.336
14 | 6.320 6.276 6.232 6.188 6.146 6.104 6.062 6.0215.983 5.941
15| 5.901 5.862 5.824 5.786 5.749 5.712 5.676 5.6405.604 5.569
16 5.35 5.500 5.467 5.433 5.40( 3.368 6.336 5304 273% | 5.242
17 | 5.211 5.181 5.151 5.121 5.092 3.063 5.035 5.0064.979 4.951
18 | 4.924 4.897 4.870 4.844 4.817 4.792 4.766 4.7414.716 4.691
19 | 4.667 4.643 4.619 4.595 4572 4.548 4.525 4.5034.480 4.458
20| 4.436 4.414 4.392 4371 4.349 4.320 4.308 4.2874.267 4.247
21| 4.227 4.207 4.187 4.168 4.149 4.130 4111 4.0924.073 4.055
22| 4.037 4.019 4.000 3.983 3.966 3.948 3.931 3.9143.897 3.880
23| 3.864 3.847 3.831 3.814 3.798 3.782 3.767 3.7513.735 3.720
24| 3.705 3.689 3.675 3.659 3.64% 3.630 3.616 3.6013.587 3.573
25| 3.559 3.545 3.531 3.517| 3.504 3.490 3.477 3.4633.450 3.437
26 | 3.424 3.411 3.398 3.386 3.3738 3.36[1 3.348 3.3363.324 3.312
27| 3.299 3.288 3.276 3.264 3.252 3.241 3.229 3.2183.206 3.195
28 | 3.184 3.173 3.162 3.151 3.139 3.129 3.118 3.1083.098 3.087
29| 3.076 3.066 3.056 3.046 3.03% 3.025 3.015 3.0052.996 2.986
30| 2.976 2.966 2.957 2.947 2.938 2.928 2.919 2.9102.901 2.891
31| 2.882 2.873 2.864 2.855 2.847 2.838 2.829 2.8202.812 2.803
32| 2.795 2.786 2.778 2.769 2.761 2.753 2.744 2.7362.728 2.720
33| 2712 2.704 2.696 2.688 2.68 2.673 2.665 2.6572.650 2.642
34| 2.635 2.627 2.620 2.612 2.604 2.597 2.590 2.5832.576 2.569
35| 2.562 2.554 2.547 2.540 2.538 2.530 2.520 2.9132.506 2.499
36| 2.493 2.486 2.479 2.473 2.466 2.460 2.453 2.4472.440 2.434
37| 2427 2421 2.415 2.409 2.402 2.396 2.390 2..3842.378 2.372
38| 2.366 2.360 2.354 2.348 2.342 2.336 2.331 2.3252.318 2.313
39| 2.307 2.302 2.296 2.291 2.28% 2.279 2.274 2.2682.263 2.257




