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CHAPTER I 

INTRODUCTION 

The State of J.-:'mrnu Dnd Kashmir is mostly a mountc.::inous 

region of 222,236 squDre kilometer, with 15.8 per cent of th& 

tot~il "reo under cultiv~,tion'nd hos mony vf,lleys of varying 

dimensions. The St"t .. ? is locnt(;.'d in the North Vlestvrn cornl:r 

of the Himolr:Y9S. The v:'lriDtion in t,ltitudE.:, temp0rnture, 

precioi t:ttion~md topography h[Js consequtmtly affected the 

pedogenic processes porticuV.lrly in tht:.: K~shmir region whur(:in 

the (:ff~:ct of eli mot\.: [1nd veg,:t~\tion is morl: pronounced on the: 

soil form":tion. The result[,nt (;ffect of these pedoge:nic 

proc0SSCS is the production of prim~ry ':nd sccond-::ry minE:re:ls, 

which influenc 0 th~ ::W:I i 1 '1bi Ii ty of potossium. 

The nvnilAbili ty of pot~ssium to pl:nts is re:l~:ted 

in m~ny wn.ys to the structure [md morphology of soil minerGls. 

Th2 l'lrgE.: port of pot8ssium in soil minerols, fixution of 

oppliod poto ssi urn (lnd vr'rit?d ion st:lecti vi ty hove led rc sc::JI'ch 

workers to study the r,:,,'L,tionship bc:t'lllf.:en potassium uptDke 

by plr:nts 'Ind soil mlnerology for mony yeDrs (Rich, 1972)_ 

It is 0st'lblishcd thnt in most soils more thon 99.5 per Cl:nt 

of the tot!)l K reserves is -::ccounted for by the inorg:::mic 

forms. So irtr os tht."> nV'-il:Jble forms of K'Jre concernE:d, cl[lY 

fr~ction ~np(:~rs to be the most "important foctor in thl: soil. 

The cl'ly not only @cts o.s [t store: house of nutrients, 

but otrh:r importf'nt soil properties like ion exchnngE; 

equilibrio, fix~tion 8nd diffusion of ions etc., nre 

D Iso contro lIed by tho n[l turu of clr)y fl'ncti on. ThE: propert ito's 

of the cloy fr:')ction obviously dE:pt':md not only on the domincnt 
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mine;al present but also on the whole assemblage of the 

minerals present in it. It is, therefore, imperative to 

elucidate the detailed mineralogy of not only the clay 

fraction but also of the coarse fraction in an attem()t to 

understand the role of a ()articular soil in sup()lying 

()otassium to the plants. 

Potassium is present in soil in various forms; 

water soluble, exchangeable, non-exchangeable and inert K 

held de8p in the orystal lattice. All these forms are of 

yarying ability to supply K to the plants and are in dynamic 

equilibrium with each other. It is important to know the 

magnitude of different forms of K for a proper appraisal of 

K-supplying power of the scil. The determination of the K 

status of soil is usually carried out by extracting the soils 

with salt solutions, weak or strong acids or buffers of acid'S 

and their salts. Depending on their composition these sOl.:utions 

extrr:ct the loosely bound K and a vc.rinblG proportion of more 

tightly bound K from (;;xternal nnd internal surf2ces of the' 

soil mntrix and the nmount extracted more or less approximates 

with exchnngenble K.. Exchcmgenble K is 2 mGasure of the 

qUantity which can be r01ativoly e2sily mobilized ns com()2rod 

to the non-exchangeable K. But no informetion is obtc.incd 2S 

to thL: r~t<:.: 2.t which it is mobilized, thus no true evaluation 

of o.v2.i12.bility can be made. There nre instQuccS where 

GxchangL8.ble K mc~y even be mislec.ding (Grimme, 1976).. Beckett 

(1964) develope~ the QUantity/Intensity rLlationship of 

nutrients with particular reference to K tc provide a 
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scientific bo..sis of nutrient availnbility concept. From 

Beckett's rl:commended experiment 0.1 procedure ont; basically 

obtains a measure of the pool of labile K i.e. quantity 

factor 2.nd also a meo..surc of thE; int cnsi ty 2t which the soil 

is co..pL~ble of supplying the nutriont to the plant s. 

There is very little informntii_n available: on this 

nspect of K-chemistry of soils of K:,'shmir which o..re nlluvie,l 

in no..ture, predominantly illite (Ghosh and Kapoor, 1982) end 

arc rich in K-status. But w,ith high yielding crop varieties 

and bett er fruit plant s make a considc:rnble demcmd (}n the 

soil potas~,'ium reserves. Therefcrl:, even soils currently 

sufficicnt in K-status mny begin tf) show responsl:? to K when 

higher amounts of N cmd P C'Te applie:d., 

The study of mineralogy in relation to potassium 

chemistry in assessing the K-availability is likely to 

throw more light in K-supplying pattern of these soils~ In 

vic:w of such cl( se rElationship of minero..logy to ,genero.l 

aspect of soil fertility particularly K, the present 

invest ig<'..tic ns ho..vc:; bc;cn mc..de in soils frcm various zones 

G f K o..shmir with the fo llowing (; bj ,-,cti ves~ 

a. To char['.cterise the typico.l soil pedons of Kashr.1ir 

for their morpholcgico..l, physicL-chemical properties, genesis 

and their classificat iz n intu T axonGmic Unit s of USDA 

comprehensive system. 
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b. To identify [)rimo..ry 2nd c12Y minernls in the selected 

soil [)rofilt::s. 

~. To find Lut thL relo..ti,_ nshi[) bet",;ecn different K~ 

frr:'..ctil.ns, im[)l.:.,rtnnt physicG-chemicnl pro[)erties and minero..lcgy 

(f the' soil. 

d. To find out the rL12_tionship of soil sC'[)8.rC'tes with 

v:-,rious forms l f K c:md h.-fixing c:-'..[)2ci ty. 

Gl. To find out the free enc;rgy, content cf lC'.bile K cmd 

pctentinl buffering co..po..city befcre end c.ftE:r cropping frun 

Q/l rctius 2nd their rc18tiGnship with K-u[)to..ke. 



CHAPTER II 

REVIEW OF LITERATURE 

A brief and pertinent review of literature related to 

various studies in the purview of present investigation is 

described below under the following heads: 

1.. Pedological characteristics 

:2.. Mineralogical studies 

,.. Pot assium supplying capacity 

2.1 Pegglogical characteristics 

Very few pedological reports are available on the soils 

of Kashmir, h01tJever, the review as could be available is presentp, 

The studies of Hoon (1939) revealed that the soils 

developed under deodar and blue pine in Kashmir valley showed 

podzol characteristics and those under deodar from Batote range 

resembled brown earths. Iyer and Dutta (1982) reported that 

shallow skeletal soils formed from quartzite rock usually suppo~t 

chir pine, while deep moist soils developed on phyllite, shale 

and schist carried a good stand o~ blue pine,: deodar and spruce 

in Kulu Himalayas. Raychaudhury and Govinda Rajan (1971) 

classified soils of Jammu and Kashmir into ~lluvial sOils. Brown 

soils and Sub-montane soils. The Sub-montane soils are found in 

the Sub-Himalayan region and include the whole of Kashmir region. 

The soils of the valley have resulted from the alluvium dcpositec 

by major riveTs like Jhelum, Sindh and their tributaries. The 

soils were classified as Aquept, Ochrept, Aquod~ Orthod, Aquent 9 

Ustent and Udent. Talib (1973) while studying the Karewa soils 

of Kashmir~ classified them into Udalfs, Ochrepts and Fluents. 
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The cold arid soils of Ladakh were classified into 

Cryorthents (Gawande et al 1979) and Cryoboralfs while temperate 

soils of Kashmir into Ar~iudolls, Ochraqualfsj/ Hapludalfs, 

$lld tho se of J amnu region into 0 chraqualfs, Hapludalfs and 

Haplustalfs (Handoo, 1983). 

Soil survey conducted in Pohru catchment of Kashmir by 

Indian Photointerpretation Institute, Dehradun (Iyer and Du.tta~ 

1982) classified the soils of the catchment into Hapludolls, 

Argiudolls and Udorthents. They fUrther reported that the soils 

of the vall(?y. are predom;i,nantly heavy textured with silty 10 ani 

to silty clay loam as the prec'ominant . .j.pxture. This support s 

the view of Gupta et al (1980) and Handoo (1983). 

2!1.1 Physico-c~emical pr£perti~~~ 

Cation exchange studies are helpful ~n soil classification 

and to know the nutrient status of the soil. The cation 

exchange capacity and exchangeable cations of Kashmir soils, as 

studied by various workers (Lall, 1959; Gupta et al , 1980 and 

Handoo, 1983) varied from 20 to 33 me/100g soil. The soils were 

highly base; saturated and exchangeable calcium was the.: predominL'nt 

cation and varied from 10.0 to 16.83 me/100g. Exchangeable 

magnesium and exchangeable potassium varied from 2.25 to 4.0 and 

0.33 to 7.16 me/100g soil respectively. Ahmed and Jones (1969) 

reported that calcium was found to be a dominant cation in 

calco.r2ous grumusols ( derived from lime stone) and exchangeable 

magnosium in volcanic ash grumusols. 
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2 .• 2 lYIiy!~r§,_~().&J.£al~ studi es 

2.2.1 Pe~rogrCll?.rg.£.~st'L.l.dy of q,andJL~ction of soil 

The sand fraction contains mainly primary and accessory 

minereJ.s derived from the parent rocks by the process of 

weathering. In subsequent stages of soil development the 

wentherable miner21s of thisft2ct ion undergo physical comIJinuti :"; 

and chemical disintegration and supply the: reactant component 

of the soil material for the weathering reaction resulting in 

the genesis of secondary minerals in the soil. The resistant 

minerals of this fraction determine the uniformity of parent 

material down the profile. Thus the mineralogy of s2-nd fraction 

togeth2r with the relative abundnncG of the various minerals 

present contributes to the much needed informatiun about the 

genetic correlaticn between the rocks and the soil and the effect 

of weathering process on the disintegration and disapponrancc of 

minerals ond the format ion of new secondnry miner2.1s. The vvork 

pertaining to this topic is reviGwed here in. 

Roonwbl and GCcralapuri (1982) reported that the fine sand 

fraction of red and red loam soils of Andhra Pradesh and 

Coimbatoro, consisted largely of quartz c:md feldspar (orthoclas2 

microcline and plagioclase) along-with other minerals such as 

-hornblende, iron oxide and zircon. The mineralogy of the 

soils indicat e that they arc deri VGd frc.L1 gneissic ccmp lex 

parent mntcrinl. The henvy mineral crop includes hypersthene 

augite indicating the influence of charnokitc: rocks in the area. 



The laterite soils are usually reported (Roonwnl 2nd 

Garalepur'i, 1902) to be composed of zircon, tourmeline, 

staurolite, rutile y hornblende, epidote and~hlcrite as hG2.vy 

minerals whereas quartz and feldspar is dominunt in the light 

fraction. Das (1977) while studying the red o.nd Interite soils 

of West Bengnl reportDJthat quartz is predominant ly high VJi th sor:'!", 

feldspars (both plagioclase and orthoclase) in all horizons. He 

attributed it to excessive leaching under modero.te acidic 

conditions in the tropical region. 

Bhargava E:t 0.1 (1973) while studying the Tunga-bho.dro. 

catchment soils of Karnatnka, used send mineralcgical make up in 

classifying these soils. The soils of younger origin had more 

amount of readily weatherable minerals viz. pyroxene and 

amphiboles whereas the soils which have undergone prolonged 

weather-ing were lacking in such minerals and in turn we:ce 

dominnted by zirc'~n, garnet} iron ores nnd epidote. On the 

contrary the soils occupying intermediate position with ~egard 

to the degree of weathering, contained arnphibolG in significant 

amount. 

Sehgal (1970) repl.rted tho.t there Wo.s regular dGcr-ease 

in hornblende in snnd fractL n as onc proceeds from the e.rldic 

through ustic tl the udic soil groups in Punjab. Pundeer at 0.1 

( 1974) found rounded garnet and quartz grains with growth 

structure as well as the heo..vy mineral suite in some flood pl[.Ll 

soils of Punjab on the basis of which they assumed that the 

parent mo.tcrial cf thesG soils vvero derived from the rew()rl~c;d 

Shiwelik furmat ions :md attribut cd low fert ili ty tu tho lack of 

easily we2thGrable minerals. 
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Rocnwal s.nd GarCl.lapuri (1982) report about the Indo­

Gangetic alluvial soils that they are filled with material 

brought by the Himalayan as well es Peninsu12r rivers. The sand 

mineralogy of these alluvial soils shc,ws qunrtz, miC2.S, chlcri tc 

end a few feldspnrs and heavy resistant minerals such ns 

tourmc::,lj.ne~ gnrnet, zircon, apat it e~ gYPSUITl9 cc:lcite, barite 2nd 

fresh potash feldspars. Muscovite-bictite and chlorite appear 

to be relat ed tc the illite chlorite clays in some low rninfo..ll 

areas of Northern India. 

Dutta (1960) and Gupta et al (1983) report the light 

fraction of the s8TId cf Kashmir soils wc:s dominated by quartzs 

orthoclase feldspar, pls.gioclasep Im.l.scovi te, mice. and heavy 

fraction contained ilmenite rutile s garnet, zircon nnd opnque 

minerc:ls. 

2.2.2 Min..€.r.~lGgy cf clays~ 

Mineralogy of clays in a soil reflects the effect of the 

impc.ct of the forces llf weathering 'in the process of soil 

developrJent. Clay minerals are the altered products of primc.ry 

minerals. Detcrminaticn of the kind end relative affiounts of 

clny miner2..1s is essential to undE.:rstc:.nd L10re fully such soil 

physico-chemical properties 2.S cnt ion exchange cnp2.ci ty, pot assiur,1 

resc-rv(;s ond it s ra.te of release-. Potentia.l knowledge of soil 

clay winerals is also required for placing soils with more than 

35 per cent clay content into correct faL1ily classes a.ccording 

tc Soil T axoIlomy. 
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Ccmprehensive reviews on the nnture and distribution of 

clay Llinero.ls in Indian soils i s 3.v[~i) Clhle but the information 

in respect of Elount ain soils particulQI'ly of .J amITU ond Knshmir 

is inndequate. Sehgal and De Coninck (1971) and Sehgal (1974) 

studied the gec'grnphj.c distribution of clay f.1iner21s in soils ci 

different moisture regim(.>s in parts of Punjab and Hary2Da 2l1d 

reported that the soi Is were dominant ly illi tic but SOE1C kaolinite 

and intergr2de minerals such as chlorotised vermiculite or 

smectite rather than true chlorite was also present. Their 

observ["thn r0g2rdlng chlorite was,hovwvcr, discounted by Sidhu 

and Gilkes (1S77) who contended thc.t true chlorite V.JClS of 'wider 

occurrence in the o.lluvial soils of North-Western Indi2. 

Ghosh and Kapoor (1982) reported illit e (mico.) , smectite, 

chlorite and kaolinite in the fine clay fractions of some semi 

arid soils of E:r:.stern Rajnsthan and western UttClr Pradesh. I';lost 

of the vlest B8ngal alluvial soils have dominc.nce of smectite 

(30-60 percent), mica (10-40 per cent) 2nd kaolinite (6-10 p~r 

cent) with occasional presence of· mixed layer minerClls (10-38 per 

cent) and chlorite (7-18 per cent) as thL other o.ssociat ed 

constituent s in cloy fractions. '?undeE::r et 0.1 (1978) mnde 

qunntitativ2 studies on some soil profiles of centrnl Punjnb 

nnd reported illite (37-66 per cent), kaolinite (10-26 per cent), 

chlorite (15-18 per cent), vermicuLte (4-18 per cent) [\.1'1d 

smectite (2-13 per cent) in clay frr:.ction. 

Kapoor et al (1982) invl:stignt cd the nClture md SE:mi~ 

qunnti t r:.ti ve distributicjn of clny minerc.l constituent s of cloy 

and silt fr['ctions of Hnry2na and Punjab 2Jld reported illite 
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(23-34 per cent)9 chlorite (10-20 per cent)~ Sfllcctite or 

chlorotlsed - smectite (10-40 per cent) cmd mixed layer mirwrC'lls 

of the tYl!e illite-chlorite nnd illite-smGctite (15-30 per cent) 

together VJith some vermiculite (2-14 per cent) in the clny 

frnction. Saxenn and Singh (1983) reported thnt illite, chlorite~ 

vermiculi to and montmorilloni to were present in alluvial soils 

of ~~~~~. Snhu et 0.1 (1983) reported nbout clay miner::::.logy 

of Assnm soils thnt nucn, chlorite, and kalinite were predomin2?til 

present in these soils besides SOIne mixed lnyor minerC'~ls. FroD 

studie:s on some sc..lin2 deltaic allUVial soils of coastal West 

Bengal, Ghosh and Kapoor (1982) reported illite as the domin2l1t 

mine:ral (45 per cent) with smcct it e (25 per cent) , vermiculite 

(10 per cent)s chlorite (8 per cent), kaolinite (5 per cent) and 

mixed layer minero.ls present rc.rely. They report ed the 

occurrence of kaolinite and halloysite (34-37 per cent) in 

associatic·n with smecti te (18-32 per cent) illite (6-12 per cent) 

chlorite (4-11 pc:r cent), v<;rmiculite (5 per cent) and inter­

stratified minernls ( 4-12 percent) in acid sulphnte soils of 

Kernla. The clay mineralogy of some sodic soils of Hnrynna 

contc.ined illite (29-35 per cent) 9 smectite (17-20 per cent), 

vermiculite (4-7 per cent), chlorite (9-11 per cent) nnd 

knolinite wns practicnlly absent.· Besides mixed layer winernls 

(15-30 per cent) of the type illite-smectite, illite chlorite, 

illite-v2rmiculi te and sL1ectit e-chlorit e VJere nlso prc;sent. Blnck 

soils developed in bnsnlt in rlalvn plateau were found to cont::::.in 

70-85 per cent smectite 8l1d some red soils from West Bengal 

reveo.led the domino.nce of kaolinite (50-55 per cent) in associo.tion 

with illite (25-35 per cent), smectite (10-15 per cent), chlorite 

(0-5 per cent) and mixed lnyc::r minernls (0-5 per cent). 
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Lntorite soils of West Bengal though dominant in kaolinite 

(40-60 per cent) contained appreciable quantity of mica (20~29 

p0r cent) tugethE:r \-1i th (4-7 per cent) smectite, (7-20 per cent) 

micC- lnY8r and (4-7 per GPnt) chlorite in the cloy fraction 

(Ghosh nnCi Roy Chaudhuri, 1S74). Kaolinite with occasional 

presence of halloysi te hns been found to be the major consti tUCi1t 

of the lntcri te soil c12.y irrespectl ve of the pl!1.I'ent watcriecl C'Jlc1 

lecation of the pedon in the lnndsca~c (Ghosh 2nd Kapoor, 1982). 

The clecy minerclogy of hill-mountain soils hns not bCL:n 

studied nuch. Clay mineralogy of soil profil~s developed on 

different po-rent materials in some Himc..cho.l Pradesh soils were 

reported to contGlin illite, smectite/chlorotised -smectite, 

chlori te, ko.olini t e and 00c2silnal presence e;f mixed layer 

minerc..ls (Sehgo.l, 1974 and Gupt 0., 1980). 

Clo.y mineralogico.l studies '. f Ko.shmir soils reveal tho.t 

illi t e WQS the:: d0minont clay minero.l besides kQclini te, chlori to, 

smectite end montmorillonite present in fo.ir omounts (DuttQ, 

1960; T o . .lib, 1973 and Guptc et 0.111 1983). Mincro.logical vr:.riQticn 

( of alluvinl soils reflects thE: difference of their original 

materinls recther thQrl thc.t of [ledogenic [lrGoesses (Quan Xu Ji9 

1983) • 

SOHl(? studies of cloy minerc..lcgy in rclo.ticn tu different 

factcrs of soil formQtion such QS climnte, vegetation and pr:.rent 

mc.terial hQve QPpeared in liternture. The soils developing on 

gronitcs 2.nd pegmQtites were rich in kQclinite (Ghosh Qnd Roy 

Chnudhuri ~ 1974) • l'l11.il.e tho se developed on slnt l.'S 2.nd sh:-~les 

showed the dcminc.ncc:: (;f illite (Kc"lDwar~ 1961). According to 



Tnmhnne; and Nnm80shi (1959) the montmorrillonite was the 

weathering product of limestone and granite - gneiss rocks. 

Grim (1968) has reported that soils having montmorillonite 
, 

and kaolinlte could be developed from the same parent material 

under different conditions of climate, time and topography. 

Tamhane and Karele (1967) alsO reported that the montmorillonite 

was the dominant clay mineral under less rainfall conditions, 

while kaolinite under high rainfall conditions in soil of 

Maharashtra originated from basalt parent materia1 9 while 

akolini te was reported to be the predominant clay mineral in soils 

of humid tropics (Prasad et al? 1969) .. 

2.3 Potassium supplying power of the4"~~1~ 

Potassium supplying power of a soil is defined (Nash~ 1971) 

as the amount of K absorbed by growing plants from soil solution, 

exchangeable and non-exchangeable forms. Potassium is a major 

inorganic constituent of plants and its deficiency affects 

several metabolic processes. Potassium is relatively abundant 

and widely distributed constituent of the s~face rocks of the 

earth and comprises 2.6 per cent of the lithosphere~ Through 

weathering potassium is set free to the soil which has a K content 

varying between Z. O. 1 cmd > 3 per cent K mo st frequently 

about 1 per cent (Schroeder, 1978)9 thus present in substOlltial 

quantities in most of the soils but its availability to plants 

differs and is relatLd in many ways to the; physicnl chemistry 

and structure of the soil minerals. Sj.nce the various forms 

of K in the soil exist in a sort of equilibrium with each other:-

it is imperntive to know the magnitude of different forms of 

potnssium for' an appraisal of K supplying pmver of the: soil. 
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The work pertc.ining to this part is reviewed as under: 

2.3.1 Potassium_cmd its distribut ion 

2. 3.1.1 !i~Xleralogy_ of soil Qotassi'vlm 

Potassium contained in minerals is found predominantly 

in primary and secondary crystnllinc silicates. K feldspar and 

K-mica, are the two major groups of K-bearing minerals and among 

the: m.i cas~ biotite is more Clbundcmt than muscovite (Schro eder 

1978). Secondary K-bearing minerals, typified by illite Clnd 

the transitional clay minerals Clre found in variable qunntities. 

During the process of weathering of K-bearing minerals~ K is 

released. Young-unweathered soils arc: mainly rich in K-bearing 

minerals and may release high quanti ties of K (Mengel and Kirkby 9 

1980). 

The alluviCll soi Is oi north'Crn Indio.. have been formed from 

the weathering of the sedimentnry rod,s of the Himnlayas while 

those of the southern parts cf the country from the decomposition 

of rocks from Peninsular mountains which are mainly composed of 

crystalline and metamorphic rocks Q,.YJ.d some igneous cmd sedimentary 

rocks (Govinda RCljan and Gopala Rao? 1978 and Wadia, 1960). Most 

of tho alluvial soils hnve more than 1 per cent K20. Weathering 

and relc3se of K from feldspar is very slow process (Sarmn, 1976; 

SEkhon, 1976). Muscovite, biotite, orthoclnsc nre the principc.l 

potash be~ring minerals in PunjClb soil. The content of these 

minerc.ls ['TO Lstimated as 5-30 per cent, 2-15 per cent and 

1-5 per cent, respectively. Miens cere more susceptiblE; than 

feldspar to wer'th0ring (Ri ch, 1972; Rc.smussen, 1972). Feldspar 

Md miCas nrc me:.inly present in th0 s~:.nd f'.nd silt fractions cf 
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soils. Illite admixture with chlorite is the dominant clC'.'y 

minc::,~c:.l in th0 nLluvi('~l soi Is of IndiCt, (Gho sh 2nd K2poor, 1982). 

Vermiculite mixed with illite j vermiculite o..'1d chlorotized 

intergro..des I::;f vermiculi ttS occur 8.S importClDt constituent s 

(Sehgal 2,nd De Coninck, 1971). Of the clay minercls, the illit\~ 

group (clay mica) is considered to be tho only onc: heving n 

substnntinl K ccntent (Reitemeier, 1951). 

The source of pcto.ssium in blCtck soils of Indio. (So.rmc., 

1976) nro mninly orthcclnse micrccline, muscovite and biotite 2S 

they release K cn weathering. Quartz, feldspar o.nd micas 

(muscovite and bioti tel arc present in vc.rying stc.gcs cf 

weathering in rl?d soils. The llio..gnitude of K rele2se from these 

minernls is in the order biotite > musclvi to / orthoclase> 

microcline (Huang et 0..1 1968). 

2.3.1.2 Fo~cf Q~.-:Lassium ~nsL_iJ'leir availflbili t,Y 

Arnold (1962) reviewed the nvo.ilo.bility of K to plc.nts 

nnd listed four forms that occur~ 

i. \later solUble is the qU8.nti ty of K, at nny time dissolved 

in the soil soluticn under field moist conditions. 

ii. Exchnngeo..ble K is held agninst negntive ch8.rges on 

soil colloids and is replaced with cntions of neutral snlts in 

8. relnti vely shurt pericd. This ferm replenishes the wo..tE:r 

soluble K thnt is remcved by crops. 

iii. Non-exchangenble K but useful K, is held in the outc:r 

po.rt (f the crystal lattice of clo.y minernls nnd this form may 

be "no.tive soil potnssiumll or it may hnve o.ccumul8.t0d there. 

This fracticn replenishes the exchnngeable K 
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iv. Inert K is held deeQ in the crystol lattice. All these; 

forms arc of v2,rying ability to suQ:,ly K tu the Qlants DJld tht::re 

ex1st a dynamic equilibrium among these forms. The b:;o,sic 

ccnceQt of such equilibrium is that n chnnge in the magnitude of 

one form will tend tu be cc.;mQensntcd from another form. Hence 

study of o['.ch form is meoningful c.nd h3.8 got its own imQort 8D.CC 

in the K c..vailability evnluc..tion. 

Although wntcr soluble K is invc.rinbly present apQrecinblc 

quanti tics arE:.. net likely to occur exceQt by applicntion of 

solUble potnssie fertilizers (Reitemeicr, 1951). 

Apnrt from the: cGneeQt of cr ntnct exchnnge feeding by 

roe.·ts on cxchnngcc.ble; cntiGns~ it is QresumL'd thnt soil K entering 

root s rust be in soluble form. K conce;ntrntiun in the soil 

soluticn which when deQletcd by plc:mt roots vin the solution phese 

frcm beth exchnngcnblc and non-cxchnngulble form is controlled 

by K releasing pctentinl of soil minernls (Eagle, 1963). 

According to Hnlstcd and J cnny (1959) vwtcr soluble K 

was found to decrense with increasing clay content. Grin~e (1976) 

ottnched 0. gr(['tcr importcnee to the wotcr soluble form o..s it 

ccnstitutes the frncticn nctually cwailnble at c. given time 2nd 

because its concentrntion affects the uptake ro18 of K by plants. 

Applicc.tion of pot assic fertilizers increnses the 

concentrc..ticn of potassium in soil solution by sDturating the 

inorg['.nic CEe VJi th K (Ruy et al 1978) but it is likely to result 

in fixntion of p~tnssium due to shifting of potnsh equilibrin 

(Wiklnnder, 1954), 
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~change:J.1?le K: 

The exchangeable K of a soil is difficult to define 

theoreticnlly nnd to detormine experimentally fo r nt L :8.st 

three rensons: 

n. the absence of a sharp distinction between soluble nnd 

C'xchangeablC' fractions. 

b. existence in some soil of difficulty exchangeable K \tJhj_ch 

is not immediat ely extr2J.ctable from the usual reag2cnt s 

nnd; 

c. th0 dissolution of mineral potassium by exchange 

e:xtrL'.ctant (ReitemeiC'r; 1951). 

Existance of three different sites has been proposed by 

Schouwenberg and Schuffelen ~ 1963); planer, edge and inter lattice~ 

each wjth its specific exchange constant~ rapidly exchangeable K 

occupying the planer and edge inter-lattice (Bolt et 0.1 1963 Nld 

Rich, 1964). It has also been reported that a small D'I . .j.mber of 

sites are of high preference to K and large number are non-specific 

to K (Lee, 1973). 

Non=e~~han~eable K: 

Bray and De Turk (1939) suggested the importance of 

micaceous clays as a source of non-exchangeable K used by the 

plants. They postulated that the micaceous clay represent a 

reservoir of unavailable K with which the exchangeable K sloVJly 

comes to equilibrium. Arnold (19620.) states that the inherent K 

fertility depends on the K release from the non-exchangeable 

sources. The release is highest from the soils derived from the 

basic rocks and lowest from soil derived from the send stone 
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(Sobulo, 1973). In the soi 1 it s quantity depends on the type of 

clay minerals and it is normally more in -che illite dominant wd 

least in the kaolinite dominant soils (Black, 1968, and Ross» 1972.' " 

It has also been demonstrnted that a decline in total fertility 

oGcured due to release of K from this form (Mehta, 1976; Singh nne:: 

Brar, 1977)·. Ghosh' (1964) found a high percentage utilization 

of non-excha~geable K by plants. The amount of non-exchangeable 

K repe2tedly extracted v>Jith 1NHN0
3 

correlated \'>lith the K uptake 

from crops (M&cLean, 1961). 

The availability of K in soil depends on many factors 

including the kind of parent material~ clay miner&ls~ \'>leathering 

conditions etc. Correlation of 2vail&ble K in soil \'>lith pH, 

CaC0
3 

and organic matter h&ve been found to be positive and 

significant (Acquaye, 1974). AvailablE:: K has been reported to 

range from as low as 0.02 per cent at total K in sandy soils of 

Tamilnadu (Prem8P8.than and Durairaj~ 1966) to 0.5 -.1 per cent 

in soils of Punjab and Bihar (Grewal ClDd Kamv8.r,1966, Tiwari et [J 

1967) nnd about 3 per cent of tot al K in alluvial soils of 

Rajasthan (Dhawan et 0..1 1968). 

The magnitude of other forms of K in alluvial soils 

also grectly differs from plece to plasGo Grewal Q..Yld Ko.n\,l2I' 

(1966) found th&t Punjab soils contained on an 8vcrage 1.4 to 

2.7 per cent K20 of whi~h 30 per cent was HCl soluble» 6.1 per 

cent \iC.S in }{N0
3 

soluble (fixed) and w2ter soluble K was 1208 ppm, 

Alluvial soil of Uttar Pradesh are ::omparati ve ly rich invwtcr 

soluble 2nd HCl soluble K (lY1em:otra et 0..1 1973). Contribution of 

clay to tot2.1 K is more in blai"k salls while that of sand cmd 
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silt fr2ct icns is more in nlluvin1 soils of Madhya P rCldesh 

(Dhawc..n et 0.1 1968). This suggests thnt .Ln nlluvinl soil K 

bearing minerc::tls arc more in the C02.rser fractions (Ghosh and 

Ghosh, 1976). 

The clay contnins 3.03 to 4.13 per cent totnl K, silt 

cont 0. ins 1.78 to 2.77 per cent nnd fine snnd 1.0 to 1.93 per cent 
• 

totnl K. The clny contains 1.45 to 2.17 per cent HCl soluble K, 

silt contnined 0.54 to 1.24 per cent and in fine snnd HCl soluble 

K was 0.17 to 0.40 per cent. The cl~ contains 0.36 to 0.53 p~r 

cent fixed K - 1N~03' silt contains 0.09 to 0.30 per cent nnd 

fine sCu.ll.d contains 0.02 to 0.31 per cent. This W[lS reported by 

Knnwar nnd Grewo.l (196611' Lodhn [lnd Seth (1970) and Mehrotr['c 

et 0.1 (1973). 

Genero.lly the e:x-~honge2bl(: nnd vmtc::r soluble K is more 

in the surfnce soil tho.n in the sub soil( Chcmdhuni nnd P areck, 

1976) This difference is more in conrsc tcxturLd soils than in 

fine textured soils.. This v2rintion is 2ttributed to (1) rclnti­

vely more intense wenthering of the surface (2) relense of 

soil K from orgnnic residues (3) npplicntion of pot2.ssic 

,fertilizers nnd (4) upward movement of solUble K due to c2pillL'.ry 

rise of water (Chandel et 0.1 (1976). Singh 2nd Sekhon (1977) 

reported that in summer K snturntion W2.S maximum in th2 0-30 em 

layer nnd minimum in the 180-225 em layer. It increased in 

October which wns attributed to rclcnse of K from illite minernlf, 

in 30-225 em position of the profile during rniny senson and 

subsequent necumulntion in 18ycr deeper thnn 180 em. It \<JC'B 
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further observed tR~t percentage K saturation decrcc.se:d with 

the depth in the profi le Clnd decreo.se wc~s irrespective of clay 

content or GEG of the soil. 

The bulk of potassium in Block soils is present in HGl 

soluble and non-exchangeable forms. Exchongeable K varies from 

0.06 me tl) 4.65 me/100g and the ""'Inter soluble K forms a very 

small fraction of the o.vnilc.ble K. In general, black soils h<'.ve 

fairly high content of exchongeable K (Nagaramo. et 0.1 1976 and 

Meht a~ 1976). R ~d soi Is (V ermQ ond VermQ, 1968) (p areek et al 

1972) usunlly hove low content of exchangeo.ble nnd non ..... exchmgcc.ble: 

K whi~ W2S o.scribed to their low clay content and domino.nt 

presence of kaolinite in their clo.y. Grewo.l and Ko.nwnr (1966) 

reported total K20 content in most of Punjab soils Wo.s 1925 mg/100& 

and o.V'ero.ge total K content in most of the Utt o.~ Prc.desh soils 

was 1940 mg/100g (Mishra <'J1d Hnrishnnker, 197D). 

The tot al K cant ent in MohcTG.shtrn soils hove be~n 

observ,--d by Ke.drekar ond Kibe (1972) to be 688 mg/100g. 'rhe totc.l 

K content in some Himo.cho.l Pro.desh soils (Gopal Das 2nd 

Shankho.yan, 1979) nnd Suresh (1979) varied from 1.02 to 2.62 p~r 

cent 3.nd non-exchnngeable K from 145 to 500 ppm. Hnndoo (1974) 

observed that the water solUble K varied from 7.60 to 13.80 ppm~ 

exchcmgco.ble K from 98 to 283 ppm, non-exchongenble K from 

488 to 936 ppm K and toto.l K from 1.40 to 1.54 per cent in somE.: 

of soils of KC',shmir. Of the vnricus lo.bor2tory methods, 

extro.ct ion "Ji th boiling 1NfllilO 3 correlC't cd bett er with the 

continuous cropping technique fer the determinaticn of non-

exchnngeo.ble K upto.ke by the plo.nts (Mo.cLecn nnd Bryden, 1963). 

Lnck of response to K fertilizer in mClny soils IJ'ls>y be partly 
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attribut ed tl the, groGtl'r nbili ty of tho soil to release non­

exchange2ble K (N cosh, 1971). The K released from the minerals 

due to weathering and delivered tc the root s must pnss through 

the exchange sites or may reach soil sulution directly. According 

to Grimme (1970) much dependance on the release frcm the non-

exchangcnble sites may mean reduction in soil fertility status 

unless replenished from recycling. 

Atage (1973) observed th~.t the amounts of non-exchangenblc 

K extracted frcm vnrious soil fraction were in the: crder; 

clay '? silt '/ sand fractiun in Nigerian soils. Munn et al 

(1976) not0d that in four Ohio soils the clay was found to 

contribute 20-74 per cent,silt 25-56 per cent nnd sand 3-21 per 

cent of the total K. 

It is found that when potash fertilizer had not been 

applied to soil, a graduc.l conversion of non-exchangeable K to. 

the exchangcC'.ble form took place during the cropping S02S0n, 

soils fully saturated wit h calcium with no ndded K were found 

to supply plant growth indicating that K .... "1O's being released frow 

non-exchangeable forms, (Gholsto~ 2nd Hoover, 1949). 

2.3.1.3 K-fixat ion 

P nge and Baver (1940) relat ed the fixation to thE: size 

Clf the unhydratc:d ions. It wns postulc.ted thut the diamcte:r CI 

K was (2.66 AO), was clese to that cf size (2.8 AO) of hexagcnal 

oxygen cavity. The fixation is zero with k~Jlinite, chlorite 

ond micC's, slight with montmorillonite vario.ble with illite 

according to their degree of nlt eratiL n (K cent ent) ond strong 
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with vermiculite (Duthion, 1968). The phenomenon of potassium 

fixo.:ti( n i. e. conversion (,f exchengenble QUd wa.ter soluble K into 

mcdero..t ely or slcwly avnilable non-exch8l1genble K is 3. part of 

the potassium dynnmics in soil. 

Movement of water soluble K tc exchangenble K is the 

first step in K fixntion ond there exists 0.. significo..nt pcsitjvcc~ 

correlotion between ndsGrbed nnd fixed K (Grewnl nnd KnDVJnr, 1973) 

and nttributcd K fix2.tion tL illite type of clnys (Prnsad et :-:,1 

1967). 

A decrcnse in pH h(":s been found to be Elssocio..ted "Jith tho 

reduction in potassium fixntivn in some soils of India 2nd 

Bnnglc..desh, (Bagchi ood Ray, 1975; K[',de et 0..1 1978 <md Karim c..nC 

Malik, 1957). 

The presence of NH4 ions reduce K-fixntion (Sen Guptr_ 

et al 1971). Alternnte wetting end drying influences considerc-,b:y 

thl: fixed K -==='~ exch<mgeable~ soluble K reaction in soil. If 
" 

the exchongeable K is mere there is fixntic,n o..nd L: it is less 

there is releose (Grewal and Kanwo..r, 1973). .:Jrying nt higher 

temperature- results in an incre2,se in K fixC',tien (Bagchi C'J1d Rey 

1975) Karim and Malik, 1957). This is because higher temperature 

fovours dehydro_ticn o.nd contrGcticn of crystal lattice. Tho cxt(;:--:t 

cf K fixo.:tion differs because of the; differencL.s in the nc.ture-

and content of clny besides other fo.ctors. It ho.s been reported 

tc be o..bout 57 per cent in soils l'f Uttar Prc~desh, (Po.thok ["nd 

Sho.rma, 1963), 16-21 per cent in Punjo.b (Grevvn1 end Kanwar, 

1967) 2nd increased with on increc..se in thl: o.mount of npplie-d K 
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(Ramokrishnayya cmd Chatterjee, 1976). Tho K fixing cc,pO-city 

of r0d soils is loss than bl~ck and alluvial soils (Ramnnathan 

nnd Krishnamoorthy, 1976). In most of the Himachal Pradesh soiL::: 

(Suresh, 1979) K fixing c~pacity varied from 375 to 650 ppm 0~d 

attributed it tc the presence of illite in these soils. 

The other part of the dynamic equilibrium is the relo2sG 

of K from non-exchangeable or fixed fractiono Plant s are nble 

to tnke more K from the soil than is present in watur soluble 

and exchangeable ferms, indicc.ting th2.t K is released from 

non-exchangenble sources for Use by crop plants. Alluvial soils 

contain much higher amount of fixed K then soluble ond exch~~gu2bl~ 

forms (fvlehrotra and Singh, 1970). Sachdeva (1975) observed th2.t 

non-exchongeable K contribut ed tcwnrds the crop requiremGnt s at 

high yield levels in medium K-soils and the contribution of 

soil available K towards crop removal was an elastic one, varying 

widely with yield levels. 

Cloy minerals, 8ddi tion of K fertili zcr s, soil reaction. 

free lir,10, alternate wetting o..nd drying o..nd organic carbon are 

seme of the factcrs affecting K fixing cnpacity of soil. 

Applic2.tion of mmnonium sulphate significantly decreased the 

[lvCtilnbili t y of potassium. Sup Grphosphat c behoved similarly 

when applied in lorge amounts (Patil et 0.1, 19(6). Potassium 

fixc.t ion not onl y prot ects soi 1 K against leaohing but it also 

renders it QOre diffioulty available tc plonts (Mitra et al 1958)r 
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2.3.1.4 Potassium uptcke: 

Ahenkc.rah (1970) using peronnial grasses in pot experimcni"­

found that the release of non-exchangeable K varied from 

5 to 1200 kg/h. IvIehta ( 1976) ~ however, found the.; release from 

250 to 480 kg/h. Kadrekar nnd Kibe (1972) found thnt 36 tc 80 pc.:l 

. cent of the total K uptnke came from the non-exchangenble fractL.'L. ,. 

A wheat 2nd a maize crop gruvn in succession remove about 

150 tc 200 kg/h/yr and at such n rDte cf removnl the totnl 

potnssium may last only about 200 to 300 years provided all of 

it'is susceptible to o.dsorpticn by crops. But a portion of K 

remcved by crops is r0turned to it in the form of orgnnic manures 

and plo.nt residues (Sekhcn, 1976). Six successive crops cf bajrn. 

removed 65q. kg K/h out of which the non-exchangenble K contribut od 

81 per cent of the total K taken up by the crops (Mehta and 

Shah, 1956). 

Pot o.ssium rele::se Chnro.ct erist ics of soils have been 

compu t cd. The cumulat i ve K relense during the successive 

extro.ctions with 0.01 N Hel h[',s been found to be positively 

ccrrelnted with K uptake by 0. ro.gi crop CRamono.thnn, 1975). 

The K-content in 40-days old whent plant "Was 2.96 per 

cent nnd upt ake of K Wo.s significantly higher in b2.rley o.t 40 days 

o.ft e:r sowing but lov·wr o.t 100 day nit er sowing than "Wheo.t. 

Incre2.sir.l.g rr~te of N increo.sed the tcto.l K-uptake (Scndil, 1979). 

K-uptcke is r2.pid in ecrly stage cf gruvJth, during the tiEle (;f 

peL'.k uptnke rn.te, K j_s tCtken up o.t a r8.te of 2.0 to 3.3 kg/h/do.y 

by whcct wld 3.1 to 6.0 kg/h/duy by maize. Mo.ximum K uptake 

is recched some time before mox1num dry matt er production md K 
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contC:lJ.-G decreases c s the grain matures. Wheat takes 70-75 per 

cent of its Ie ne2r, by anthesis with 40-·60 per cent during 

tillering ar:1d ear initiation (Rejado, 1978\. 

GosvJami et al '- 1976; observed diffel'ences in the m8.gnit~:ds 

of crop respmlse to fertilizer potassium between various soil 

groups. Laterites, red and black soils are generally the most 

respol1s:Lvo to K and observed that rice tended to respond to 

potas,"ium more t~lan wheat. 

Albrecht ;.1940) has observed thc:,t the plants VJhio'.'1 are 

not ably h}.gh in carbohydrat e product ion and 10YJ in prot ein 

produ.c~ion have a higher Land ea requirement than legur,linous 

plants tllE,t are mostly high in protein. The E. content was higher 

in the beginnL~lg of plant grovjtl1 and decreasL,d \'Ji th an incl-ease 

in ti'1e ase of plant. A wheat plant of 35 days old had 5.36 per 

cent I\. ~ SL1gh and Singh, 1981. \vhereas in leaf it va.ried frOID 

3.09 to 4.66 per cent (Lodha et al 1969). Young sec·dlings take 

up l:\. very rapidly a:1d 2 to 6 per cent K in corn plants 15 crJl 

high YJaS observed. Higher levels of potassium ensure adequElte 

crop uptake of Lunder condltions of lOVJ soil tem:,:-eratur(:' a.YlG 

reduc(?(~ frost damage.Grewal and ,Sharma : 1978) recorded a mal':.e-c~ 

effect oi pot assium in mi ti.gating fro st injury to pot ato. 

2.3. 1.5 ? ll~~~i.c:.o~- C)l.e.m.i.c al approache.s~~. 

No single chemical extroctant can be recoID1Lended for 

all ty;->es of ,soil for pred.i.cting tile L··availability to plant s. 

~( estii"::1atecl by the chemical extraction method sel'ves as a 

worl.:;:able ind ex to ."'1~lat is available for the plant at the time 

of estiElation. It does not indic[:te the c::langes in availabili t~-



of K fror,l tIle: soil or with vJhat iot ensi ty it is available for 

the plant as K depletion from the soil occurs either due to 

crop removal or due to leaching. Thus to obtain a clear pictl .... re 

of I(~~supplying pOVJer of the scj_l (Beckett ~ 1964b) introduced 

QUal.':tity/lntensity relations. 

Activity rc,tio: The availability of 5. nutrient can best be 

descri0ed by the tot al amOL~nt that \I)ould be available fer t:'-:.e 

crop during i.ts grovJth i. e. the total labile pool or quanti tj 

factor and the intensity ,,'lith which it \'Jould be available. The 

'/i ' t t t.' 'Rk' , quantit~T fi.ctor '. ~ 1') and the in ensi y fac or \, A j propos':cG 

by Beckett : 1S64 ; give a bett er picture of the pot assium GUPQlyi'l~' 

pOvier of a soil thEm availeble Fe or ionic activity ratio oJ: 
1, 

pot assium. .t:e ;:1a.s proposeci .. Act l vi ty rc,t io of pot assium '~f~fr') 

i. 2. .8}S ~ . as the intensity factor. This technique 
.laX cr8:-::"fll-g) .~. .~ 

consists of equilibrating the soil '\.Jitll a known graded ARh
: solutio 

havlne different amount ' f K. The acti vjty retia of the solution 

to VJh:;"C:l tll.(? soil neither gains nor releases K is ta}.:en as the 

equili8rium activity ratio of potassium ':ARkj in the seil. Fro;il e 

the composition of the equilibrium solution the K lost or g:aine(': 

by the soil ;:.~'. ~ L) is comput ecJ and a plot of ~: 4 K and ARk of 

the equilibrium solution is made. The curve obtained fully 

describes the G/I changE s in the soil. The potential bufi:'erln; 

capacity _ .,'BC) :. Beckett v 1964) combines in one par2,meter tile 

Ouant :Lt:' .. I nt ensi ty f2,ctor. fTll + f ._- T'Ck . 1 1.:1e concep l. o· ]:-),U lS 2. so 

for predi CtL1g the ability of the soil to supply K for sLlstalneC! 

crop prod~LCticn. 
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Some ,,'JOrkers ,:Beckett, 1964a; Tinkar, 1964a) pointed 

out thcit the acti vi ty of K alonE: might not sive a good 

correla-tion but t,iC ratio of the activity of K to the actJ_vity 

of other ca-cions should give a better information of K 

availability. The activity rE~tio U~R) gives a satisfactory 

measure ,)f the chemical potential of labile K in soil provided 

the soils are not of '\'Jide calcium staws. Beckett (1964c; aga:!n 

h8S shown that the Al~ is canst ant over a variation in tho Ca cmc~ 

11'lg content of the soil. The AR may be same for t'Wo soils 

although the:: c;bsolute L content of the soil are different ar1d 

thus t~le decisive effect of l\. concentration ·~pon K uptake ',Jill 

not be t al\:en into account. 

According to Beckett (1964b) the following five facts 

are to ~Je considereEl \'J11ile AR is used as a measure of K 

avai 120ili ty. 

i. The jl.F( provides a measure of K availability at the tiDe 

of measlTcment, it v,Jill vary vdtl1 prolonged activity. 

ii. The AR vvill not give a measure of K status while 

comparing soils '\;Ji th '\;vide Ca .. status. 

iii. ~:f t:1e upt ake is regulat cd by mainly one ant a30nist ic 
," ._--_. __ .. 

ion like 1;[ tbe ak/ ad':Ig,: may indicate abov.t the h.·~availabiljt~c. 

iv. The AH vdll r~ot give a good meaS\ .. T2 of h,.,·availabili ty 

if the soil is of low charge density. 

v. Soils with high 1\;2 or A1 V-Jill vary in the AR. 

RolE: of Al, Fe and ~,n in influencing t:le p,.?. Wc,S also 

studied by differ ent vwrker s. Thus fl.' inker ,1964a) include6 

Al ion in tile calculat ion of iR for C iger ian soLis in v)(liC'h ,'~l 
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was the main eX4Whangeable .ation ~ akj ~a Ca+f,ig +I'a 1/3 Al. SLlgL 

and Talibudc2n ;: 1969; suggested to use only 8l{/?j'a''Er for 

calcu lat in g t'he act l vi ty. 

l-"l.andila',la ailcli:-'clsric:la '.1976) found a better relationGhip 

Vvi th K CO:lt en t ;,."hen thcy consldered Fe and r"'m also in the 

c81culati'::ms. \Jhile measuring the Activity Rat io of some 

I,D 
.H1I. 

Gh::mian so ils to knovJ the int enSl ty of K 1 Acquaye et al (1S6'n 

ob served thGt it Ii as relat ed to the amoL~nt of exchangeab le E. 

extracted by l'fE4 OA.C and particularly to t:'le uptake of K by oats. 

I-loss .1967) found activit~, ratio to be related "Jith exchangeable 

and non- exchangeab le soil Y'~. Acquaye and l1acLean i.. 1966) obsel>vec~ 

that the .L • raLlO - .A .. 0 I ',nk 
~ h. I !~n. 

J, e sho"J ed sonle rclationshiLJ 

to the ::--mount of non-excl1angeoble L vJhich vvas 8...11 importcmt .sOUl'C2 

of Lin. iDO ct of the soils. l~ afad y a."1d Larnm (1972) observed 

decrease of equilibrium activity ratio to occur unless the rate 

of mobih.zation frOFl difficulty exc~langeable l{ "vas high enol;,gh 

to sustai.n tile loss. 

Numerous studies h2ve been made on Q/I relationship 8.3 a 

parameter for potas;c'ium Dl'trition of plants. Good correle,tiOtI 

have L'ecn obtained eithel' betvJeen the activlty ratic. ord F 

(chang2 Ll free energy) and concentrat ion or upt a1\:e of Ie by 

plants ,Tinker, 1964~ J\ddiscot1 1970~\Jc.odruff, 195~1 and 

Talibudeen, 1'J74). But in most of the cases activity ratio 'lave 

been observed to be inadequate to describe availability of I:c 

to p12.nts UJandyopadhyay~ 1976~ Blanchar end Hossner~ 1968 ane', 

Addigcot, 1974). 
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Ghosh and Ghosh (1976) have reported the value of 

AR1~ varying from 4.9 x 10-3 to 24. x 10-3 (moles/L)~ for soils o 

of N agaland. 

The value of ARk as reported by other workers are o 

0.0005 to 0.009 for some Ghanian soils (Acquaye, 1973) and 

0.0C41 to 0.017 in some soils of Himachal Pradesh <Suresh, 1979). 

Ramakrisr"';'1ay~7a and Chatterjee (.1976) found ARk to be e 
r" " 10-3 

high (1.8 to 20.8'1/L ;-"2 x in red soils dominated by 

kaolinite clay and low (1.0 to 1.8 (M/L) 0.5 x 10-3 ) in black 

soi Is dominat ed by smectite group of clay r:1inerals. The value 

of ARk of Delhi and ~ondlcherry were 5 x 10-3 and a 

2.35 X 10-3 l\j/L~-, respectively (Bandyopadhyay y 1976). 

The plant upt a1, e of K 118S been found to be po si ti vely 

eorrelated VJitl1 J..Rk (Ghosh and Ghosh, 1976) and hence sometimes a 

it is td~en as a good index of Ie availability. The ability of 

K in the soil solution partly depends on the release of K from 

the fixep form and partly au the rate of K diffusion into the 

soil solution. Tinker : 1964a) \'.Ihile investicating acid soils of 

Africa found that til: slope of Q/1 curve 'v"ClS much lo-wer than the 

Englisll soil. This shmvcd that the tro(:dcal soils were less 

btlffered against the K depletion. 0/1 relationship 1:1as found 

to be similar for most of the soils except in cases vJhere eEe 

was low ,Beckett, 1964c; Talibudeen and Dev, 1965a). 

Depending on the soil type both the parameters Ouanti ty 

and Intensity fall to a minir:rum in soils being intensively 

cro[)ped after vlhich the pool serves &s ti1e vehicle by \ih:Lch K from 



interlattice sites be~omes nvailable to the plants \Le Roux and 

S 1C'r,)", 
umner~ JOU/ ' Ho\vever~ in ony one se2.son the response of plnnt 

to K will depend m2.irl1y on thE v2.1ue of the pool of labile K at thl 

beginning of that season. Ghosh and Ghosh ~ 1976) observd no 

extra ad\ro.i.ltC'.ge in describing K avail"lbili ty in terms of Q/l 

rel2.tionship. Similar conclusions were also. drawn 'h.." 

BandhY2.)adJ.l.yay ',1976) while worlcing on r;.x1, bleck and al..t..uvial 

soils Oi~ India. 

The slope of t''')(:! J/I curve is known 2.S pot enti al buffering 

·o<.:,pooi ty ,eBCk ) which indicates the capacity of the scil to 

replenis:l supply of K to soil solution. In alluvial soils, FBC
k 

is dependent on the quantity [lnd type of clay minerals (Sen Guptc.. 

and D[1.s~ 1S77~ :Candhyopadhyay~ 1976 , 2nd org2.n1c matter in soil 

,~Chat'i:: erje, , 1976). 

Numerous studies [lave bec:n made on C/l relationship as 0. 

pCTgmetel'" for potassium nutrith n of plants. Good correl2.tions 

have been obtained either between the sct1vity rgtio or F 

,: chan~c in free e_~'er[y) Cllld the concentrcction or uptC'ke of K by 

plants ',Tinker~ 1964; Addiscot~ 1970~ Talibudecm, 1974). 

P..amc~moorthy and t nIh} al. 1965) found a good correlation 

bet\veen Ie rc:'sponse in rice and KAR in Indicll1 seils. Soils hc,:vi:lc 

high i: BCk and 10\'11 vC';lu,~ s arE: not respo nsi ve toE. 

Ghosh ond Ghosh: 1976) reported tllc,i;: 12bile pool. I.e 

had hig~l corre12tion \vith K uptnke by plants. Narayanan l'jambiar 

2S quotod by Rc,m2..l1athan and L.rj_s~:nnmoorthy .~ 1978) found thnt th,.:. 

red s')ils had lo\v PBCk value than the: b18cl~ soils 2end VJc.S 
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highly correlat ed to wo..t or soluble K 8.nc1 cxcho..ngo2.nle K. 

Ramakris~mayya and Cho..tt erjec: _ 1976) found that the ARk 
e and 

1\.° v21ue were hi~hcr and J?OC
k v8.1u.:s lmJer in red soils tllan 

b12ck soils. Therefore red soils are more likely to respond to L 

applic2:cion. Sen Gupt8. and Das ,,1975) determined rECk of some 

soils of ':.rest Bengal 2nd Assam from Q/I r::.lc.ticnship [~nd observed 

that smectite dominant soj_ls have high f'BCk fol oVJed by illite 

811d kaolinite? dominant soils. I-andr, \ 1978) quoted th2,t FBCk 

values ranged from 15.9 to 67.6 for laterite soils of Tamilnadu, 

wherec.s for Orissa soils it \Jas 35.7 and for laterite soils of 

( mr:',_ -1 aOg) 1'11/ Tl ,~. Keraln it was 46 to 129.0 \ -c -

Le Roux and Sumner -, 1969; found a high correlat ion beti'vccn 

l:'BCk 2nd C~~C of the soil and Fernandez et nl (1975) observed a 

glo se relat ion between PBCk and labile? K. Bradfield:: 1972~ found 

a good correlat ion between various pnr2ITle?ters of Q/I curve? and 

plant gro"Jth char[~cteristics. The total labile K content (KL> 

has becn found to be more: in the s(']_l rich in orgc-lDic matt er 8.S 

compnred to the?se poor in organic mntter content. It appe[TS 

that I~L valuo is also govern ~d by the: organic matt er cont ent. It 

is fl1-rthcr support ed by tho foct th2t the correlat ion 

co offici ents between LL value 8.nc' upt2ke OJ: K and dry m2tt er 

yield of' t't-1C plnnt is significant. Th -, DCk " BCk 1 e r.u ana J-, vn ue 

been fou~1d to be low in the hilly soils ~I!laji, 1980). Arnold, 

( 1962 j report d th2t the free? en er~: y :,: - ~ F) values above 

4000 ce,.ls/mo le is the def:c. cien~y level of L. The correlation 

co efii ciem betvJeen LJ.. F 8.nd upt 2ke of K 8.nd dry matt er yield 

of the "inole plant e,re fm;.nd to be h.lghly nece.tive and signific2..Ylt 

at 1 per cent level. In Delhi soils the free enersy Vii.'S above 



·~32-

-2000 cals/eq (Bandhyopadhy, 1976). PECk (me/1OJg) eN/Lt,'i' as 

report2d by different workers are 4.7 ~ 180 for some Tobacco 

grOi'ILlg soils in India (Ramakrishnayya and Chatterjee g 1'076)~ 

6.2 to 15.8 for soils of N agaland (Ghosh and Ghosh, 1976) ~ 17 olj·6 -:;c 

305.81:":; for soils of Ghana (Acquaye~ 1973)~17 .. 111 for uncropp,xl 

Cunadian soils (Acquaye~ $it MacLean~ 1966) and 18.,67 in some 

Himachal Pradesh soils (Suresh, 1979). PBCk values in black 
!VT 

soil VJaS found to be more (85.5 to 13500 me/100g)- "/L - On5 \vh(;n 

compared to red soils (4.7 to 20.6) Rama1(.rishnayya and Chatterj-..;c 

1976) o.nd in N agaland soils (Ghosh and Ghosh9 1976) ~ it was in 

,the ra11ge of 6.2 to 15.8 me/100g (E/L) 005. 

Rao (1977) reported that PBCk values varied from 1.18 t'J 

13.71 me/100g (M/L)~ and \-'aDe relatively 10\iv in the kaolinite 

domina.'1t soils. The actlvity ratio in seil solution Wc.s found 

to be a function of concentration of K in soil solution, the 

exchangeable K content of the soil and percentage K solution. 

This observation supported the findings that A§K of soil \"ic'.S 

closely related with concentration of K in the saturation 

extract (Acquaye, 1973) exchange;able K content :, Le Roux and 

Sumner, 1968). Koch et al ': 1970) while 'ltJorking on Oxisols havo 

shown th2t pool of labile K is a good index of the amount 

available to corn. It is superior as a cr~terion to both 

the equilibrium activity ratio and exchangeable K. 

noss (1967) observed that A§¥~ (initial K activity r2tio,! 

value; \v8S 'i'Jell correlated VJith K uptake and labile K was a 

useful index of ul t imat e K upt ake over a gro\ving season and 
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Mackenzie (1968) while working on Quibic soils repcrted that 

crop growth dj_d not change the PBCk of two selected soils which 

indicated that quantity/intensity relation regulatc'd the rele[~s.:: 

of K although the activity ratio \'lClS greatly reduced. Le Roux 

and Sumner (1968) observed thect Q/,! studies on soil samples 

taken after various periods of plant growth could illustrate 

how the pool of labile K and equilibrium activity ratio 

decreased as increasing amounts of K vvere taken up by the 

p lc:lJlt s. 

The literature reviewed in this section is evident that 

QUantity/Intensity relationships have been employeC,. to obtain 

a cle2T picture of soil K availability. At present such 

information is altogether lacking for the soils of Kashmir. 
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.J. . 

u ntinu , ti cn r: i pl ,inc oi th - Fun j ,::b ·.pr r c-c h i:l f r O,'1 

c _untry no i~ ~;tr ,; tc h (~ vii tl1 nu rx r cu s ullies . The L: V -' r ," .: 

b . .C:,u,t .c_I ,"\~ i]),y" )~.cl:.i.:m 

This rc~ i on i s compri sed of tw o parts ( u) Eds t ern 

divi;.3 i on b ~' lcn ,- in i t u outorT'l 0st hills b ,,, tv,,:: on rivErs Ruv i 

"n c ChC'ilJb . T'l('c.c h iJ l s r i se fr :-:, the pL ,i ns ~n(1 c ont i nue 

t he pl ,li n s . T!K's8 hill s .n o t ll i ckly \J cedsd b c y:m ( ,-,lom': r 

.... n C F.eu.8 i . 

c . 

Thi s r ' i .)n i , L .c- lt 2C b _ t l"CC '1 t ):' Clut e r hill s ~n(' 

;h rt hc. rn b'u nclJ ry "'.1' t he: F '. i -n i " 1',,-,(: UP oi h c L f ty 

,~ un t ~ in~ cut i n t o by r_vin~~ ~ r l ivi C:J by n ,. rI C~ 

,ll __ v I - , , l ,·v,. ti rr, f 
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c. 

~b ,w f t h e 3n(' .. l i ne i nt CJ p.'_,k s ~i P'·' IP~· tu . l .'m "w. T ~12 r c. _.I2 

f ~r ['1 in .· the n c· rt h -·,,,.; t o rn b c rd" r " f th e v •. lJe y . 

v,~1icl, h i 46 00 tl, 7000 r t (: rs h i h . B, y cn c' t h i c; r~n c. . t' 1:- T.. 

lU.l1c' r l v'." , t .. ti 11 . TI' . lti tu ( furt l:, r ri s s ti11 t hL' 

, h 
- .. -

t ope J !')! Y i s ru (· c' _.n e' the [Y Du l t i en ;,p_. r .~.c: . 

3 . 1 02 CE r.. t c - --_. -
Th.::· cli n.tt: " l ttw c t .t c v .. ri ".:; fE '.· ,rc tic c ~ l d i n 

tr-.ct " r i ' J·~:-1:-u . K :3hnir v ~ llc y i s . !l0 \, ,,v c r. f r c'::' f r L'''! 

·':· t I'''r:'' . '1 (' 11 .. '; _. t ,,'r:p" l' .t , .. m; _ .lubri cu s cli n .d e . lli r i n ' 

f r c.c zin ~\ i nt . r'ue', "]1: \. i . J ls ·, t tl'c ll i :1 r ., lti tU (2 . 

in J un e (' r July . T ile' t c. t.1 l"T . ci :Jit lt i cn i s L'c: iv ~c Curi n . 

t ,lC 3 {'utl1-

t " R .. c- l' ll t' .· 1~ ' :,·" rt lj"r., .,o,t . I n t'" 1) 11 "r ( ,. " Ij'" l' r t "' l' , . , _ i .' _ .! _ . L:. . ,,_. '. , , , .; 

~v c: r '- v .. ri i' fre:] 76 c n t c 38 C i .n e1 i ;:; c.b ·:ut 1 1lJ e: f> , 
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J drlnU ci :::; trict (T",b1 c 1) . I-J L' rr ,--, l r.'",n r'~ i1y TlClx i :Ju r:1 ",nc 

(; c 
!'i n i l1u r- L 'JPC h1tUIl i s 19 . 83 C _]"Jt' 6.3C r c.: pc c t iv E: 1y. 

T~bl~ 1 ; Thc c1inc tic fcu tur lS . f t he v .. r Lus zcnes of J ·'!.nu 
._nd K,.!shr i r (l-' 2~r. v c.! lue:;, . 

,nnu .• l 
TC-:D 
(O c.::;) 

.. ~ .... - --. . • _ O--,,",L _ _ _ .~. ~ _-. . , --
1 . Subtr cpi cc.1 

(J -,f.1:'1U p1 ins, 
24 . 5 

2 . Subtropic" l 
tcrl!lr~r:.: t c 
tr .. nsi ti r l1 20 . 0 
(J .!'T:U hilly 

r i on 
:0(,- TO I L , nC!1 , 
Jell) .nnu r) 

3. L r. pc. r .to: 13.9 
'y I" \ , .. 31!· ~r 

V'lley; 

4 . C ryo3ic-~ni. cl 3.CJ 
(L.lC1J kh ') 

Annu"",l 
r ' inf .. 11 
( I'm ) 

-. .. - -~~. 

1460 

1171 

721 

72 

,-,nnu~l 

PsT 
(nr' ) 

(~).ir,~-,ti.£ .1:1, c, .:~ . , . 
'[h~ r:' _1 ,1;' l. ric 

-'" 
._,_ .. .. --.; .... - ~ ... , . 

1,)76 l<~,., ,-,,·- t lk r r ic Lr~' 
!-iur i c' 

1732 I'~L.S,:t:1;~ r r-:ic Iry 
;:u· ic 

1453 i c r '- - I.r:' 
t· ;~ r Mic 

512 Cry ,,, ic J~~: i c.: 

...... - ......... . ~--~---.~-~-- .~- .. -.--.~ ~.- .. ~- . -.. - ... - .~ .- .- .. - .... -.. ~ ..... - . 

... .. -~ : .~ ... , ..... -~ - ... . 

L C i v _ t he r ,i n1 .).1 . Tt\.. 

di ·tr itu t i -n rf Ictini .]1 viz . ... vi;. t h,. prcii1 c " it '.' i :::; iv:::r. 
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i':)76 1:.177 197c.: 197Q 
Loc aU.U:'1 NOI'lJl;3.:1. 

rainfa.Ll 
'No :6-r-'rot'i\i l~-o· ."o·i TC' t 01 

rainy r a i nfall 
d&ys 

No':-o"F 'rot'a1'- L 0' . ' 'o'f ' , Yet" al-
rainy r aj.ni all rainy rain:."c ll 

6sys 
rainy rainfall 

days c: c..y s 
. ~-- -' ... -~-~.-- --~ - ~ - ~~ ~--, --_ ... .. .. - -- . .. - . -.. . . "'---- . . ~ - . . .......... -.- .......... , . . ........ 

Srinagar 
( Shalimi)l" ':; 658 . 9 
Ganderbal 6h2.3 
\ l\lunal', 

Son b.,~larb 

Bud·"'f ;:.,nl 
(1\. 3 . fa.cm: 

An cu 1tn2.g 
'.1\ hu dw a;:ii : 

F ahalt,.am 
( L [. rnoo~ 

Hand w 2xa 

Gulrj~ E..r::! 

So [Zam 
( Chanclig"".l, 

1815 . 4 
5(34 . 9 

663. 0 

1052 . 0 

PUl'.I;;;;lQ 61 1. 2 
,:r\. oil~ 
l' a1I1l:ore, 
p ad F:[l(n~)o:: Q) 

BaralliL,l a 955 . 3 
• r [l " 

\.J. ",P el' , 

50 
68 

58 

51 

109 

68 

57 

8L 

23 

56 

51: 1 . 5 
762. 2 

865. 5 

916 . 0 

1235 . 0 

1070 . 9 

1006 . 8 

12S'0 . 2 

17u . 1 

632 .9 

43 
1+7 

50 
40 

40 

104 

57 
67 

74 

20 

45 

500 . 2 
562 . 2 

457 . 0 
1, 21. 3 

355 . 2 

1480. 1 

769 . 2 
99[) . 3 

1000 . 6 

12S . 1 

413 . 5 

43 
57 

75 
42 

50 

106 

7 ') 

60 

78 

36 

36 

5::>9 . 6 
6'15 . 9 

e71 . 5 
530 . 5 

L,·?O . O 

1752 . 0 

119:; . 4 
9'-·~' . 1 

110 5 .1 

404 . 4 

2;.6 . 4 

42 
5; 

7'0 
5:) 

Lf 3 

60 

25 
66 

66 

3lf 

56 

........ .. -----~ .. _-_ .... _-- . - .... ~ -- -- .-. .-...--- ... - ------ ... ~ . . ----_ ..... --- . - . .... 
.. The words in t he brackets indj.c;:-ee nearest pr ofile locat ions . 

Source" Statist , cal Digest Dir " ctDrpte of ste.tj,stics f'nd Evalu8.ticn 
J &L Govern ment, Srin agsr . 

535.5 
742 . 9 

736 . 2 
If '.J 3.0 

4~·{5 . u 

1166 . 2 

340 . 0 

1082 .1 

'JI< 5. 0 

285 .9 

Lf 3G . 9 
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T: ble 3: Mb~n mr'ximum r'nd m .. nn minimurn t"mp",r-oture nt Srinagnr. 
Unit: Degr~~s Centigrnde 

-- .. _. __ .. --------_.-.-.-._. -_. ------- - -----~ 
~1onth Unit 
-------.----~.--.~--,.--

J:'nunry Mel)n 
Me~:n 

Febru" ry 1-1eon 
Neon 

Morch Meon 
Me~n 

April Neon 
Me~\D 

l"loy Mean 
M0~ n 

June Meon 
!<leon 

- cTuly Me~n 
Me[ln 

August }leon 
M20n 

September Menn 
Meon 

Octo ber Meon 
Menn 

November f'ler>n 
Mt!'1n 

December Mean 
Meon 

!<Iinimum 
Mr'ximum 

Minimum 
Mf'ximum 

Minimum 
Mr'ximum 

Minimum 
M~ximum 

~hnimum 
Ml'ximum 

Hinimum 
Maximum 
~linimum 
Mr'ximum 

Minimum 
Moximum 

Minimum 
Maximum 

Minimum 
Maximum 

Minimum 
Moximum 

Minimum 
Moximum 

1976 

2.09 
8.5 

1. 2 
6.6 

2. 1 
12.6 

6. c 
2::\ C 

9.6 
26.0 

12.9 
29.1 

17.7 
37.7 

14.8 
30.6 

, 1. 5 
27. 1 

6.6 
21. C 

1:'.6 
15.6 

1.8 
9.2 

1977 

1. 5 
6.4 

8.7 
19.5 

9.2 
19.7 

1(\ 6 
23.8 

15.6 
29.6 
19.8 
31,3 

17.7 
29.8 

13.2 
28. (, 

7.5 
23.0 

3. 1 
16. 1 

8.7 
6.5 

1978 

2.0 
5 .. 8 

0.3 
8.2 

3.0 
12. 1 

7.2 
21.2 

11.7 
27.5 

17. 1 
32.5 
19.3 
29.6 

18.5 
30,5 

5.1 
28.4 

2.3 
26.6 

2.3 
12,7 

2.8 
11.4 

.-----~------.. -------
SourCe Meterologicrl Centre SrinDgor. 

1979 
----_._ .. 

2.8 
6.8 

0/0 0 
9.5 

2.4 
13.3 

9.2 
22.9 

9.4 
21.9 

14.9 
30,2 

18.7 
32,4 

16.8 
1 C. 6 

11 .1 
26.6 

6.9 
24.1 

3.6 
14.2 

O~1 
7.9 



C["'lP -,5S onc c£ th e fin~:3t ,kv cJ(lrr'·~nt,:; {~ f str., t i fi oc' r e ck:;. 

TIK crYGL~ l1inc r:wt _mcr,Jh i c r.~ck· , ' n i :;."es _,nc :Jc:ii st::: 

,~,ccupy v3rv l.r~c ,lrc'c,o; in K"s'1."1ir t c tl1J? n·~.rt'l e f ('ut " y 

Hir' ._ L ·Y-1'<. T:1C (nds ;;,'::;:.tre n ·t ::.e Jl '0.1 , ych::.,n _._ but .--c. 

r': intrus iv ~ o r i ·-' in, I.:lic h ' .• ,ve inv ...lC"_d Y'.'e ks ~ t v .ri,~us 

. 0(' 1 - ic _ l per i ods ( "~c'i,l ~951) . '1'11= s. Ci r:.cn't._, ry prc·-{; c:'.:l'l: i -": 

r ' eks eO:lSi~;tin of 31~t ,'s . phyllites "nc' :.> chists u. Te .~ r.tc J' 

b('C' c'c'c
' 

Idth zinc s t rnc::; 'JH~ £1- , Y CJWlrtzi; c:: . F"ssj.liicr'1:; 

P ::: l eozoic r ock:; (If IC~hDir <,ceupy ('l·.n; .. t e:c' ',,1 1i;:>s 8 sh~pc(': 

p,.tch~ '" in th e nc·rtl! d _lluv i ,"J_ p,- rt. r f the IC::;hl"i ir v~ l1cy, 

,; t r c tc:1ilF frer Nor t ll -,'c.s t t ~, thF 3cuth· ·Sa:..;t "nc :'f the· lC3:,"j ,,' 

,,_·di '·(,ll t e, ry b l .. ;in :F.uy Sh .u('hur i ct ~l 196"3; . Reck,; of the. 

r~nj"l v elc "iie 3('r i e':; r'~ i nly fcunc en th E'. n · rth ,-, .. s tc:m 

';l-,k-; '. f 2 i r F.:mj .. :" ~nc] ~n tlv:· ether s i d" 01 the J' lL lur:, 

cf,n.ji,~t C'i. Pyr')c ltJ.s tic ,s lc~ t c-.::: ~ ccn l ()r:.e:r ... \ t ,:-s L..i1cJ.J. Jor:""' r.tic 

prociucts . The Tri.Js [3 ic sy:3tc!~ i ~' LDr2sent"o by" s) ric=s ~f 

1L :1t blue li'le .:;tr.no , ::; l ',t r ''' , s.ncJ-·[] t eoYl"!; .!le doJ.c 1'1it c[; , 

Thc 'i.::: ll c y ::,L K .. 3hni r is L·.!,_lluviun f i l l ed t .• s in , 

.1 :L.r rc P<'lrt ct .,hie'! i J cJ r~'c::nt fnnc:: ti ' n by the riV ,- T 

Jh e lw' ( llc' i --: 1961 ) . i10E th·..!)] !1~1£ ,i it ~ H_", i s c .t cu.-i~d 

by ( i:otinctJy , l eer y i.1]Juv iur· , \", i C:l iOYi,~3 fJ,.tt ;~"·unr1.'i '. r 

nl~t£-r,'13 sJcpin ',\~y [ r o'~ the hi 11 nount~ins th ~t b:rc'LY til(' 

\)0.)1 Y C :~l -_ 11 ~) i CL;j . r~ ~~_ -: (leo ~it J 1 0c .1Jy kn' \ n ~,'3 ~: .Y .. :\'L':~ 

·': rc Plci[;t---c...:·nc c r p'.".::it ? licccnc ckp,'., it ;:; u.~C1 ,y e C C'f1t)o'.:; ~c~ ".:i. 

f i n ~ iJ.ty cL.y ; vlith 8.1:1" ..J.\1C b r u l (' ery r v:l . T) , ,- '1.'" 

b Jn h 1(1 t ,-· b _ the :;urv ivin. Y;:"c'1~:-n,~ -:': c·'.p"" i t :; c'f ~ 1. ,lee. 

wh ic h ('!lC e f ill :c' the v~J l"y b~c; ir, . 



3 . 1 . 4 

Th e: st~te f crr.s ..l ty.c!1s iti cll .. ,1 r ~ i C:1 of c:iv.:?r~L 

1 '· , . d' C -, ( c. r~r \ ,_ rl J zcn( 'f Tib "t, t:1U .3 th ~ v e' _ t .t i rn d t he ~t .t, 

(But e:_, fr~nr'r:sQ); PhU]li (hc1ci ", r ecl,cs t _. ); ':;,c ti ( CJ.cti S"'." 
... -~.~ -- . -. , ~---. . . ..... . - .. ~.~-~~~ .. ----

The chir pine: (.':)ll_U.f: .r.oxb,u.r~i.hi.i; (ccu :'i e-.; the: zcrH' i r. 

b:tv,.c:1 750: t c 1 200 r' ~, ltitu C:c . '!.'h i e. i s ]':;11;\'12('. i n 

i xc( 2' ir Zd1E '.llC 

'3 i r ch (Be.tll.l.~) zr nc . Thi 3 C OV.·1":: .\J titll r'n .. l zone upt o ::;::'52 :1 . 

O'.: k ( Ol!.c.r.suE.) P..lhu (E..:.r.i.c.t.i_~ ) r:v. in bct\.~ c:n 1675 r: ~;H; 

3. 1 .5 

Th0 cc ~n(~r y n£ tho nt.tc i ~ l ~r cly r I. ri .J;} . r ' , l C ...... f 

net ~r·.J Ull r\, r cuJtiv .. ti ( n i n 199.0- 31 \..s 714000 h .. lC t_y ,.s ._'1(~ 
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3. 1 . 6 

_,Hitur:" f 1800 t<- 2500 f'l s ty tcll i n- i r 1'1 lC-reV, .. f r er:l_n~ 

cn~ _~C b r ~crin f erests ~n th t he r . These ~ r~ h2~VY 

t;..turcc's i1s , pH Lnc r _J1y r--n cs f YOrl 6 . 0 t ~ 6 .5 un c' ~lrt 

f r' fc.rtUity. 

ii. Y:_,)}.ey _b_c.§jll ! ·· Thes h-,v~ ycsuJt cc' fr ol" ulluv iurJ 

cC'pvs i t ee' fr Gm rlc; j ' r riv e rs like Jh l. lum, I n Cus unc: t heir 

tribut •. ri;;s . Th(:sc lie c:. t c1n Lt1tituCl: f Clbe-ut 1500 t u 

1600 r-: . Nr;s t f thes" 5cils c. r e pocrly r'r,. i ncd . 

tc T'1::·r',e r .~ te1y e rc )('c d bi, t ... ble l une's protruC:in ' out of the 

m0unt .:: ins ;,nc usu,-, l l y b o rc1c rin -:; slope_ s of mount. -i ns . These 

.) re. l "-'cus trim: C2POS i t s , l ee , tee; v, i t hi n ,"n _1 ti tu c)e of 

1650 tr 1800 1'1 .. n d CIte rc: l ,tiv c·ly l e ss f e rtil e th,.n the' hi {)1 

~ 1titUc'8 s eils. 

3 .2 

3 . 2 . 1 

Sril pr :f i1 cs v~ r ~ ~P(SE' .t i, urtcn Ci _f crent 

y, ny s 'n t t iv s i t,:, i n r' i ff L r nt - _,nLS (I t fJ.: K :sh, i r v llcy 

L •. • 5 pr'f i, c" i n hi !llltitu('. zenc; 5 pr f iles i n v 118Y 

t " -.i'. '.j r ,,~ i] I'UI"'> I un' L l tllC l in. In -,l J 60 iJ 
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~lsc cc,ll r ct eC f r Gm t hEse r lc :s fe r ,' r cen hou se stu~i[s . ThE 

s' i ] s moles c c ]h'ct ·c' IJeye p r CC0SSE:C' ':nc1 st( r 2(" in pclyt hcn2 

tr: . c'l i 8V' the ·~ bj e ct i v. s :. lY e .. l·y ru tJinn' . J:he I HC_(Ur s 

L .lb r ,t ory s t ur'ie s 
. -- . . . ~'.- , .- . ~ . ..--

~ut by f o lJ o~ in thE Int~rn .ti :n_ l Fip€tt e ret hnc _s 2utli~~0 

by f'L pC' r ( 1966 ). Ths t v tur - :L t h,,, 5 .['l,. l os I " s c>mput2c' f ycr. 

t l:c t e · tur ~.J '. i -. r .. m -[ t11 2 U3IA ,S, il Tc.;{,:nc"y 1975 , . 

in 1 .2 .5 so i l ~,t: r susp~ns i~n l it h the help ci Lxvn(_C 

systr-n i cs pH ~ctCY 

i1. C.,lc iu"1 c .rb n.te:· It . ,S _. - . .. . -- --~~ 

tit r ti r n ~cth"r' usin :7 ' rm _l Hel .. 5 c'cscr i b.:cJ by Pi De n 1?G6i . 

iii. 

fi e h r r', , t ", ,nr' :< ulohuric .c i c' s i VL n by Pi pe r( 1966) . 

iv. Ttl n i trc 2n : - ~.st i "o ti n [tc t o. l ro i tr .. n '" S " (_ 
, • • ~~ ' 0 • • 

v • ru..: \, S 

and co lcur ':Jas d ev,~lo ;J cd by affiL.on ium fllol:'bdate and StC:ikOIJS 
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chloride. The percentage transmittance I'las measured with 

the help of spectronic-20 ~pL'ctrophotometer at 660 mu waVe 

length (Olsen ot al (1954). 

vi. Availab.l.e_-2.Qj: assi um:. The available potassium was 

extracted \1ith 1N NH40AC (pH 7.0) and determination was carried 

oc;t with the help of EEC f1i:lme photometer (J::lCj{SOn 1967). 

vii. Cation .exchange capacity (CEe.) and exchangeab.Le_cations 

oat ions; CEC ,vas determiLed by Schollenberger's method of 

leaching t'-,e soil ~Iith normal NH40Ac and determining 

am:nonical nitrogen by distillation (Pipa 1966). The 

exchangeable calcium and magn(:sium wel.'e determined by versen2tc 

method fron; i'lH40AC extract with EllA titration method using 

ammonium purpurate and crichrome black (T) indicators as 

described by Black (1965). Potassium was -estimated from 

NH40AG extract flame photometricclly usitg syst~onics flame 

photomet"r. 

3.2.2.3 ?o~tj1ss~1.l.m dd ermination 

The soil s<lmples and th,:. fractions of selected. soil 

samples were analysed for different forms of K as f;er the 

procedurc~ 

1. Total K: It,.(is (stina ted by digesting the soil VJith 

]-iF and BCI048S outlined by JacKson (1967). 

2. Fixed K L 1NHN0 3 sol:u~~" lD..: Estimation wes cerI'ied 

out by using boiling 1;mN03 as dGscribed by Hunter and Pratt 

( 1957) • 

3. HCl soluble K Wi'S estinlated by 

trEating t\12 soil samples with conc. BCl c's.· givcm by ?ipcr( 196(, 



-45-

4 . ~·jtPI s 01ub J c Dct _s sium; - I t w.s ~e t 2 r~in2d fr~~ .,- . - - . ~~ ~, . , .. '- ... _.- .-

1: 5 sc· il '" .t e r SUS[Jcnsi,~n ~f t ·~ r s:1.·oki n ,h e suspensiLn lor 

surf .e c s .. o.;les ",',s (>ne ,~s cutliikC' by J .eks crJ ( 1967) . 'ihe 

f l ' ~L ph~tcmctcr . 

6. l.LY-L·_I1_~J'y.:S .. Ls_:· PLint ,so.npl cs \-of'T': ( i , C'st",C:, i t h 

tri .ci ~ mi xture " n ~ th En ~n~lyse( f ~r t heir K e cn t ent ~ s . i ven 

by J. cksrn ( 1q 67; . 

Thl" inv c·.3t i .t i .ns r c l :.t u' t ,~ rl inE.r~L i e_ I pr -oc rt L cs 

r·f the so i l cc,r;J::;'ri scc r £ este r 'i ni n ' r i O_I Y _nr' cl .y ~in c r~ls 

i n f i ne s .nr' _nr' cJ .. y fr.et i ens . The m", tlL'G s US , · C' :[ ' r U",-

rutlincc' by BL ck( 1966 Fe'rt I ) \ S f · llowec'. Sn r· u :'1 ~ir 

s to c t . b ~u t 2" 10 r ~m s -I cl .y . 'Ph e seil w~ s tr~ tr~ with 

soc'i'.lf'1 ce t 'tc bui,Lcr sr lut i r n (pH 5.0, icr n.mcvin C.,CC
3 

.n ·: 

' ther snIt s . Or .ni c n~tt~r ~cs Ccs tr ~ y~L by th e u s~ ,i 

30 p2 r cent H20
2 

~n( frc~ i ren :~ i(os I(rc I'mcvLC by s0Ciufl 

b i c~rb n.t" - c i tr.t e' - c' ith i cn i tc· ( ~1 2hr , .. nr; cT .cks<.n 1960,. 

r;.-hc ci s.' rre _t i Cl1 k.S ~chic ' v cc' by uai n p OH ( 0 . 1 I"; .s 

' is[)cr" in "ent . T!,c v 'r io us s· p I.' tes \'.(' IF c 1 lcr:t (' .~ 



2 . 

The li h t .n e '1C".v y i r .cticns ,:1 0 __ n(] ", c r ' oiOp .reh;(' 

us i l" bLmcic r n with .3pC'ci:[ ic r . vi ty 0f 2 . 87 . T11_ ·.,", unt ci 

., r' by pl .c i n, i"\ or. i ns on til': s urf-.c c cf the l~ss ::;li(~0 

th: nr, :Lnc,,- .f (J Uf ,'r n t "r i r ' ry in ': r-l s \ . . .3 th ..:n i (\.:tLic( 

in t!l ::n,. pet l " s lic\. I.it!] tile !-". l pJf ~ ikk ... n (10ky ) , i cr :;c 0 

Cl . y s.rplls b~ rc subj ·c t ~. t c 

1. 

ii. X ' r~y r'HiT .c tLn 

·11( .1.\ .. 

r'. t " r' in (' by s ,tuh.tin th l-{ cl ys \. i th ;- ,;H4C "c 

s J lut'i on (?il0,-'r 1966 ). Sili c '.L':' ,_ t r , i noe' c J ·'r i· I., tYic.1Jy 

i '1 n ·tl-ct pr·p. rcC: by fus in t ho cl.ys \ith su iu . 

t .. , c 1 L1rin . :It . \:1 r·\. it , 1975 i n .. c..C u 1', . 
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IL n _siun Qn(' ,}nethe r p,ut \ i t h pot _:3S i UD us i n [' N- }1,::C1
2 

"nc' 

N- Ke l r r~pcot iV01y . Th~ t h ir c' D_r t of thcduy ~,IS nounted 

v,ithcut ~ny t E.'.tn::nt ( Bl .,ck 1S65 P. r t r) . The excess :3 .. lt s 

( Chlor i de i ons) ~erc r~~nved by 3-4 w,lshi n ,.s ~ itll J lco h ul 

VIC r e th n (ri cnt ec " n l ~ss: ,i orv sli d,~s fro" ;_ v,dtcr 

suspcns i cn at r COD t C'.'P,y_ tUE :::nc' ;, ·'r .• y Ciffr.:,c ti un p"t t c rn s 

veIC obt , i nE'd usin r Philips X:·hY ilffr - ctI:Jljc.ter \; i t h Cu .. ;< 

I .cli .~t i on , (G n i c:f'], t ,_r sc -l1':1inc sp_·ec nf 2 (1,·, Ices 2 Ojui nu tl, 
, 
J • 

". t td 1 h ~ ··(' t c 350°r' ... ~nc ~', 3"': ur _ C ;3 .... J1p (S 1v c r c . -....l r.. ..... ~ oJ ' 

-3 f o] 10v,s: 

~ . 
b . 

c . lyc ( ld", 0 

d. K S ,tuI , tc( ;.nd 

l- • 

Tn.1=. c'_I.PX.~t. i.t-p ~ cf, __ Y.-J.c y_ c:.VfJ:.'.<;:,tj..''l.U -i'·';:: 

Th(' i c' ,·n tifi c,.t i '·n J1 clly ni rlr.'I-J.E by Z R.lY 

Iiffr_cU.-n t c chniquc i s b s;'o nn th o Ii :1:1·ct i n ef :>>;, Y by 

the ch ' y,-,ct C I i s t ic _ t .. ic 1;1 t tier. p l~nc' 1 i t Li :l t'l. '·,in,- I ~l 

V lu < - , I f,' \ 
,-,) \ :1 I 
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G r ~cn h~ uso s tu di es 
• • _____ . .... _L •••• • --.......-~ 

T),2 bulk s i1 Be. -'p l c:; c' JJ ,~ ct _l: f r:1'l t i1,~ V . I i ~uS 

pLc. S fCI th - u p t .1(C ;3 tu ('Ls .r.c' t··· f i ne: thLiI r .' I..tLn y!it ;, 

Q/ l rUI~l.1c t c rs , ' ,,·,n:· pre c,·s:o;cr' .. n'-' pl ·~ ~' tic P')ts of 1. 5 ]C. 

c"T)~cit y ",,,Ie f i l l ,- d wi t :1 'DC 1: ·'i1. "liL- t (VL 421, ",:3 '-' 

IL 'rr .,n 1'c1 \. i thin ,,,,'c11 bh,ck Lur i n t hL ccurse (. f cxpcIi..1Lnt . 

r '-'nc' ." i zoc1 I. it h th n:'c F_plic ...i ti ' ns fc r c_ch scilo 

f1 nt!' r f ',(\, i n,) end 60 pDn F h ,S .,pp J.i r,,(~ i n t h.: f ·I !' 'i ure . 

...:nc' LAP rcspec tiv e ly . Tho K tI' c! t :1(nt c c ':!ls i stec' £ c,·n tr ,.l, 

200 .. !1(' 400 pp" K i n th· · f-rr~ -f ,--u ri 'l t L :·f ps t...lsh , Th~ dese 

cf K \·.,8 i i xcc1 _f t r ('etcH' i n i n th e K- f i x111<' CJp...l c ity "f t hc.SL 

sr ilc . The s rd w_s t I -ted ~ith c~pt_n in 1 :3000 r~ti . b 2f I~ 

.s:' i n i n - rce r t ,-· pIcLct the CI ':P fIn-' ~ny f un·. l - tt:s.c k . 

r _p ci ty lc'v r l ,: n ( v.e I C fI( qu '1tly h·":,'rl . .-i t Lr 60 d .. ys 

p. t \ .e r c t .:<:cn ~ut ~ lrn I!ith E' t s . 'i'hcy V!Lrt v! .sf}(,c' ' .. it h t -D 

,r'112y in r.._tc~ ri _ l dnc.' we r e tn ..... n s un t'r i C:l~ . Thl.:. rl,t c ri ,. l 

(,ch pC's t f r I L b or .t ' ry " n : l ys i s . 
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V,rL' u s tr ' .. t riC'll t C :,r; iJ in~ ti n ~ r :" . 

S , i J.s = 14 

R pl i c" ti n3 = 3 

Tn:. .tr 'L nts 

T t ] nu ~b T ' f p r t s = 126 . 
3 .2 . 4 Gu.-}":tJ.,tx/i.n t ~s,i_!x.-I~~,~~ u"'- 'lh-f 

(~~nt it y/ lnt~nsity To l ti ' nsh i p r f s o i l s W8 r c u~t irl . t ~ , 

by t h ' n:' t h0C~ iv cn by BLckctt(1 0 64 J ,b ) us in . t he f::: ll avJin 

50 1' 1 .liquet cf s oluti ,-ns , f ; : \~ l (1 0 - 4. 10- 3;" 1 _nc' C .C1
2 

(2'7 x 10- 3r-l) in 100 r.11 c n i e.l fl -l s!<s f c r 1 hUT . '::. h,c 11 S' : 5 

r 
~, c r ,. t h''' ~l ' 11 weel t , Ct . :l " · V . rr.i ~ : t Gtt 25 c: fer "quilib r .. ti ;) . 

r' -tcrr' i nc (' i n th f i lt c r ,_ t c f l .r'c P' l t co: tricu11y .-n e' C " .• n : r·l::: 

by c cnpl c xf'Qc tric titr .ti ~n wi t h E[r, ~: cc ' r i n ' t c p r ucc' ur2 

O'h t·· t t· · . - k) lc 1 t ' . t J .I. 2 ... ~C lVl Y r 1 '-' \. ..-1.'"'''1 V\ . S C,-, U '- cc. uS l n L ~:.-:" 

I.cbr 

The r qu .. t i r ns us e d: 

<,.k ck fk - ..... _. - . - ' ''-. x 
= o( ca + " ' I 1 f( e n + If . , 

= uctivity ( r ,( l s /L~ 

£, = C nc" ntr:. tic n ( r Ls/ll 

f = Activity c r0ffici ~ nt 
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The U/ I r 1.U ;1sll i p W'r .J f I.. un c: '::Jy pl tUn , K - tinst 

t" ,L c ncr iLnt \} .,lu Lc> f th,- 'ct i'Jity r .t h ( ilR R) ~likr·; 

S rrt i , n ~1 C des rpti n r ~ t C:3 _l rt.. Lqu" l ( !.· ·O) , \.IJ .... ·s bt.i nc (1 

curvi 1 in r p;:::-t 'i t hE: iJ / 1 curv 

the AR K a 0 line w_s t ~kcn ·J.s _. 'i,~ sure 

Th, t) t e'nt i..l b\iff"r i n' c,.p .. city '," ~ c .. l cuL.t c' •. , thee lin :n 

::; 1 "pc' t"L IJ / I . The f r e: l' ,-n ~ T Y cl1.lngc (b. F ) 1,,-,,'3 

cl)cul tEd by f r ll ',in thc I I I -t i n .3 ; 

,c a-RUn ,_'J.~ __ . 
:foe:::. 

.s.t.~ti~t iC.-:l .,:ro .ly:s.i.§ 

elK c'. t , v,-s -n .. 1ys ( :'it tistic 11y ,.S ut1in,-c' by 

ut fr r " iifLTLnt \) ri_blcs f I _I \} .nce. in th, .stu c'y 

( .:ir i c, L 1. 1961 ) . 



CHAPTER IV 

The experimental results pertaining to the study of 

pedogeneeis, mineralogy and pote ssiurn chemistry of soils 

collect,'d from various ,'ones of KaS"llnir are presented under 

the f~llowing heads: 

1. 

2. 

3. 

4.~ 

4. 1. 1 

Physico - chemical characteristics of soil 

Ninerelegy 

Pctaseiurn chemistry 

Ph;G'3 i<?2=:£l2~!!!. i ~ 1_E.£~:£' ~r.t.i~.L.c!..f._f;,qll 

t'!~cl1_a}1 1-.c.1::..1. _c_om:E..0~~ Esm 
The datA on the mechanical composition of the soil is 

presented in Table 4. The pa rticle size distrP.ution in 

various "oil profiles in respect of coarse send showed a slig:1t 

varintion in the t"I'ee 7ones. The coarse send fraction 

varied from 0.22 to 3.45,0.16 to 2.?2 and 0.10 to 1.52 

percent in hil'h altitude zone, V? lley basin and kere"a 

soils respectively. The values for wei:;,",ted everage of this 

frection varied from 0.38 to 2.2~·, 0.38 to 1.08 and 0,13 

to 0,97 per cent in high altitude ?one, valley basin and 

KarewR soils respectively. The distribution of coarse sand 

in the soil profi les in all the t',re<' '?ones wes by and large 

erratic and ,'laS slightly more inligh altitude soils than in 

the soils of the othet two ,ones. The fine sand fraction 

wried from 7.15 to 27.10, 1lJ.76 to 33.15 and 11.85 to 

2lJ.08 per cent in high altitude, valley boo"sin and K2rewa soils 
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T3ble 4: ~1" eh :tl1 ie d l ce. o"si ti ' l' 'f ;c;c i1.3 f r el diif c rent zelle:; 
C1 K3Sht~, i r 

__ -.' .~ . , . . _ . ... _ . _ ... , .•. ,' , J J?C?L.c.c.n.!. .c:n. '"'.i .r . . £U'. .. b.2:sJ.s . . _ ....... . 

[cot 11 :-!c r i - Con rsrr.' L IC' Silt 'l\: xture 
(e , ) , .' 7.on 

. ~ _ •. 0' , • . , __ -~ . r'_ . _ .. _. ..... ,_ _ .. - - --., _ . ..-~ _ - . ..-'- -- .-. - . ~ ~ .- ,-, • 

1 234 5 6 7 8 
__ .... ___ , _~ . _ .' ___ • ____ ' Le~'~ ~ • • • ~ ••.• _ ._~~ ~ • _ ••• -~ . ~ __ ~ ... _ ~. ~ _ • _ _ • n ' ~ 

Hi "!". " ltitU lC :3oil s 

0- 15 
15- 35 
35 - 50 
50-125 

125 ' 150 

Ap 1. 25 
B1 1.47 
1321 0 . 35 
B22t 0 . 22 
3221t O. 32 

',e i ' ~lt('d ,",ve r ,", c 0. 52 

L ;J E l c 0 -1 8 
1S-7C 
70-120 

120- 150 

C; "c\r''''r 0-20 
20,-GO 
6';-90 
,)0 -1 28 

12E-- 15 0 
ei htcc' ,"ver 

Gu1 ~~w r 0 - 20 
20··50 
5 0 -~) 

90- 150 

Ap 
31 
B2H 
:122t 

Ap 
13 1 
P2 1t 
=>22t 
32 3t 

-p 
1 1 
3 21t 
B22t 

') . 40 
(", . 30 
2 .75 
11 . 80 
0 .56 

0 .57 
0 . 52 
0 .33 
n .24 
C.27 
i ' . )8 

1 . 05 
1.21 
1. 8 4 
3 . 45 
2 . 25 

-', .'-1 r'i ell' 0-17 AT) '" • 4 7 
17-60 ~2 1t 2 . 61 
GO- 90 322t 2 . 17 
90- 150 B2? 1t 1.56 

r:? i 11 t f.~ C' 0.\) C r :J. G 2 .. 08 

U:u ("Vl,:n i 0 - 20 
20-40 
40- 7 0 
70--120 

120-150 

Ap 
3 1 
821t 
322t 
'2 3t 

o. 16 ~ 
0 . 42-
2 . 52 
1. 05 
0 . 75 
1. (IS 

Nun __ r " ··20 hP 1. 45 
20·-40 J2 1t 1 . 05 
4 0, ·75 i12 11t cl .65 
75 150 B22t a . 5E 

C? i Lted ·~v-r-' C' 0 . 77 

23 . 32 
2; . 05 
14.05 
12 . 50 
11 . 85 
15.03 

19 . 65 
15.45 

8 . ~' 5 
7 . 15 

12 . C9 

24.01 
23.56 
17.14 
8 . 62 
7.53 

15 .?O 

18 .42 
2 1.40 
17.01 
1 LI. 26 
16.97 

1 E. 12 
16.42 
1 r "6 t.) 0 c....; 

27 . 21 
21 . 01 

26 . 85 
33.15 
22 . 28 
17. c.2 
18 . 25 
22 . 07 

2£'.42 
27.56 
18 . 02 
19 . 21 
21.28 

47 .85 
L16. L15 
50 . 45 
48 . 50 
41).34 
L17.08 

41,08 
40 . b4 
L,';.. . 04 
41.05 
42 . 30. 

"36.4 2 
36.2') 
40 .26 
4('.1i) 
40 . 56 
,~ . 87 

51 .21 
50.48 
413 . 16 
46.23 
48.25 

50 . 12 
--: 1 . 25 
1,5.31 
:2 . 18 
42.30 

51. 85 
35. 70 
4 1 .35 
4f).1:5 
4"2. 05 
Ll l . 97 

40 . 28 
39 .17 
4 c-. 4 0 
41 .21 
41 . 32 

27 .65 
28 . 05 
:5 .03 
38 . 51 
45 . 20 
36,79 

3J.50 
43 . 45 
4c:. .44 
50 . 25 
42 .82 

~S .75 
::;') .15 
42.10 
50 .1 2 
5,.48 
'--.4 . 27 

26 .05 
27 .52 
34.72 
35012 
32 . 2b 

23 021 
29.42 
35 .21 
38 .42 
3LI . 04 

20 . 10 
2> . 85 
73 . 70 
40 . 45 
32 . 52 
34 . 58 

29.50 
~ .42 

36023 
';/:; . 10 
35 .77 

Cl~y l eal.' 
Clny leaL 
S i lly cluy L c, 
Silty el,--, y J-,Xl: 
Silt) cluy 
Silty cL,y l'~: 

j ilty 
2 i1ty 
Silty 
SiJt y 
:~ il ty 

cL,y l.·N~!­

c l ;-.... J 
C ] . ...J.~'t 

eLy 
el,]y 

C1. Y 1 02'-
C l L'<y 1 (.:.:-) 
Sil ty e l ei:! 
.3 i lty eldY 
.3il ty e Ly 
)i Jty e L :y 

Silt 
Silt 
Sil ty 
:'il ty 
Sil ty 

]. (':1; 

J '.il, 
e Ly 
c l,--,y 
e l~/ 

~ il t I,. G·­

Silt l(;,~ 

Sut y r. l ,"y J 
CL~' 1:- ,r 
C l,~y l eur 

Silt lr,.J.: __ 
Cl<-.j' l Cdj'"1. 

eLy 1~·~, 

::J ilty eLy J • 
';iHy eLy J, 
I;L. y 1 .,--

Cl.:. y J '-:or:. 
eLy 1 ,_ 
Silty cl.y 
Si lt y eLy 
Cl uj L ,-,:', 

1.,-- '-- I 

J.e 



1 2 3 4 

Shu lil-'"' I 0-1 5 
15 ·45 
45 90 
90- 150 

Ap L' . 45 
B21t 0 . 75 
B2 11t 0 . 85 
322t 0 . 60 

F:lc'" y p.:>r.lO-17 "f' 
17-·25 ''\ 1 
35' ·1 1 0 32 

'e i "-'~l t(?cl ,-,V"Ii..l e 

HCl!lG • .;. r:t 0 -17 Hp 
17-3531 
75·-85 B2 
85"150 B2 1 

-'·c i !! t c~d ",VQrd e 

0 . 69 

0 . 70 
0 . 62 
0 . 27 
0 .55 

0 .35 
0 . 78 
0 .34 
0 . 3 1 
i) . 38 
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5 

20 , 42 
28 . 25 
1G . 26 
1.1, . 76 
19 . 67 

25 .81 
1'::> . 21 
110 . 55 
2C . 04 

16.52 
18 . 42 
17· -97 
16.9 1 
17.40 

i\Jrc\ J :Jel l :. 

0-15 
1535 
'i5·60 
60· ·')0 
90-150 

!I D 

B1 
!J21t 

1.52 
1.08 
1.25 
o . c)1 

0 . 72 
0 .97 

h . =.F\ .. r~, 0-16 f'l: 0 . 27 
16·_ cq 31 ° .1 (' 
~'--47 ~~ 't ~ .' 2 
47--97 J 211t () . 1 0 
97- 1)0322t : .1 0 

e i -Il t ed ._"~rA c ~ . 13 

L,· -ere 0-20 'p 0 . 1.0 
:::-C· ·6(' :32 1t 0 . 39 
6- - -5 '3211t - . l 0 
85-150 92?t 0 .1 0 

0 i t.t0C ~v~ru-e 1 .21 

r)-?O 'r 
?' -50 3 1 
<;0" [5 .321t 
25" 150 1?2t 

. c: i litt:- ( _~/('>y;} 0 

C.25 
(1 . 62 
r

'
.48 

'j . 57 

.. _.,,_. ---- . ........ -~~ - - .. ~ -

22.45 
17.26 
15.86 
1S . 20 
11 . 85 
15,,56 

24 . 08 
22 .56 
.2 '\ .L,e 
15 " 28 
11 .88 
16.40 

20 . 51 
20 . L.2 
17. 02 
14.42 
17.39 

., ? 81 
21 . 05 
L.65 
17.16 
1(,,1 :) 

6 

52.28 
4 1. 41 
42 . 81 
41.25 
42.85 

52.21 
46 .1.2 
45.61 
47.1 3 

60.58 
57.21 
54 . 22 
5 1.72 
54 . 21 

46. 9 1 
48 . 21 
45 . 38 
L1\I.45 
41. 38 
113.32 

54 . 48 
52.C1 
47,(,2 
4?E5 
40.li, 
44 . 50 

51., 58 
50. LIO 
42 16 
40 . :::8 
44 . 80 

51 .1 8 
50.42 
45.12 
42 . 2G 
45.74 

7 

22.51 
2': .32 
37. 28 
4':< . 41 
36 .S2 

21.58 
32.42 
34.51 
31. 2 1 

22 . 58 
22 . 20 
26 ,81 
32.27 
2(; .14 

28.00 
32. 42 
36.32 
40 , 01 
45.20 
3>.25 

24 . 26 
24. 18 
:; 1 . 48 
39. 6 9 
36 43 
37 .65 

26 .41 
2( . 38 
3S, .42 
M.1e 
3'1 . 07 

23 . 8 1 
25.2 1 
:4.80 
-:r . C8 
33.27 

8 

Silt l c,,"r! 
Cl~y I J_::' 
.3ilty cL:; 
Silty el;}), 
Cl _;.y l ,)hi" 

O:: i It l CJc1 
o i lty cl,_'y l<,u .. 
3iltj' eLy l ci...! 

C l .q 1 .:· Dr 

,3 i It l 'xll" 
.'3i ] t ls,,1;' 
:) i It 1 :.V·1 

',ilty c l -y l ~_. 
."ilt l c_:-

C lJ '" 10.1:-' 
Sil ty cl.1)' 1 (_' 
3ilty cl -'Iy 
Jilty c L~/ 
.:i i lt clay 
--'lJty eLj' 

'OiJ t L:.,r, 
Silt J -:~r, 
Cl-y l e_,\:' 

1 ': L. 

l·:~.r-

J.·'cc. 

Si It Y c l c.:r L_:;' 
'>i lt y cl~y 
3i1 ty cl,-,-y 1 ,-,--

3i 1 t lc.1r. 
,3:i l t 1 '- d.~ 

-;llty _cl' y lo-m 
, ilty cl.-y 
~ iJ ':y c12Y ] c'-

) i ] t ] c.r 
."ilt Ie..!. 
,iJ ty c l "y 1 '- " 

0ilty cl-y 1 
,i Jty eLy). 
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respectively . Th e wei gh ted Evera ge value var i e d from 

11 . 89 to 21 . 01 , 17.~0 to 22 . 07, 15 . 5C to 19 . 19 per cent 

i n soi I s of high a 1 t i tude , va lley !of, sin and Kerewa zone 

r espectiv ely. The mBy i mum content of 27,21 per cent of 

f i ne s~nd W's observed i n Ch,mdigam soi l prof ile ( 90-1 50 c !;~) 

an d the t owest value of 7.15 per cent i n the L9rnoo (120 " 19~!l'J 

s oil profi le . The distribut ion o f f i n e so,nd frac.tion did not 

show much va riation t hough it ",'a s sli ghtly more in the soils 

f r om VI; lley biJ sin . 

The nm ount of silt vpried from 32 . 18 to 5'1 . 25 per 

cent 8t1d the weighted avera ge va lue s ','ar iec1 from 38 . 87 to 

~R . 25 pe r c ent i n s oil samples f-:-om high alt i t ude zone . In 

t'.e Willey basin i t \''' ried from '55.'((1 to 60. 58 per cent and 

the \"e i grted average vE:lues rar ged il'om 41. 32 to 54.21 per 

cent . In C8se of I(are\,}a so ils> sil t vari.ed from 40. 28 t o 

54 . ~8 per cent and the ,,' e i ght ed avc' ,'E"q e va lues ran ged from 

L1 3. 32 to ~5 . 74 per cent. The soils irom the v811ey bbs i n had 

8 hi' her cont ent of s ilt and a mo:nmu:n of 60.58 per oent via s 

o bserverJ i n the Handwa 18 . Q vi in Ie t "Ie Jr. i n imum 

of 35 . 70 pe r cent wes observed i n 'h ~owan i s oil profile 

(20-~ 0 cm ). The re W?s 1m i nconsist?n" trenc i n the amount 

of sil t frBction ','Hh 8n i nc r ec'se i n the de.~th of t~,e 

soi 1 p r of ile. 

The C18 Y fraction v8rterJ from 26. ()5 to 51o~8 , ;:>0, '10 

hi eh altitude 7one, vEl ley bflsin [1r'd ;-;e;rew8 sei ls, respec-c :i:'e ' , 
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The co r respcmd i ng vRlue:", for \'!eighted 5veraee s r anged 

from 32 . 28 to 44 . 27, 28. 14 to 36. 92 , and 33 . 27 to 39. 25 

per cent i n these soi l s : The clay fr8ction \)RS comparati'rely 

more i n the prof i les f r om high 2.Uitude 'ione ", i th 51 . 48 per 

cen t I· .S m8x i mum i n30nl'lma r g rr(lfile ( 128- 150 cm ) than i n 

the so i ls of othe r 70nes . In p'ener al the c l ay content 

i nc r e" sed rema r ke t ~ J "lith an inc rea se i n the de pth i n all 

th e s oil profi I ps . 

The predom i nant t exture of the so il s in hi gh altituce 

.. one r anged between silty clDY loa m and s i lty clay , in the 

v~, lle~' basin and }:2,re .... J8 soil px-ofi les benJe en s i lt 105m and 

,silty c12:" loam, shoVi i nt' the reby that the soils i n all the 

tIll et' ~ones ere heRvy textun'd vi t .] mor e finer p2rticles in 

the hi,h 8ltitud e soils . 

4 . 1. 2 Chem i c, 1 11ro.p'er j: i E'S 

Tl-je data on var i ous chemical properties are presente,j 

in T81:'1e 5. 

i. ,.'oil r eRct i on: - A perus:o.l (If the dFna i nd i cates a 

"li cht v8r i ation i n pi-' of soils i n the three 70nes . The 

pH ran1'E,d from 6 . 20 to 7 . 80 in the bi['11 altitude soils and 

vrlues fo r \'Ieigbt ed Rve r a e e var i ed from 6.38 to 7. 60. The 

prJ V(; lue of the so iL Is from wILey basin and 'Br eVia z.one variec 

frOD 7 . 3 to A.5 and 7. 4 to 8. 2 respectively . The i r 

con-esponding we i ghted CiverCige values varied f r om 7. 40 to 

". 3 7 Po!!d 7. 64 to 8 1 8. 
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content shov,ed a v8 ri at ion 

The c alc ium carbonate ( C8C0
3

) 

from 1. 0 to 3 ~5 , 0 . 5 to 10. 5 

8nd 1. 5 to 12 . 0 per cent i n the s oi Is of high altitude , 

wo;ll ey basi n and :,2re','8 70fle respectively, The weighted 

aVeI'8ges i n the s oi l s of r eSDecti ve 10n e r anged from 

1. 36 to 2 . 54 , 0 . 85 to 4 . BE and 2 . 31 to 8 . 73 per cent . The 

soils of the three 'ones 8re ge n erally calcareous a :id the 

;';? r e'W 6 so ils in p8rticu1a r had higher content of CaC0
3 

than 

those of other two 70n es . 

ii i. 9nwni<:, .. cBJ:b.2.11 : - Tr,e ore'::'nie c8rbon content val'iej 

from 0. 81 to 4 . 44 0. 80 to 1. 98 l;nd 0 . 22 to 1. 86 per c ent i n 

the h i fh alt i tud e , v"ll e y basin 8nd Kare\'a s oils respectively . 

The c orrespond i !.g weighted Ave r Bce v21ues in thes e zones 

ranged from 1. 3 7 to 2.89 , 1.1 0 to 1. 54 and 0. 47 to 1. 00 

per c ent . k hi.£'.he st content of 1+ . 44 per c ent organ i c ca rbon 

W?s recorded i n Culrnerg so il profile ( 0 - 20 cm) and the 

10v'cst ( 0 - .2? ) i n Pampore (85 -1 50 cm ). The sur face 

ho ri 70ns oi " 11 the profi les contained compa ra t i ve ly hi gh 

8r g" n i c carbon content wh i ch dec re8sed do~n th e p r ofile . Hi gh 

altitude soils h8d co mT''' rativel y hi gher <.: ontent of or ganic 

cf'rbon and the K reva so il.~ h8d th e l ov'est. 

iv . To.!~.1. I1it r..Q f.en..:. - TotE11 n i tro r en v'as highe r in the 

higi1 Dltitude soils than th!' soils of w.lley bas i n and 

K'lre',;p 70ne . The contp.n ts of tote; 1 n i troren Var ied f r om 

0. 05 to 0. 24 , 0. 05 to 0 . 16 pnd 0 . 02 to 0 . 12 per cent i n the 

h i {lh , Ui tude 70ne , v"lle:; basi n end l\ a r eVJa soils re spectively. 
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Table 5~ Chemica l com~osit i on of soils from different zones of Kashmir .. 

Location Depth 
(em ) 

pH 
.. . .. ---- ._--- - .. _ .... ---

Orga:1 i c Total N flva ilable Kg /h) •. 
Ca r bon 

(1: 2 . 5 ) ( ~:,) (%) (%) P205 K20 
~--------. - ---- ---- - .•.. --.------- . --_ .. _._._--_._-----
~ __ '" ___ . ___ .3. _. ' ~_ ... __ ~ .. __ . __ .s. _. 6 ____ y_~._.ii __ .... _ .. _ 

--(, 

0- 15 
15 -35 
35 - 50 
50-1 25 

125 - 150 
':.'ei ght e d a verage 

Larnoo 0- 18 
18-70 
70- 120 

1?0- 150 
We i ghted average 

Sonfma r g 0- 20 
20- 60 
60- 90 
90-1 28 

T 

128- 150 
We i ghted avera ge 

Gulmarg 
>-. 

0- 20 
20- 50 
50- 90 
90-1 ~0 

':"eighted average 

eha nd i gam 0 - 17 
17 - 60 
60- 90 
90-1 50 

'e i ghted avera ge 

"!'hudwan i 0- 20 
20- 40 
40 - 70 
70- 120 

120- 150 
· ... eighted a vera ge 

Nunar 0- 20 
20- 40 
40- 75 
75-150 

l-:eighted ave r a ge 

6 . 8 
6. 6 
7 . 0 
6.9 
7. 1 
6.9 

6 . 4 
6 . 8 
7. 1 
7.3 
6.9 

6. 9 
6. 7 
6 . 7 
6. 9 
7.0 
6.8 

6.4 
6. 4 
6. 2 
6 .5 
6 . 3 

7. 7 
7. 5 
7. 8 
7. 7 
7 . 6 

7. 4 
7 . 3 
7 . 4 
7.4 
7. 5 
7.4 

7. 9 
7 . 8 
7 . 7 
7.7 
7.7 

Hi gh Al t i tude soils 

2.0 
1. 5 
2. 5 
2.0 
1. 5 
1. 8 

1. 2 
1. 5 
1 . 5 
1. 0 
1. 4 

3. 5 
2. 5 
2. 0 
2. 0 
1 . 5 
2 . 2 

2.5 
2. 0 
1. 5 
2 . 0 
1. 9 

2 . 0 
2. 5 
3. 0 
2. 5 
2. 5 

Va lley 

2 . 0 
1.5 
1. 5 
1. 0 
1 0 
1. 3 

10. 5 
8. 0 
6. 0 
2. 0 
4 . 8 

2.31 
1:91 
1.65 
1. 12 
0. 99 
1. 37 

2 . 34 
1. 95 
0.98 
0. 81 
1. 44 

3. 93 
3. 69 
1. e6 
1. 52 
1.47 
2. 48 

4 . 44 
3.60 
3. 1+2 
1. 68 
2.89 

2. 55 
1 . 7~ 
1. 42 
1.06 
1. 50 

ba sin soils 

1. 92 
1.20 
1. 14 
0,86 
0,80 
1. 09 

1. 92 
1. 74 
1. 1 1 
0. 96 
1. 22 

0.'\.8 
0. 14 
0. 12 
0.06 
0. 05 
0.09 

0.1 8 
0.12 
0.07 
0 . 06 
0.1 0 

0,20 
0.1 9 
0.1 2 
0.09 
0.01 
O. 14 

O. 24 
0,21 
0. 19 
0, '12 
O. j 8 

0.20 
o. 14 
o. 13 
0. 09 
0.1 2 

0.16 
0. 10 
0. 09 
0.07 
0.06 
0. 09 

0,16 
0 . 13 
0, 09 
0.07 
0.09 

30.8 
25 . 7 
25.7 
23. 1 
15. 4 
23 . 2 

25 . 7 
23 . 1 
15,4 
14. 1 
19.0 

25.7 
15.4 
14 . 1 
23. 1 
15,4 
18.5 

38. 5 
0; 0.8 
23. 1 
20. 5 
25.7 

25 .7 
23. 1 
15. 4 
23. 1 
21.9 

30. 8 
25.7 
23.1 
15.4 
15.4 
20.4 

26.7 
12.0 
14. 1 
20,5 
19. '+ 

_ . \'7 

.:.. -!-' 
280 
291 
281 
261 
285 

296 
283 
291 
275 
285 

296 
229 
215 
283 
242 
251 

323 
296 
312 
258 
289 

3jO 
229 
269 
256 
257 

256 
237 
215 
175 
210 
209 

~;5 
<:02 
188 
256 
227 
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-- -~--~.~- . ~--. ------- .-- - -----
1 2 3 4 5 6 7 8 

. _-- . - - - ~ ,-._" . . " .. ~.-----~-- -.~---. -- -~-. ----- . 

(S~'2lima r 0- 15 7.5 0. 5 1. 98 O. 14 23 . 1 275 
15-45 7. 4 1. 5 1.65 O. 12 18. 0 283 
45 - 90 7. 4 1. 0 1. 28 0.09 15. 4 256 
90-1 50 7.4 0. 5 1. 20 0. 08 15. 4 22 1 

I'leighted average 7. 4 0. 8 1. 39 o. 10 16.7 249 

Padgampora 0- 17 8. 5 5. 5 1. 81 O. 12 15. 4 242 
17-85 8 . 4 5. 0 1. 62 0. 10 15 . 4 229 
85 -110 8. 2 4. 0 1. ~ 4 o. C8 18. 0 256 

lie i ghted avera ge 8.3 4. 8 1. 54 0. 10 16 . 0 237 

Handwara 0- 17 7. 5 2. 0 1. 44 o. 10 25 . 7 229 , 17-35 7. 7 1. 5 1. 23 0. 10 23 . 1 188 
35 - 85 7.8 2.0 1.20 0. 09 15. 4 173 
85-150 8. 0 2. 0 0. 90 0. 05 14 . 1 242 

lieighted average 7. 8 1. 94 1. 10 0. 08 16.9 211 

Ka rewa soils 

Tapa r 0- 15 7. 5 2. 0 1. 8 6 0. 12 30. 8 229 
,.. 15 -35 7. 4 2. 5 0. 92 0: 09 25 .7 202 
I 35-60 7,.. 6 3 . 5 0. 82 0. 07 18. 0 188 

60- 90 7. 6 3. 0 0. 68 0. 06 18. 0 215 
90- 150 7 . 8 1. 5 0. 50 0,04 25 . 7 256 

Wei ghted average 7. 6 2. 3 0. 78 0. 06 23 . 4 226 

K. D. Fa rm 0-16 7.6 1. 5 1. 74 0. 10 25. 7 283 
16-31 7.6 1. 5 1. 08 0. 08 25. 7 256 
31 -47 7. 8 3. 5 1. 01 0. 07 23. 1 220 
47 -97 7.8 6 . 0 0. 89 0. 06 15.4 237 
97 - 150 7. 8 8. 0 0. 87 0 ,05 15. 4 242 

We i ghted aver ege 7. 7 5. 5 1. 00 O. C6 18 . 3 244 

Pam;;.) re 0- 20 7. 6 3. 5 0. 89 0. 06 28. 2 256 
20 - 60 7. 8 6. 5 u. 66 o. 05 23 . 1 229 
60- 85 7 . 7 8. 0 0. 39 0. 03 15. 4 188 
85- 150 8 . 0 12. 0 0, 22 0. 02 14 . 1 167 

Weighted average 7. 8 8. 7 0. 45 0.04 18.6 199 

"i\o il 0-20 8. 1 4. 0 0. 91 0. 05 19. 2 215 
20- 50 8. 2 3. 7 0. 68 0. 04 15 . 4 202 
50- 85 8. 2 8. 5 0. 45 0. 03 15 . 4 175 
85 -1 50 8. 2 8. 0 0. 26 0. 02 14 . 1 188 

ivdghted [Iveroge 8. 10 6 . 7 0. 47 0. 03 15 . 3 191 

---.------ ----. - --- - - "-' •. - -
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TlJe correspond in g ~!eighted avercge v21ues r2ngec f r om 0. 09 to 

ll . 18, 0 . r8 to 0. 10 pnd 0 . 03 to (l. w pe r cent . The soi l s i r, 

t',leO'e cones d i f, ered i n r eSpEct of the nitr ogen cont ent . The 

diE,tribution of n i t r ogen i r the soi l pr of i les of the three 

-ones d epicted a decre~sin f trend wi th en i nc r eEse i n the 

dep+;'1of the prof i l('" th'" surfEce lE yers conta i ning 

comp8 r" tive l y h i ,her ~, i tr'ogen conT-ent . 

(?205 ) content v8r ied f r om 14 . 1 to 38. 5 • 14. 1 to 3 0. 8 and 

1LI,l to 28 . 2 i(g / h i n h i gh :-;1 titud e valley bFl sin and Kc; rev!a 

soils respectively. The ve,lt,e" fo r \,' ei ghted 2Ver8[eS r angej 

.' D - t 2- 7 6 0 t "0 4 d 1 ': . 3 to 27, . 4 "g/ h l' n .t r am In. :> a :J., 1 . OL . "io::' ~" , 

'li,-n al ti tude Ton e, vc ll e~' bFlsin 8nd Kc reVI8 soils r espe ctivelJ" 

"m ic h sho', ed gener" lly decref-s i nR t reCld daVin t he p r ofile . The 

fe-tility stc,tus of the soil in resjJect of t: e availab l e 

vi. c::.vai>,'-J ", _p£,t.?,s..l}. ' - The con eClts of ov&ilEll:le po t2sh 

(I~"O ) var ied f rom 215 to 323 . 173 to 283 ane 167 to 283 k'::/h 
L 

in the hirl-] a ltitude, v'lley bE sin end!:arevla so ils respective lj 

The correspondi r.,? vl ei r;ht ed "''Ie"c.,''e va l ues r8nged from 

251 to ?8". 209 t o 249 a"d 191 to 244 kclh . 'The '1 i fh altitudes 

~oils co:~t,,:i. : , ~ ~ relctiv ply hie-he r amount of 8vc;ilable ;\/" 

?he h i fher K
2

0 conte::t of 3 <'3 kg/h vias observed in the 

surfAco so ils of i. (\ hE- l Ea rn nnd GulmE' r g fallinp i n the h i ['h 

The fertility st' ,tuB of !?vciJ. ~'.tl" K2 0 mny 

be r~tt>d [1' .'; mod iUI:1 t o high. 
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4.13 ~a_ tJ_on __ exc.~an.B.e .c_apa.C:J:~Y .aJ1Q._eac~p.n.Re.a ble ...E§!..t.i o~. 

The results for cation exchange c8pacity (CEC) and 

exchangeAble cations are presented in Table 6. 

It is observed from the data thElt CEC varied from 

21.08 to 30.80 me/100g in the high altitude soils &nd the 

'<Jei!('.ted 8verRge v81ues vaT ied from 22.49 to 28.98 me/100 g. 

The CEC ,in the v'" lley ba sin ranged from 15.30 to 22.95 me /1 OOg 

and their 1r'eighted average vAlues ranged from 15.80 to 22.31 

me/100g '<J:-ereas in the K8re1N8 soils it v8ried from 14.50 to 

23.50 me/100g and the v:clue for v.'eighted E,verage rfmged 

from 15.0·1 to 20.14 me/100g. The highest v81ue of CEC 

(30.80 me/100g) w&s recorded in Gulmarg profile (0-20 cm) 

v.·hth h8d higher conte-nt 0: org8!1ic carbon and a fairly good 

8mount of clay. The lo,":est value of 14.50 me/100g was 

observed in the sub-soil of Koil ;Jrofile (50-150 em). The 

high pititude soils exhibited a higher value ofCEC than the 

soils from remFining ~ones. the K"rewa soils h8d the lowest 

c2tion exchanee c8pacity. The lower hori~o!1s indicated 

generally higher CEe becBure of t"le tendency (,f the clay 

particIeE' to increase 1r'ith the increase in depth, 

The content of uchcngeable calcium was found 

to b" uneven ly distributed in the soils of throe regir)ns. 

It vw ied from 11.85 to 18.95, 8.03 to '14.90 and 7.95 to 

14.98 me/100g soil in the high altitude, valley basin and 

K!'Irewa soils l'ljepectively. The corresponding values of 

,,'eig11ted ",verage varied from 1~. ,,0 to 15.S5, 8.87 to 13.0'+ 

8nd 8.38 tQ 12.48 me/100 g soil, The highest value of 
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T~,ble 6 Cetion t=xchC'nge cophci ty (CEC) ond 8xchongenble 
ce, tions of soi ls from difl,-,rent zon(:s of Kashmir. 

(me/1 OOg) 

Locntion Deoth CEC Exchnngeoble 
~ (em) C;;·-·-··· .. ··-r1·~· .. ··--·-K---·· 

...... , ....... - .. 4o __ •••••• , • " ........... 0. ___ , •• ..-_ •• ~, _,"" •• ,,~, •• __ , .... _'. ' .. -0 , •••••• _. ~_---. __ ..... .., 

1 . .. . . . . .....•.. 2. .. .. . ,., .• ,. ? .. ".. . .... . . . 4._ ........... _ ? .... _ ... . .. 6 •... '~"" _ •. 

PohrlgEim 0-15 
15-35 
35-50 
50-125 

125"150 
Weighted c'veroge 

0-18 
18-70 
70-120 

120-150 
lle ighted ov"rE' ge 

Sonnmo:rg 0-20 
20-60 
60-90 
90-120 

120-.150 
\veighted 2vernge 

C:ulmr>rg 0-20 
20-50 
50-90 
90-150 

'Jeighted [·vurr· ge 

ChrndigGm 0-17 
17-60 
60-90 
90-150 

"jeiLhted 2v"r" ge 

~ :Zhud,,!!"ni 0-20 
20-40 
40-70 
70-105 

105-150 
teight"d 2vern g<= 

High Altitud" soils 

22.50 
21.08 
22.40 
25.52 
27.21 
24.59 

21.08 
22.45 
23.08 
22.46 
22.1: 9 

23.30 
2?58 
21.50 
23.48 
2[1. 01 
22.92 

30.80 
28.15 
29.80 
28.25 
28.98 

25.00 
23.50 
24.50 
24.00 
24.07 

14.60 
12.95 
13 81 
16.48 
16.92 
15.52 

14.64 
14.611 
15.30 
16.01 
15. 13 

12.45 
12 .45 
11.85 
12.05 
13.71 
12.50 

18.95 
17.46 
17.46 
13.24 
15.95 

'15.42 
13.18 
15.72 
15.90 
15.02 

5.39 
4.85 
5.62 
5.62 
6.41 
5.62 

6.07 
6.41 
7.01 
5. 21 
6.32 

B.02 
7.95 
7.08 
8.41 
8.82 
2.05 

9.91 
9.45 
9.45 
9.85 
9.51 

7.85 
8.01 
8.01 
7 .. 35 
7.72 

V-·118Y brsin soils 

20.28 
19.46 
17.50 
16.89 
20.50 
18.89 

14.55 
14.90 
12.42 
11.85 
12.91 
13.04 

4.50 
4,01 
LI.36 
3.85 
6.82 
4.95 

contd ....... 

0.81 
0.62 
0.71 
0.85 
0.91 
0.81 

0.53 
0.49 
0.42 
0.48 
0.46 

0.43 
0.42 
0.28 
0.28 
0.39 
0.36 

0.81 
0.72 
0.E2 
0.72 
0.70 

0.35 
0.32 
0.30 
0.30 
0.31 

0.26 
0.31 
0.21 
0.28 
0.17 
0.23 
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__ • .. _ ._ • .. _ .... .... . ... ... " .• " ~_ . ~ __ ,.~ •. - _ . . a._ ~_ . •••. • . ____ ... , . • .. ~ __ .• -~ " . • -- -- -- -

1 2 

Pun'1 r 0- 20 
20~0 
Y 0- 75 
75 -1 50 

r ei " hted :::ver8 8e 

'0[1' limr'r 0 - 15 
1 ~, -'-l5 
Y5 - 90 
90-1 50 

'" "ighted over8ge 

P'JdgC'mporo 0 -17 
17-85 
85-·11 0 

.c:ighted 8vLr ['gc. 

0-1 7 
17 - 3 5 
35 -85 
85- 150 

, eig:lted ~Vcrf' ge 

Tnpn r 0-1 5 
15-35 
35 -60 
60-90 
90- 150 

' cig1ltc:d ,,:,vc:r i1FE: 

0-1 6 
16- 31 
3 , - '-l 7 
L; 7-97 
'0'7- 15 0 

:eignted [lv"re'g e 

P~m)Qre 0- 20 
20- 60 
60-85 
85-150 

',o il 0- 20 
20- 50 
5 ()-85 
85 150 

'r<;irchted ['vc:r~r,e 

3 4 5 6 
... . - -- . - - .. - .. ~ - .. - - . - - . --' . , . -~-- _.' .. - -- -

18. 90 
19. 58 
20. 4 1 
20 . 41 
20. 09 

20. 50 
21 . 00 
22. 95 
22 . 95 
22 . 31 

16. 75 
15 . 75 
15. 30 
15 80 

20 . 30 
21 . 85 
22 . 35 
18 . 85 
20. 54 

10. 58 
12 . 41 
11. 90 
12.05 
11 . 86 

12 . 46 
11. 95 
11. 95 
12. 08 
1?05 

9 . 56 
9 . 01 
8 . 03 
8.87 

11 . 08 
11 . 95 
12. 11 
13 . 31 
12.'-l9 

K3reWD so ils 

19. 52 
18 . 42 
:::1 . 85 
20. 42 
20 . 02 
20 . 14 

19 . 70 
18. 08 
19 . 70 
19. 70 
20.30 
19 . 75 

23.50 
19 . 00 
20. 85 
19 . 00 
19 . 90 

15. OJ 
16. 75 
1/~ . 50 
1Y.50 
15. 01 

12 . 55 
10. 81 
1J.81 
1;:; . 98 
12. 23 
12. '-l8 

12. Y6 
10. 81 
10. y~, 
11 . 53 
12. OS 
11. 62 

14. 98 
12 .05 
12 . 81 
11 . 75 
12. 43 

0. 56 
9 . 01 
§.56 
7.95 
8. 38 

6 . Y5 
6 CO 
7. Y2 
7. 12 
6. 95 

7 . 01 
7 . 45 
8 . 05 
7. y5 
7 . 58 

5.82 
5.82 
6. 05 
5.87 

7.81 
6 . 12 
6, 72 
5. 73 
6. 34 

5. 21 
6 . Y'-l 
5. 85 
6 . 41 
6 . 41 
6. 20 

6. 02 
6. 15 
6. 15 
6 . Y5 
" 62 
6. O'!. 

6. 12 
5. 81 
6 . 48 
6. 12 
6.09 

I~ . 58 
5.81 
5 . Of 
Y. 05 
Y. 69 

0. 30 
0. 33 
0. 3 5 
O. Y1 
0. 37 

0. 35 
0. 42 
0. 37 
0. 43 
O. YO 

0. 39 
0. 35 
o. '-l 1 
0 . 36 

0. 25 
0. 21 
0. 35 
O. LI1 
0. 3'-l 

0 . 51 
0. 41 
0. 33 
0. 45 
0. 32 
0. 38 

0. 62 
0. 59 
0. 50 
0. 58 
0 . 42 
0. 52 

0. 55 
0. 51 
0. 61 
O. y2 
0. 49 

0 . 29 
0. 28 
0. 21 
0. 21 
0 . 23 
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18.95 me/100g wes observed in Gulmargsoil. (0-20 em) and 

the lO"Jest va lue of 7.95 me/100g was found in the Koil 

profile (85-150 cm). The e,chanfeablc Ca was the dominant 

cption pre E:nt in all the three '"ones and high "ltitude 

soi Is he, d compant i vely higher content of exchangeable Ca • . 
The exctlangea ble Ng content ranged from 4.85 to 9.91, 

3.85 tD 8.05 2,nd 4.05 to 6.48 me/100g in the hi[.h altitude 

zone, valley b2sin and Karewa soils res;')ectively. The 

corresonding vplues for 1,'eighted avereges ranged from 

5.62 to 9 51 3.85 to 8.05 and 4.05 to 6,48 me/100g soil. 

The am<)unt of e"changeable Mg was higher in the high 

8ltitude soils tha n in the seils from other two zones. 

The Gulmarg ,rofile contained the high'r content of 

eychangeable Me with its weighted ave:age value as 9.51 

me/100g. The distribution of eychangeeb'e ~g was erratic 

in almost all the soil profiles. 

The con': en ts of exchange", ble K ranged from 0.28 to 

0.?1, 0.17 to 0.43 8nd '--',21 to 0.62 me/100g in high altitude, 

va 11ey br sin end Kerewa soi Is respecti vely, end their 

corresponding values of weighted average ranged from 0.31 

to 0,81 0.23 to 0.40 and 0.23 to 0.52 me/100g. The 

iligbest content (0,81 me/'IOOf!) \lAS observed in Pahalgam 

(O-1~' crn) end the 10"lest (0-21 me/100g) was recorded 

in I'hudl.!8ni, T-Iandwara eng l\oi1 profile s8mples. 'l'he 

€ychengeeble K wps hlgher in high sltitude 30il and the 

valley soils rod the lo",'e3t, E:xch'ngG~blc' c:: w~,::,' found 

to tc th", domin"nt c:'tiDn follol'cd by M:' nd K in t:w soils 

studied. 
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4 . 2 ~j.ner81.0gi_c21 .§.tudie~ 

Minera log ice. l c nmpositi on of the selected so i l 

sF,mples W1lS studied fo r " rim<>ry 1lnd c lay mi ner1lls and the 

results ere pre s ented i n Table 7 . 

i.J . 2 . 1 

soils cont2ined 96 to 9B per cent lieht minerals and 2 to 4-

per cent he3 vy miner", ls . Gener lllly t he pe rcenta ge of 

he <'l vier mi ner Al s vms found t o be slight ly mor e in lower 

hor i 70)1 s . The import 8n t i'e1ltu:' e s of these miner1l1s as 

observed un der microscope are described be lol' 

1 . guart7: - The fine send fr"ction from high alt i tude 

70ne conte i ned Qua rt z as the dominant ligh t Dl i ne r a l 

constitut i ng )5 to 63 per cent , the vElley bas i n soils 

cont>'ined 45 to 55 per cent a nd the Karev}a soils i.J3 to 55 

per cent . i=etro l' rephic study reVH3 1ed that quort ? gra i ns 

were h?8vi l y 5tH ined 1lnd vJere sub r ound ed to sub"-an gu l ar 

shaped ', i1;h st~ ined i nc l usi ons . Fre sh rounded g r 8 i ns 

of ~u2rt- v'e r e ob se r ve d in L1lrn-o 1lTId ~'ahe lga m soil. The 

Gu lm1l r g so il had r eliOt ively his;her content of "uart - . ThEe 

Culm" r f. soi l hEd relatively hi gber content of quartz. The 

s am - l e from f_oi 1 Fm d Pam~ore ha d lower cont ent of que rtz, 

i i. l:'e l dsp8 r.:. - Feldsp8rs ( orthoclase c;nel plagioclasE:) 

'." ere observed to be rect1l11 pular to r. l ety :i.n sl1Ep e 3nd li ght 

gr ey to y e l l owi sh co lou red. 7te plagi0clase gra i ns were 

irregu 18:' to p laty and of di f] erent cc,::'ours. The contents 

of feldso"'r v8 ried from 18 to 2L. per cent, '15 to 20 pe r Cell'; 
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thne~' alog ical composition of fine sand fract i on of so ils 
from d ifferent zones 0 f Kashillir. 

Location( --- Light mi nerals 
Depth ( em ) 

HeavY mineral s 

.1_ .2. ___ _ 

Pahal gam 
( 0- 1S ) 

Larnoo 
( 0- 18 ) 

Sonamarg 
(0-20 ) 

Gulmarg 
( 0- 20 ) 

Gulmarg 
(90-150) 

Chandigam 
( 0-17) 

Khudwani 
( 0- 20) 

Nunar 
( 0-20) 

Nunar 
( 75- 1S0) 

Shalimar 
( 0-IS) 

High altitude soil s 

Quart z (60) f eldspar ( 20) Opaque minerals ( 2S) bioti t e(9 ) 
Musccvite ( 10) kaolin (S) zircon ( 8 ) chlorit e ( 6) 

augite (S) ilmenite (S) 

Quurtz ( 63) feldspar f 22) 
mus covite (8) kaolin (4) 

Quartz (6G) feldspar ( 2 1) 
muscovite (10) 
kaolin (5) 

Quartz (63) feldspar 
muscov.l. te ( 7) kaol i n 

~ 24) 
4) 

Quart z (62) f eldspar ( 21) 
muscovite ( 7) kaolin (3) 

tourmaline (4) . 

OlJaque mi nerals (2S) b i ot i te( , ~ 
zircon ( 9) chlorite (6) 
augite (6) garnet (S) 
hL rnbl ende ( 5) 

Opaque mi neral s (25) biotite( 10 ; 
ctlorite ( 5 ) z i rcon (7) 
hcrnblende (S) magnet ite (3) 

Opaque mi nerals (25) biotite( 10) 
':ourmelin e (7) zircon ( 6) 
lJIagnetite (4) garnet (4) 
augite (4) . 

Op aque minerals (24) zircon ( 1e; 
b iot ite (8 ) chlorite (6) 
t ourmeline (8) i lmenite (5) 
Rutile ( S) . 

Quartz (S5) plageofeldspe.r Opaque min erals (2S) biotite( 10; 
( 18) musc ov l te ( 8 ) chlorit e (8) tourmeline ( 8) 
kaolin (4) aug i te (6) . 

Valle y basi n soils 

Quartz (55) altered C[J &que minerals ( 20 ) bioti~ c('j l; 
plagioclase and orthoclase clJlorite (7) tOUl"meline (6 ) 
( 20 ) !lILlsc ovit e (7) kao1.in ilmenite (5) zircon (5) . 
( 4) • 

Quartz ( 55) feldspar ( 19) 
muscovite ( 8) Kao lin ( L..) 

Quartz (S3) f eldspar ( IS) 
muscovit e (7) Kaolin ( 2 ) • 

Quartz (5S) feldspar ( 18) 
muscovite (8) kaol in ( 2) 

Opaque mi nerals (21) 
b i otite ( ..... j chlorite ( 3 ) 
ilm 2nite (S) hornbl end0 (3) 
zircon (3) . 

Opaque minerals ( 20 ) bio c it ~ ~ , ' 
chlorit e (7) garn et ( S) 
zircon (4) hornblend e ( 2) . 
0p:lClue minerals ( 20) biotite( 11) 
clllorit e ( 7) toumeline ( 6) 
augit e (51 garnet ( 5) . 

contd ••• . 



-66-

Table contd •.• 

3 --- . - - - ---""~--~ 

Fadgampora Ouartz (45) feldspar (12) 
(0-17) muscovite (7) kaolin (5) 

Handwara Quartz (50) feldspar (20) 
(0-17) muscovite (7) kaolin (5) 

Tapar 
( 0-15) 

K.D. Farm 
( 0-16) 

P nmpore 
( 0-20) 

P ampore 
(85-150 ) 

K ar ew a so,ili 

Quartz (55) feldspar (21) 
muscoVite (10) kaolin (5) 

QUartz (51) feldspar (19) 
muscovite (8) kaolin (6) 

Quartz (45) feldspar (18) 
muscovite (8) kaolin (7). 

QUartz (50) feldspar (15) 
muscovite (10) kaolin (8) 

Koil ';-" Quartz (43) feldspar (14\ 
(0-20) ___ muscovite (10) kaolin (7~. 

Opaque minerals (20) biotite(12) 
tourmeline (7) chlorite (7) 
augite (5) hornblende (3). 
Opaque r.,inerals (18) biotite( 13 
~hlorite ~8) augite (6) 
garnet (4) ilmenit e (4). 

Opaque minerals (16) biotite(10) 
chlorite (6) augite (5) 
ilmenite (4) hornblende (2). 

0iJaquc minerals (16) biotite( 10) 
chlorito ( 6) augite (6) 
zircon (6) hornblende (2). 

Opaque minerals (17) biotitd8) 
ilmenite (6) augi to (5) 
chlorite (5) zircon (4). 
Opaque minerals (16) biotite: (9) 
augite (6) garnet (5) 
chlorite (5) hornblende (3). 
Opaque minerals (15) bioti teeS) 
chlorite (5) augite (4) 
Umenit e (4) magnetite (2).. _ .. _ 

.--.- ------'--------------------
(Figures in brackets indicate approximntcj porcentage) . 

..... , -. 
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f'nd f r om 14 to 21 per cent ill hi"h altitude soil , valley 

besin ."nd j"p I'ewJ soil :: I'espeoti ve l y . Lam ' 0 and Gulmarg 

sC'm - le e i n the hL gh altitude 70ne had relatively higt1er 

oont en t and the Ko i 1 sample from !(b rewa zone had the lowes t 

content of feldc;pa r . 

iii .. l-1uscovi te : - Muscovi te mi ca gra i ns were present -- -.. -.~-.-

"s thin pl'-ty fl,.,kes Pond ~ler 9 mostly coloured . The 

rjistribution of muscovite W',S more or le ss uniform in all the 

so i ls und er inve ~tigation and variea from 7 to 10 per cent . 

The other light minerC'l c present include !,ao lin and microcline 

which wars found in varying proport i on in these soils . 

Amongst the heavy mine~~ ~E , biotite ~howin g li ght 

bro· n to d8rk bI'O',:n ;i th cleave d f1-·ke.'3 Vii'S present in a ll 

It e"Ubited red st8i~s in "Filley bosin samp le s 

h · h ld 1 b tt ' 'd t · f .• + + W lC cou Dos2 i b y e due 0 .1e OXl a lon 0 ce Its 

content v8ried f rom 8 to '13 per cene i n all these soils . 

A\,ri.tr> 8n(~ !~Q mblende precent, VJere derk b l ac), to dark gr een 

in c~ lour ~nd hFd irregular to rr ismatic s~ape . They 

contrLJUted 5 to 15 per cent th(, heavy mir,e r al present i n 

these s-'m'J le s . C; lorite grc<ins . ere present to the tune of 

5- 8 pe r cent and ',e re co loured 8r;d rounded . Thl? ot~eI' heavy 

mineN 10' included E'i'I'net . i l ;nen i te, m9€neti te tourm<:line &~d 

7iI'c on . The cont ent of opaq ue minerFls W'S slight l y hi,;he r 

i n all the soi l s pnd v2ried fr o'll 15 to 25 pel' cent . 
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Cl ay mi n e r a l !; v'ere ide:·.t i fi ed on tile basi s of 
" 

che mi c" l en"lysis and X -F,p y d i iirc ct i en . 

4 , 2 . 2 .1 E:!:lY .0,co -chemic3_1_ ,.a.rJ..~si.E~. :- The data (TE ble 8 ) 

indi c8tes tha~C of h i ('h Alti tu de soi l clays va r i ed f r om 

36. 42 to 44 . 8 1 i n val~yb" sin fr0!lll 28,36 to 36 . 42 and i n 

;{a r e\,'I' Foil Cl8 yS f r om 26 . 40 t r, 36. 48 me/ 100g . T~;c -.: EC 

w ,~ more for the h i 8h ",· ltit ude ,'Ooj. l clays th,m i n the valley 

100g ). The CEC 01" s oil Cl3 YS,o L these soi l s tended to 

" p r o~ ch those of illi te Rnd c l. l.c r ite v'hich h2ve the CEC 

v'i th i n th i s r a nge . 

','lJe 5i Uic, ' content ( 3i 02 ) v,~!' ied f ro m 42 . 48 to 

46 . 52, 41 . 6L to li4 . 80 <lnd 41 . 46 t o 1+6,52 p er cent i 1! s oi l 

cl" ,,' s f r om h i gh Fl lt it ude ?one, v".l1::y 1y s i n 8nd / a r ew& so i l s 

rec'C'e t i ve l y . The si licf' conter. t d i d not e xhi.b i t ,my mc rkea 

vPJ i[l t i or; i n t he se so ils . The T"e')O~ content vari ed f r om 
L :J 

~1 . 92 to 14 .Lf2 , 12 . 62 to 16 . 2:5 <no 11.94 to 1B·-42 per cent 

re ~;pecti ve l y . The hi gh,-' cont c,r:t of 1S. 42 pe r cent "18S 

r pco r d ed i n t he L D. ""," !'m I',:: d tjoe lowe "t (11 . 92 per cent) 

in La r noo so i l c l pys . 'i' he A1
2

C' 3 contf'nt w Jr i ed f r om 

20. 26 to ?2. 42 , 21 . 48 to 2/, . 4 2 and 22 , 6 0 to 25 . 8;': pe r cent 

i n t he Go i l c l "ys of h i ; h 11 1t i tud E: 70), e , v,,", l le), b2s i n pLd 

KF le,,'" 70ne r e "pect i v e l y . The K2 'J content varie d ir' om 

3 36 to :- . 76 , 3. 35 to 5 . 52 wd 3.83 to 6 . 48 pe r cent i n hi gh 
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T[lble I.J fhy~;ico " c:ll?micLtl 1.ne.lysi s of clay (2u) s~>.mples 0.[ ::oi.ls l.l'Jr:l 
diff2rent 20 :"25 of KE.shmir . ,-- --- - ... . , -- .. , - . . ----~-. -~- '-' --- . , .. - . . ---- ... ''' ' -~MOLAR H),"fTo'S ~- -- . .. -

CEC :;; iCZ 1'e207, .I ... L.,O.,. Rp_ KzO si""rr;/.,,--p-::-· SiC7"'z/"AYC7"'3" --Al. O., ':Lo 
l1le /1 00g ~%) ' ,' -' '( <..J . , )J ",' .J.. Z 2.J".:! 

1 -2 ___ '2 4 ;0) ~"I ~J _. '1 ') .. _ ~. _ _ 
Location 

P aha1" ali! 
( 0 --1 5, 
Larnoo 
( 0·-10 
So nCiI!' 3l-';!, 
( 0-20, 
Gulm8J'C 
( 0- 20, 
Gu l.w 'Jr. '. 
( 90-.J!..1Q.~ 
Chand l. '} 8Jj( 
( 0-17, 

i-. hu d 'l; an i 
(0- 20, 
i"unar 
( 0-20) 
Nunar 
(75-1 50) 
Shalimar 
(0-1 5 ; 
Padt.'&CipOra 
(0 - 1"1 

tlA8.!l..Al t~ tude ,sg ils 

41., . 81 42 . 1.:0 13 . 08 

[fO . 42 

38 . 90 

42 . 52 

3t . 46 

36 . /12 

1+4 . 20 11 . 92 

4 3 . 08 11.: . 42 

Llb . 52 13 . 90 

46 . 52 13.90 

1+4 . 58 13 . 08 

Y,alle,y' ba,si 11 s,Sl i 1s 

30 . 46 43 . 08 12.62 

2 1. 85 

22 . L~2 

22 . 112 

21 .40 

20. ~'G 

2\.: . 00 

24 . /IG 

311. 93 

?}I . 54 

:)6 . 84 

3'.5 . 30 

~.I4 .. 16 

3) . 88 

:)? • 10 

32 . 38 41 . 66 15 . 80 23 . 96 )9 . 76 

30 . G2 43. 60 16 . 25 23 . 42 3J . 67 

36 . 42 44 . 00 14,80 22 . 82 37 . 61 

28 . 36 44 . 50 14 . 05 21 . /18 :'5 . 51 

5 . 28 

:1 . 84 

5 . 76 

4.56 

3 . 36 

3 . G4 

5 . 52 

II . LI2 

3. G4 

3 . 35 

3 . 84 

2 . 6 

2. 5 

2 . 3 

" ,­(' . • 0 

2 . 7 

:' . 6 

;:> . 2 

2.:: 
2 . 1 

2 . LI 

2.5 

9 10 ____ -'-

':"' . :3 

) . 3 
-,f ..... 

'/''-

3 . 7 

::;.9 

3 . 7 

3 . 0 

2 . ~ 

:: .0 
~' . II 

-;,: c;, 
~ • ..1 

COl1"~J ......... 

3 . 9 

5 . 5 

3. 6 

4 . 3 

::: .5 
5 . 0 

h . O 

5. 0 

6. (, 

S. :J 

5 . 2 
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T nbh co _,ttl •••• 

~ • •• - ~_. _ _ _ ._~~ •• __ ~_~ __ • • _ • .-0 • .. •• ~ •• ~ • _ ••• • . _ _ , •• _ •••• .. •• • ••• • • _ • , • • • ~ • •••••••• " 

1 2 3 4 5 
-~.-.............-- ~ ... - -~ ~------~ ~ .~~~. - .---........ ~ - - . 

nandi-: ara 
(0·-17, 

Tapnr 
\0-1~, 
i. . D. Ferm 
( 0-1C:.i. 
P Rffipore 
( 0·· 20. 
0' affipOi-e 
(85- 15C 

Y. oi 1 
( 0 - 20 

34 . 90 43 . 82 

!~rewq __ ~oil.s 

32 . 60 46 . 52 

34 . 42 43 . 50 

36 . 43 41 . 46 

34 . 2 1 42 . 90 

26 . 40 42 . 64 

12.95 22 . 26 

11 . 94 25 . 26 

18 . Lf2 24 . ",0 

15 . Lf2 ;;>4 . 0':; 

15 . 60 25 . 88 

15 . 60 22 . 60 

6 7 

35 . 2 '1 - -' J "I-, _v 

37. 18 5 . 36 

43 . 22 - > J . LXJ 

3'> . Lf5 4 . 12 

lj·1 . 4S 5 . ~8 

38 . 20 4 . 32 

G . . , . . . . . . ... 

2 . 4 

") A 
~ . I 

J .. U 

2.e 
2 . 0 

2 . 2 

-- .. ~~~ . -- . ----~~~-----~ -.- .. ,,---.-.~--- -. -.- -. . ~. .. - . ... 
::i~ures ir, brac;,ets indicate, der,t i, in Cill . _ 

9 10 

3. 3 6 . G 

3. 1 4 . 3 

.:, . u 6 . 0 

2 . ~J r; ?( 
~ . ~ 

2 . 0 4.6 

3. 2 5 . I) 
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altituue, vc,llcy bus i n a nc kara ,-I <:t 30il clays , r s[H_ct ivLly . 

TIL Sc:lJl[JL.os f r om t he 101V l_ r hori.zon "L'VCc:1Ed 1 2s,':,:,cr 1\20 

cont ent i n case of Gulrn2,rg Gnd fiunar but t l,-, trer!d VIGS 

4 . 2 . 2 tlQ 1ar r at i .£§ 

The ma l nr ratios of 8i0 2 : RiJ 3' Si 0 2 : ;; 12°3 
uJCl 

A1203 : Kp we r e comput0,d fro m thL cle..y an alys i s aLt a 2nd 

~~}ic~:-=-scsqtlbx id c ::~t io~~ ~ : 1"2°3): Silic: nnd S~,o(juioxi," 

const i tut ed the mc:jor portion of soil fabr i c, The r;;ltio 

2 . 1 t o 2 ,9 i n v ol ley oasin c lc-.jS '.ne: f ro;. 2 . U to 

[J r c'ser,e e of i l .L it e: ;;.,j e hlorit _ mL-' erals. 

'? ") . 
L. . c... 1n 

r-t io v a r i ed fronl 3 . 2 to 3 . 9 , 2 . B to 3 . 5 3nd 2 . 8 to 3 . 2 

zon(; , r Lsp c et i v c ly . Higher " [, lu GS o f -S i 0 2/ A120 3 r eti a ( 3. 9 .' 

\'1::5 observ ed in hig.l alt itud,~ soil e1cSs (GulmC.<rg) . l'he 

silic[. - a lumi na ~'at io ind i c ate' the possible pr cs011c\c of 

illit C Gnd cll lor i t e . 

A_I Ll!!.Q,-,,11;.:2:.,.' _ -,p;;..o:...t;;..a=s",s ;::;iu=:;m;...,;;.r..,c,-"t;.;:i:..;:o:..::s " (UP3 

a lURina - [Jot:.ossium r at i o s v a riL d from 3. 5 to 5. 5, 

4 . 0 to 6 . 0 end 3.7 to 6 . 0 in high altitude , vDII ~y b~sin 
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and KarevJa soi l Chlys respecti vr,ly . The h i ghEe r v2 1ue of 

6 . 0 P'f; f~yh ibi ted by the s'mp l e:: f r om Nunar , Shr, lim:cr , 

~!~ndvora FLd :\ . D. F8J m m8V be ottri buted to the l:i gher content 

of finer pa rti c l es \' '1 i ch me I,e up 8bout 80 per cent elf the 

50 i 1 fa e r i c in these soi l s . The e l ey semples , 1::;: ' end l ar[(o 

con'Vined f 'irly l1 i eh0r cor.tnlt of K",0 , 
~ 

11'he pr c' " enc e of 

i'l ite is t,",-u" infer yeo i n the2e s"-mples . 

4 . 2 . 2, 3 i-r"'y. .. . <:lJfJ.r..:..~t iEll: - The i mqo r to!1t cl - sp' c i n s of 

di ffe rent c l ny miner~ l ~ 01:>t,' i ned f r om x -p' ~' difi r ..-,ctogromm0 

of c l ry s mp le s ."re pres nted in T..-bles 9 , 10 c.nd 11 . The 

diffr'ction p'ttern of these cloy s::-.mples nr e shmm in 

Fi r. .. 2 . 

Ti"]e soi l clrys fr oQ h~.;h [·ltitude 70ne sr]l)\'led f' 

strone reflection r,t 10. 04 t.o 10. 52Ao in fvig snturt.ed 3'"m;:;les , 

The I' lycol~ t ed srm-,le s :'Ihov,'ed the br,snl re f l ection [t 10. 04 

o to 10. 39.1\ . U"on heFtin g the s,-mp le c: the sppc i ngs d i d not 

cyprnd bu~ ref l ection bec~me more i ntense. The h i ~j r nrde r 

pe-k" :Jf these r ef l ect i on~ occure nt 5.0 to 5 . 21 ond 3 . 32 to 

3 . 4~, ,~o d - sc::-c i ngs . Th is sUf,ce:ot3 t he presence of ", ic" 

(i'lite) r, the domin::nt cL"'y niner[ll. The 10k o )e<:k i r:. 

:",rnoo ... nd Gu lm-r g s-,m'c le ", showed 

'"lsymmetr icrl b ro' de: in - to ' ":"'dcc l ev, 2 0 8ng l es , suggE'f;ting 

t he Dre"P-llce of der. "8ded r."1.ure of i E i,te i n the1' e s[IQplcs . 

Gl ycolption f oi led to ey hib i rny e yno). i an of 14 .~ o tllcrecY 

rulin r out th", pr e.sellce of c)ps:l ding mine r 81s . The coll .... ,pse 
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-, 

or reduction in 14.I;°pe!lK on '\ - s<1turFlt i on 'nd on hN t i ng 

to 350°\.: r-nd the i nc re"'se in incensity of 10Ao reflec t ion 

ind ic r,te ~ the pcr;sible presence- of ve!"miculite in u'rnoo 

i-lnel C'] ' ",eli 'pm s · mple r . Ho' eve ,', on ;< s[ turF tion ~mel heati ng 

p er s isted i n y"h,..· lg811i. 

soil cb y ::: , thus ',oi', t i ng to\l,rels the pn°:-c:nce of c!110rite iL 

to 7 . 55 rnd 3 , ~O to 3. 63 . 0 
h 

"'ith therm r l tree T.mcnt . The presence of ch lorite, t :-!e re forf' , 

is i !lfeneel i n ,, 1). th e r mple:=: of this ? one but rel 'tively 

i n sm < ll pr' 'ur-·'t iti es in L~' rn 0 rnd Chi,neli gam . 

I:iner"ls af k a ol i n i te group "re cly l"cteri ?eel by 

fJ 7 ~ . 3 6,0 ' , " c;tro',': rc .ec .ion s :t . L ,"10 • r\ w:ucn dlsr"pe:r or 

dec re" e ir; i nt ens it :,' on t', ernF'l tre~t", ent . The reflections 

observed i n thF-"'e s'mpler; ~ t 7. 07 to 7. 5':: AO (lnd 3.55 to 3, 67.,, ( 

~re rel:-,tively \'er'k ~'1d decre <,eel i n i nte:' sity after hec'cin!: , 

t huG tlot, ~'resence Df koo lini te is i n ferred . The preE;enc e 

01 kr-:'lhite v'~s c!Jnfirmed by HC l trertment vii i ch decornp~, sed 

t e ch l Drite mine:'l ~nd tile 7 . 2AO pCClk per!3isted in ~'ll t~1e 

srml' le s . QUlj r t2 "nd feld,'3prr Sf- ems to be " " sent or present 

i , iJ'~.Ce1l only's t ~'1 pir cl1"1 r' cteristi.c re f:' e ctions at 4 . 26;..0 

~'"1el 3. 2/\0 V'ere mi ssing. 

The i nter - str.:::ti'::ied or I'l ixE:d lr:;c:r !'line r , l gr oup 

m .~y : c- n·.v ier when tr?se occur vlith " 11xed pe ri od i ci ty' 

v.'h i le r 'r, dcm or irreg1i l r r is wed if the opposite i s the c' s e 
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T:> ') lo 9: IiCpo rt .~nt d-sp,-,cings (AO ) of untre.:ltt1d clory 
sc·mp l c:s from diff.,rcnt 70nes of K- 5h:nir • 

Loc[l tion/dept 'l (cm) Def,"l"ct i on 
-------- - .---- ----~-----. '-'--'--'-~--~~--'-

High Altitude so ils 

F":!h~ I f-c.m( " - 15) 3. 36 , 3.55 , 5. OS , 7 . rJ7 , 10. 04 ~· nd 14.24 
L~ rnoo(0- 18) 3. 36 , 3. 63, 5. C6 , 7. 36 , 10. 39 -nd 14 . 24 
"on-'m- rr 0- 20 ) 3. 36 , 3. 6 1, 5. 06 , 7 . 30 , 1 n. 39 "-nd 14.47 
('.u lmc r g 0 - 20 ) 3. ?h , 3. 55 , 5. 03 , 7 . 24 , 10. 27 ,md 14 . 71 
GulmoT{; 90- 15 0 ) 3. 36 , 4 . 79, 7. 07 , 10. 04 ond 14 . 24 
Chand igam ( 0- 17 ) 3. 33 , 3 . 57 , 5. 06 , 7. 18 , 10. 04 2nd 13.58 

Volley basin sc.i I s 

(;hudwani ( 0- 20) 3. 36 , 3 . 58 , 4 . 79 , 5. C6 , 7 . 24 , 10 . 27 and 14 . 01 
:11.1.'1" r ( 0- 2.J ) 3. 38 , 3.61, 4 . 79 , 5. 06 , 7 . ?h , 1 o. 39 ?nd 14 . 71 
~: un:J r( 75 -1 50~ 3. 29 , 7.rJ7 , 10. 04 , (1]1d 13. 58 
Sh-· lime· r( 0- 15, 3. 36 , 3. 60 , 5. OS , 7 . 24 , H\1 5 ::nd 14 . 24 
F:J dgDmpon( O- 17) 3. 36 , 3. 5: , 4 . 79, 5. OS , 10. 27 Dnd 14.7: 
H~ndwl1 r[j ( 0- 17) 3 . 39. 5. 06 , 7 . 30 , 10 ,39 ~nd 14 . 01 

K:J rewa soils 

T£'pc r( 0- 15) 7. 30 3. 63 ; 5. OS 7 . 36 , 1 C\ 39 ... nd 14 . 21, J . ~ , 

K. D. F:> rm ( 0-1 6 ) 3.34 , 5. 06 , 7. rJ7 :md 1 C. C'I-l 
P- ;npore ( J - 20 ) 3.63 , 5. 06 , 7 . 30 , 10. 39 :>nd 14 . 71 
P8 mpo r e(85 - 150 ) 3. 36 , 3. 57 , 4 . 76 , 5.06, 7 . 24, 10. 39 , 'n d 14.71 
Koil( 0- 20 ) 3. 05 , 3.29 , 3. 53 , 4 . 66 , 4 . 92 , 7."7 , 10. 04 8nd 14. 01 

- . - ... ~ . . -,~.. . --... - -- . .. . -- - --- ---- ---~~ -. -_ ... 
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T'lbl" 1 0: Import~nt d - sp['cings ( A ~ of M'lgnes i um sn turot~d ond 
Gl "co l -ted c l ey s:Jmp l es from difftorc:nt zones of Kashmi r . 

• ~~ • ___ _ • 0 . • _ L_ • ___ _ ~ .. ____ ~~ _ _ . _ ....... _ .... __ ______ . ~_. ~ ___ ~ _ - . ____ .~_._ ._.--

Loc['t i onj dep t h Mg So tur [1ted Mg Gl ycolot",d 
'" JS?!!!..L .... _ .. _ ... _ ... _._. __ . _ .. _ ..... _ ... _ . _________ _ . __ __ .. _ . _ ____ _ 

Hi gh Altitude so ils 

o~ h:-> 19rm ( 0- 15 ) 3,45 , 3 . 65 , 4 . 92 , 5. 15 , 7 . 36 , 4 . 66 , 5. ~ , 7. 30, 10,27 
10. 52 r.nd 15. 22 ond 14 . 7 1 

L-.rnoo ( 0- 18 ) 3. 38 , 3 . 63 , 5. 09 , 7. 3 6 , 10. 39 , 4 . 79 , 5. ~ , 7 . 24 
:Jnd 14 . 47 ond 10. 27 

Son~ m'1 r g ( 0- 20 ) 3 . 32 , 3 . 55 , 5. 00 , 7. 07 , 10. 04 4 . 8 1 • 5. ~ , 7 . 2'-1 , 
ond 14 . 24 10. 27 ond 14 . 7 1 

Gul mn r g ( 0- 20) 3. 36 , 3 . 58 , 4 . 74 , 5 . 03 , 7 . 13 , '-1 . 79 , 5. ~ , 7 . 18 , 
10. 15 "lnd 1'-1.47 10. 04 und 14 . 71 

Gul mo r g(9 0- 150) 3. 41 , 3 . 63 , 4 . 76 , 5. 06, 7 . 30 , 4 . 79 , 5. as , 7 . 18, 
10. 39 <:md 15. 22 10. 04 ond 14 . 71 

C h~ n di g~m( 0- 1 7 ) 3.45 , 3. 67 , 4 . 7Lf , 5. 21 , 7 . 55 , 4 . 79 , 5 . ~ , 7.36 , 
10. 5 1 :'nd 15. 22 10. 39 ond 14 . 96 

v., Hey bo s i n soi l s 

~(hud"J'}ni (0- 20) 3. 39 , 3 . 63 , 4 . 79 , 5. 46 , 7 . 3 0 , 4 . 79 , 5. 06 , 7 . 36 , 
1 O. 39~nd 14 . 96 10. 39 ond 14.71 

tmn :l r( 0- 20 ) 3.36 , 3 . 63 , 5. 03, 7 . 30, 10. 39 4 . 81, 5. ~ , 7.36 , 
rlDd 14 .71 10. 27 and 14 . 71 

Nun'1 r ( 75 -1 50) 3. 36 , 3. 57 , 4 . 7Lf , 5 . ~ , 7 . 24 , 4 . 79 , 5. 06 , 7 . 13 , 
10. 27 ~n d 1'-1 . 47 10. 04 ::md 14 . 71 

s,', ~ lim., r( 0-1 5 ) 3. 36 , 3. 58, 4 . 79 , 5. as , 7.13, 4.79 , 5. 06 , 7 . 13, 
10. 27 :>nd 1'-1 . 47 10. 27 one 1'-1 . 71 

F~dg'1mporo (0- 1 7 ) 3.37 , 3.58 , 4 . 81 , 5. 12, 7 .3 0 , 4 . 79 , 5. as , 10. 04, 
10. 15 ond 14 . 71 ond 14 . 71 

H-'nd~Jo ro ( 0- 17 ) 3. 38 , 3. 61 , 4 . 8 1, 5. 12 , 7 . 30, 4.601 4.97 , 7, 07 , 
10. 39 ~nd 15. 22 9 . 81 end 14.23 

Korewo soils 
Top.:' r( 0- 15 ) 3.36 , 3 . 58 , 4 . 79 , 5 . 06 , 7 . 24 , '-1 . 79 , 5. ~ , 7 . 07 , 

10. 39 and 14 . 71 10. 04 ond 14 . 71 
:: . D. F:J rm( 0- 16 ) 3 . 36 , 3 . 60 , 5. ~ , 7 . 24 , 10. 15 5. 06 , 7 . 18 , 10. 15 

-,nd 14 . 47 clr d 14 . 71 
~r mpore(0-20) 3.37 , 3 . 60, 5. 06 , 7 . 24 , 10. 27 S. 12, 7 . 30, 10. 04 

end 14 . 7 1 ['nd 14.71 
P'loporc( 85 - 150 ) 3. 38 , 3. 61, 4.76 , 5. ~ , 7 . 18 , w. . 81 , 5. 03 . 7 . 07 , 

10. 04 '1nd 14 . 71 10. 04 ond 14 . 24 
Ko i l( 0- 20) 3.38 , 3 . 6 1, '-1 . 79 , 5. as , 7 .1 8 , '-1 . 81 , 5. cE, 7 . 18 , 

10. 04 .. nd 1'-1 . 47 10. 04 Dnd 14 . 71 

---- ........ - ~- .. ---.- ~- -- --~.--.-------.-- ----- ._---- - --- ... 
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1':'01 ... · 11 : Import pnt -d ··spac i ngs (1., 0) of ?ota ssi um sat'..I r at ed 
and heated c la y sample s from difJere::t Zone s of K2Si1.mi L 

Locat i on ! Depth (cm) K-saturat ed i-ieat ed 

;:: a halpam(O- 15 ) 

8l"!.OO ( 0- 18) 

Gu lma r g (90- 150:' 

Che nd i eam ,.0- 17:' 

l~una r( 75'- 150) 

'~'la limar i: 0- 15 ) 

adeempora(0- 17) 

Tape r .. n 1 c; • 
\~ -

. . ') . Farm' 0- 1c • 

Pampora 

am')Or8 ( 85 150 ) 

.o i 1 

. .. .......... . . . .. ~ . . . .. _ .. . .. . . ' .. _. ~ .. - . - . - -~ .... '- - . -, . 

Hi gh alt i tude 

3 . lJO , 3. 60, 5.06 , 
10. 39 and 111. 24 
3.lJ5, 3. 70 , 5.2 1, 
10. 6lJ Fnd 15.35 

so i ls 

7 . 37 , 

7 . 36 , 

3. 37 , 3.6 '\ 5. C6 , 7 . 180 , 
10. 39 and 1lJ . 717 
3. 29 , 3.lJ9 , lJ . 92 , 6 .96 , 
10. O'J and 1lJ.01 
3. 37, 5. e.6 , 7 . 18 , 10. 27 , 
end 1lJ . 2lJ 
3.39 , 5. 09 , 7 . 36 , 10. 39 
and 1lJ,lJ7 

Va Hey bas i n 

3. lJ 1 , 3. 63, lJ . 79 , 5. O'i , 
7. :5 , 10. 39 pnd 1iJ , 71 
3. 36, 3.55 , ~· . 86 , 7 . 30 , 
~ o. 39 and 1lJ . 7 1 

3. 37 , 5.09, 7 . 2lJ , 13 39 
rna 1lJ . 0 
3.38 , 3 .50, '-1 . 97 , 7.07, 
10. O'J ~'l.d 1lJ.01 

3.36, 3. 55 ,14071, 5 . 03 , 
7 . 13, 10. 27 Rnd 1lJ.iJ7 
3. 39 , 5. as , 7 . 1 (1 , '1 n. 39 
and 1'4 . 71 

Kar evla so i ls 
3 7' • .:JO , 3 . 54 , 5. Of), 7. 24 , 
10. 3'] and 1lJ . 7 1 

3. 32 , 7 . 13 , 1 o. 15 and 
13 . 58 

3. 33 , " 3f' ~ . , 7. 07 , 1 O. O'i 
&nd 13, 79 
3 37, 7 . 2L, , 10. 27 and 
11, . ~ 7 
3.36 , ;;. if" 7 . 18 , 10. 27 
end 1lJ, 2lJ 

3.38 , 5 . 06 , 7 . 36 , 10. 39 
and 14 . 2lJ 
3.42, 3 . 55, 5. 15, 7 . 36 
and 10. 39 

3. 36 , 
10.39 
3. 36 , 
7. 18 , 

3 . 55,5 . 03,7.2lJ, 
and 1lJ . 71 

3. 37 , 5. 06, 
and 14 71 
3.3E,3 . 53 , 
a nd 10. 27 

LI • 71j , 5. ct , 
ilnd 1lJ.71 
7 . 36, 10. 39 

5 . 06,7. 2lJ 

3.38 , 3. 58 , ~.7lJ , 5,06, 
7 . 36 , 10. 30 and 111.71 
3.36 ,3 . 55,5.06, /.30, 
10 . 27 and ,4 . 7 
3.36 , 5. ex:, 7 . 2/4 and 1 C'. 27 

3. 36 , 3 . 55, 5.06 , 7.13, 
10. 27 pnd 1LI . LI7 

3.37,3. 55, lJ . 79 , 5. C6, 
7 . 2~ • ,0. 27 <lnd 1lJ. 71 

3.37 , 5.06, 7.36 , 10. 39 
8nd 1lJ. 71 

3.3 6 , 3. 53 , s . 06, 7. 24 
and 10. 15 

3. 3fl , 5.06 , 7 .24 and 
10. 27 
3. 36 , 5. 06 , 7.24 ana 
'10. 0+ 
3. 36 , 3 . 5':' , 5. CAS, 7. .7 

I .....: ~ 

10. O'i a"d 1lJ . 71 

3. 3E, 5.05, 7 . 21-, 10. 27 
8nd 1LI . 47 
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:'lie i:,te sit o' of 14,,0 l'p.flect i on re;duced due to ',Gc·ting 

,i th r " l: t. ive i nc r c"s€ in 10'1° r eflection; this m:,y SUU;0st 

thp prp·ence of mic"' - verrricLlitp os mi xed l[lyer i n !...c r noo 

~nd C~nd i r~m scmple s . Thp Y s-turrted ~nd he~ted s~mples 

c.hove0. c vcr,! sm;' ll ref l rct i on ot 12 . 0,:,,0 i t d i cC'tinp the 

p re ,': ellc e nf mi e'ed 1" 'leI' mi ner:, l . Hovever the ~ tsenc e of 

h igl-)er order of th o s r c fl ecti,Jn sug gested r 'ndom 

o 
int~, r str' tificti on of 10 ":-ld 14-" cnmponen·cs . 'i'he f' ct 

tlrt 12. 6A o r Lflection is not i c cablc in the hr.";; ed s'm,.,les 

su,c'r'-.st ed t\l~t t h e 141,0 cnlTt,}onent i s chlorot i e i n n!"tu re . 

The clc y s'm-. lp. R f r om V~ lley b.-, S L l 70ne g' vc strone 

rpflect i on e , t 10 . 04 to 10. 39 i n ME"'s:'tur~ted s"mples ~nd 0 "1 

.r.: l yco l ·ti <:>n. Thr"re v" , no exp'Y),siOIl of the pecks due to 

he 't i ne but the reflect i on~: bel- un e rel,' tively in ter,s E:. The 

~i~~r ord0 p enks observed 0re 5. 03 to 5. 46Ao ~nd 3. 37 t o 

o 3 . 38A . Thu s th e presel"!c e of i lli t e is i nfe r red c s the 

domin~nt mi ner~ l i n the soi l clcys from ti: i s 70ne . The 

r:;o - s"tur~ t ed ~- mDl<;,s fromthis 70ne oycept th t of !::dg":npor' 

end [liuno r (75--1;i O cm) se m:> los cxhibited 10Ao pcck ~s 

refl~ct i on in ~~ -s.-,t u oted s-m01es occ ~red -t '~.47 to 

15.22AO -nd per s i sted ~fter h: "ting 

The i ntensi.tlros of h i ;: !1e r order pC" ks r-t 7 . 13 tD 7 . 30. ,° 

end 3.36 tc 3.39.110 found i n tl: ,-,[jo s cm l es decr e- sed due to 

therm, l tre~t-ment th us i ndic: t i m' the prc .'; cr:co of cu l :' rite 

........ ;. 
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in t hl? se s ' mpl e s . 1')1e 14Ao pe ' k d i s ~ ppe:-red i n '\Ly]~ r 

s-m;le (75-1 ~ 0 cn) due to he~tinp suggesting the pre scnce 

of ver, .i eulite i n t ., i s f,' mple . The re f l ecti ons observed 

c,lIn 'een 7 . 13 'nd 7.30 AO :'nd 3,57 ~'nd 3. 63,:,° I'lith 0 decrS'::.sr7 

iiI i ntensity on therm' 1 tre"tment i ndicted the pre~ence of 

',,' olin i te i n ".11 the s'mples ', f t b i s zone . The prefenee 0 :' 

ka olin i te ~r::, cDnfirmed by HC l tre: tment . 

1''1e p resence of smec t it e " " d n "ln - e18Y m'teric.l could 

n ' t be inferred dUD to ~bsenee of r elevLnt perks . The prc s ml ce 

of mi co-verrnic ulitr, ('nd i llite ·-chlorite "S i) ,terstr;-tified 

mi n e r" l t"- 8 ~ l so observed i n t!1e s o il cloys f r om th i s ?one . 

Thl? SO 'j 1 cl-'ys from Lco rewc. '-one Ii ':YO strong 

re f'lpct i ons ,~t 10 . ()II to 10 , 39.:,0 in 1'113 - s~tur:oted srmp le s ~r: a 

o on g lyco l -t i on the reflecl:ions "Jere 0 served '. t 10 . 04,4 • 

Due t o the r m" l t r e·~tment t he re:c' l eel: i ons becnme i ~lte, 'l e . T:o c 

hi~her ord e: penks oi)se r vecl in j\; ~ s:-tur':'tod s, )~,ples were 

5 06A o -nd 3. 36 - 3. 32Ao , thus the pre s enc e of illite os 

tl1C dominont cl,:ly i n a ll the s mples of t!lis zone is 

i nfe rred . 'l" 1P. ~ s yml' etric-'l r1~ture of 10Ao pec"k \: i,ich 

b rocode'.ea to ~ rd " 10vl :? 0 -n r le E: indicoteci t'le degr- de d 

n-tur e of i l l i te . o Th e 14A p e 2k pCI'sistec on i\ - s,·tur<:! ti r'n 

"ind 11 rti ng i r- V 11po re ( 8 5 - 150 cm) nd l< f)il s: ',mp les pointin€o 

to'-"l'r d ", the pre ~encp of e 'l l ori teo The eOLtent of c'l l or ite if' 

othF r ,s mp le s m,y be rlOl, tively 19ss b eer u =, e of pre .:' e:Jce of 

h i phf' r order pe:, ks . I r- Trp'r , i: D. j' 8::,m rnd ;:'rm ;J ore sC'mple~: , 

t he 'iY . 0,,0 pe~k dis<'DOP< red due to hrrt i r g vi hi c h s u [ gested 
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the preSE1CE: of vermicu l i teo ~he prf'"'ence of k,Jolinite is 

Cllso inferred i n t:'e soi l cl,:'y:,: of t,!is ~one bec-use of 

7 . 0Ao oeOK V'tlLCh dis~,.,per,recJ or deu"sC'd in i nteLsity on 

> (>c,til~[ . Its pre, enc e w s confir med by i-L l tre'- tmtnt . -:'hc 

inter - str,·t i_f i ed m i ner'-'l.~ , such '-'.S i ll i te , ve,n:iculi te ~.i1a 

i1 i te , c1llori te ~e' e 'lso p r Fsent in the K'rewo soil clG_ s . 

E:>-eriment- l findi ngs pert, i n i n" to tht poc-'SSiunl 

chem i stry of the soi l s under inve,st i rntion '.lre pr esented 

under the -,-ol l o'lling he··ds: 

1. P:lrms <'nd distribution of pot::ssiL.m 

2. Green House stud i es 

3. Q;Y'nt i ty / Intensi ty rel't i onship. 

T:-1e results i n r espect of w·rious fo r ms of pot"ssiuf.1 

," r e pre~pn - ed i n ~ ' o le 12 . p_ perll -- 1 0:' the drto 

ind i c·-tes th2t ]( - fIy i ng COP'1cit y 01' tile h i gh >,lt itucle so i l 

v" rierl from ;;>('(1 to 280 ppm l--it-'1 C'n ['VerB e V01'l<o' of 267 pprT, _ 

t!le ilil>lest l( fix i ng C ':'''lCi ty ( ?fjO pm ) 'I. s siloi'Jr"! 1:'y the 

r'-I1- ~ r -m soi l. The soi l s f r om the 'rlley bssin h:::d 

t _e .soil f r l'IT1 h i gh :,lti tud e <'one . It v'_ried from ?40 to 

p .. :nn ~'1j her e"" s i n the 18custri~e de 'osi ted 7cn e Dl 

i;; 1'10'",,, the Y- fb: i ne c~'vci ty w, E: 10VH,,~t - nd v'1ried from 

230 to 25'" ppm pond tile "vel '-'Ie v--, l ue 'Norked DS 245 ppm . 

2h e 10"est K- fix i ng ~nprcity of ?30 ppm wa s exhi~ited by the 

F.oil s'mple i L the K:::.rewn :?one . 
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Tr:b le 12: Fo r ms of Potassium i n soils of diff" r "nt zonE:S of K::, s hmir. 

_ ..... _ ... ... - ~ . ~ .--.-~-~-.---- 0_" .~ .. _ _ _ 0 . ____ .. _ __ • ___ . _ ....... __ _ .... __ ._ . ... _ ••• _._~. __ ._._. __ " 

Loc~tion Depth K fixing Wa ter Ex K Fixed K Tota l K 
(em) e~p~eity So l ub lE: K 

(ppm) (ppm ) (ppm) (ppm) (56 ) 
-- --- ._ .... - -- '''-'-- -----_._--_ ... __ .. _- -
_1 ____ . ___ L _____ ._ . ...2. ____ .. ....!±. ____ 2...._ . _ ___ 6 __ L _ _ ... 

High Al t itude so ils 

r~ hCl l getm 0- 15 280 22 12 0 828 2 . 00 
15 - 35 19 104 745 2 . 15 
35-50 15 108 982 2 . 66 
50 - 125 18 106 995 2.2 0 

125-15 0 21 97 863 2. 15 
We i ghted :J verDge 19 1 11 921 2. 21 

L~ r nrlO (\-1 8 260 24 110 929 2. 3J 
18- 7" 21 1C5 992 2. 25 
7()- 120 18 108 9C5 2. 18 

12(' - 15° 26 102 865 2.4~ 
\~e ight ed ~v~ r'" ge 21 106 93C 2. 26 

Son ~m"'rg (, - 20 270 2 1 11 0 835 2. 02 
20- 6('· 2(' 85 762 2. 04 
60- 9 0 18 80 92G 2. 23 
9n - 128 19 105 975 2. 40 

1?8- 15 0 15 90 860 2 . 65 
We i ghted [I ve r" g e 18 93 87 1 2.25 

Cu l m'] r g 0 - 20 265 18 120 895 1.46 
20- 50 15 11 C 742 1. 6 1 
5(' - 9(' 22 116 938 1, 52 
9"'- 150 18 96 946 1.78 

\~e i ghted ,)Ver~g0 18 107 896 1. 63 

Ch~nd igOlP C- 17 260 18 115 845 1. 92 
17 - 60 16 85 920 2. OU 
60- 9" 15 10e 845 2. ':)2 
90- 15 C 2(; 95 872 2. 35 

\'JeightE:d ['ver~ge 17 95 877 2. 15 

\ Vc UQy bo.si n so ils 

l:hudvmni 0- 2 ("\ 265 20 95 780 1.52 
22- 4 (', 18 88 672 1. 65 
40- 70 18 8J 526 1. 80 
70- 120 15 60 6 10 2.16 

120 - 150 20 78 505 2.25 
\ ·eightt..:d 8ver:'"' ge 17 91 603 1.95 

eontd .• • • 
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- -----_ .. ~-.... ~~-.~--. -. . ,~"",,--,,- --_ .... _, _ ... ,_ .. ____ •. ~_ .......... __ • ___________ ...s_, __ • 

1 2 3 4 5 6 7 
... -~ ... ~~.-.. --.----.-- ._- -- ~----.---~ .. ~ . 

~~ __________ ... __ .........-. __ ...... _L _____ . 
r·'un" r 0-20 240 15 80 626 1.95 , 20-40 12 75 765 2,06 

40-75 10 70 850 1.85 
75-150 11 ~ ... 942 2.01 

Weighted ::-verr>ge 11 84 855 1.97 

Sh' lim~' r 0-15 255 22 102 84e 1.52 
15-45 19 105 725 1.85 
45-90 18 95 695 1.6(; 
9:'-150 1.5 82 705 2.20 

Weighted ~lv€:r!l ge 17 92 719 1.88 

_ P~dg::lmpor[\ 0-17 260 20 90 840 2. 15 
17-85 15 85 755 2.08 
85-110 15 95 805 1.95 

Weighted Clvernge 1.5 88 779 2 •. ::£ 

Hrnd~mro 0-17 250 18 85 610 1.60 
17-35 15 70 580 1.68 
35-85 12 65 550 1. 95 
85-150 12 90 620 1.85 

Weighted Clver:->ge 13 78 590 1.83 

K:->rewn soils 

Tflpor 0-15 240 20 85 750 2.02 
15-35 18 75 690 2.10 
35-60 18 70 545 2.10 
60-9C' 15 80 605 1.95 , 
90-150 12 95 625 2.20 , 

Weighted ~v~~rrr ge 15 84 629 2. 10 

K.D. Fnrm 0-16 255 19 105 825 1.95 
16-31 17 95 740 2.10 
31-47 20 85 655 1.85 
47-97 18 78 605 1.95 
97-150 15 82 655 1.95 

Wdghted nverr'ge 17 84 665 1.95 
P"mpore C-2(; 255 19 95 74C 1.85 

2"-60 15 85 785 2,05 
t- 6r-85 12 7C 695 2.05 

85-150 10 62 76:) 1.95 
Weighted "vc;r":ge 13 74 753 1,98 

~oil 0-20 230 15 6:0 665 1.7:) 
2('-50 12 75 615 1.65 
50-85 10 65 75(0 1.85 
85-15C 10 7::- 615 1.95 

j.Teighted f'V0r[lge 11 71 653 1.83 

~. ____ ~_. L-oO_-____ , __ • -- .-- --.-- .. .---- . --"--- . --~~- -'-~- ..... -
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The contE'nts of wrter soluble J.. in the high " ltitude: 

70n e v'" ried f rom 15 to 26 arm e nd the we i ghted GvenJ5e 

v"lues rr-n ged between 17 . '_2 ,:'nd 21 . 36 ppm . T he distribution 

of w'ter so luble K in this 70ne d i d not show ony specific 

t rcr;d dO"n the profile . The contents of W[ ter soluble K 

i r; the v'lley 's'sin soils r r n ged from 10 to 22 ppm end i n 

the K;' re','n ,,"oils from 10 to 20 ppm. The corres ~ ondinp 

v'eighted ,veral' e v81ues r anged from 11 . 43 to 17 . 66 ppm [lnd 

11 . C6 t n '17 16 p )m i n these s oi ~ s . The contents of wnter 

soluble K were l ov'est in the K[' rewa belt thon i n the other 

tV10 70nes . The d8t8 reveClled th"l t \Voter solulie V. constituted 

the lov'est froction . 

The e Ychonf;'eabl e potnssium ( NH/.. )A ci-) varied r'rom 

AO to 12 0 , 60 to 105 nnd 62 to 105 'opm i n the h i gh olti tl.l de, 

ve l ley b[ s i n - nrl Ka ' eWE! soils re s rectively. The sur fGce 

samDle s from P-,h"l c'm [nd Gulmnrg had thEe higher content 

(120 ppm) of e ichFmf e8ble K. The wei gh ted overage v-dues 

rnnged fr om G3 .13 t o 111 .43 , 7870 to 92_50 ond 7 1.16 t o 

84 . 74 ppm i n the li i ph 81titu de , V" l' ey be-s in and K[: r ev![ 

s oi ls res:;ectively . T'l e K"' rewa soils had relati vely lower 

c xlb'nt of e: chan ge8 ble K th?n i n the othe r 7ones . 'iov'ever , 

t h e sur feee s~m , le s of the K D. F'1rm exhib ited [l fairly h i gh 

"'moun t ( '105 p"lm ) of eyc hr'n i ec: ble K. 

Tile fiyed ~otassium ( n::c:; 03 cD l uc ie K) varied 

from 742 to 992 , 505 to 942 ond 545 to 825 p pm i n h i bh 

f'ltitu de zoc, e, v911ey b8sin Ell1d K,neviE soils r espec":ive l y . 
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The higher content of 995 pc,m WiJs encountered in the 

E-h-'ri?on (50-125 cm) of ;'ahelg8m profile and the lowest 

content (505 ppm) in the Khudwmi profile (120-150 cm). 

The ,,'eighted aver' f'e vGiues :t'anged from 871.66 to 930. Oli, 

590.73 to 854.80 end 628.83 to 753.16 ppm K in lli~h 

altitude soil, WIlley b8sin And KarevJ8 soils, respectively. 

The w-Hey bc,sin 8nd Karewa soil had relatively ~esser 

content Clf non-eychanfeable K as compr'red to those of hiGh 

Altitude nmes. The distribution of non-eycha ngeable K 

in the various soil down the profi le did not specify 2ny tre:'ld.­

The tote 1 Z-conte ~t in the hilCh altitude 70ne ranged fro;!1 

1.46 to 2.68 per cent .c·nd the weighted average vC'lues varied 

from 1.63 to 2.26 per cent. Generally the lo'er hori70fls had 

e higher content of tot8l K but the trend was not uniform. 

In the Wllly b9sin soils the total K content ranged from 

1.52 tCl 2.25 per cent and the weighted avere[;e from 1.83 to 

? c6 per cent. The 10\"est content (1.83 per cent) was found 

in Hpndw8r8 soil proLile. The K<'rewa soils contained 1.65 

to 2.20 per cent and the ,,'eighted average velues ranged from 

1.83 to 2.10 per cent. These soils had rel[:tively e lesser 

cO;'1tent of totf'l K th8D in the soils from high altitude 2.0::1e. 

tbe lm'es+' cDntent (1.65 per cent) "JAS observed in the Koit 

':1ro:ile (20-50 em). 

HelF!tip.n.~hi'p_ .bet~:~ep_Jqrms .of_ILapd._soj) . .fD~..cU£n.!3";' 

The date. pertaininl' to the fl·a~'·ti.ona.t:lon of KiT, 

vf>rious soil fract'lons (clay, silt and fine sar.d) of 
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surface E'nd selected sub·-surf3c e sam:) le s are prl?;:;ented i n 

Tob le 13 . It is evident from the Table toat to ta l K i n the 

fine s<'nd f r om hi gh a l t i tude zone v?rieel from 1. 45 to 2 . 20 

per cent; i n s i lt from 1. 90 to 2 . 80 per cent and in clay 

from 2. 85 to 4 . i.J0 per cen't . The He l soluble 1< was i n tlle 

renge of 0 . 35 to 0. 68 , 1. 1Lf to 1. 48 and 1. 40 to 1. 80 pl?r 

cent i n i i !']e s!')nd , "' i it 'Jnel c l ay f r act i ons respectively . 

The fbed l( ( H JHi'J0
3 

So l ub le K) vDri ed from 0. 15 to 

0. 25 . 0 . 22 to 0.42 'nd 0 . i.J5 to 0 . 86 per cent i n fine sand, 

silt 8nd c12y res::>ect i vel y . In the valley besin so i ls the 

totd !~ v'Jr i ed from 1.25 to 1. 6'5, 1. 80 to 2 . 3') and 2.70 to 

3.75 i n fine sE'no, s i lt and clc y respectively . The contents 

of He l solub le K ra nged from D. r8 to 0. 50, 1.1 0 to 1. 40 oLd 

1.48 to 1. 85 per cent in fine send . silt and clay respp.ctivel}. 

The s'Jnd, s1 1 t and clay frE'c t i ons f r om t ll i s 70ne had fixed ~. 

( IlH!'i 03K) nc,ng i ng fr 'm 0 . 10 to 0 .20 > 0 . 20 to 0.45 and 

0 , 60 to O. 7e, per cent re spect ively , 

',he tot"'l K i n tile !'oil s&mp l es from T'~E r'eVla zon e 

vi'irirod frOl11 1.25 to 1. 6 r > 'I. 80 to 2.4 5 And c.25 to 3 ,15 per 

cent in ~i ne sa nd, s il t and c lay respectively . The Hel 

so lus, le K i n the s8nd v< ried from 0.35 to 0. 65 per cen t . 

r- e prdinr the crntents of fiY.ed r i t vcried fro m 0 . 15 to 

0 . 25, I.,. <:;1 to 0 . 6<:; ",nd 0.75 to 1. 05 per c'_'nt i n fine s&rJd, 

si It lind cI8y respC'ct i ve l y , r" e contri. but i on from f iner 

p'lrt.iclps ,",,'5 rf'l<,tivel, · more t'l 'll1 the se nd tOvi8rds the 

var i ous forms of K i n all the soils , _Ii an 8verL~e cl[:y 
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Table 13: Potassium content and cont r i but i on of soil fr cctions 
to d i fferent forms of K in the var i ous 70nes of Kashm i r . 

(per cent ) 
-----_ .. •. ~ ~ ~ ... - - .-. -- - --_ .. _-_. - -- - --.- --
LocBti on / Fract i on Tota l Contri - HC l Cont ri- Fixed K Contri -
depth (cm ) K bution So l. K but i on ( 1 NHN0 3 )bution ---
1 2 3 4 5 6 7 8 ,---

Hi gh Al t i tud e soil s 

PD h-l1ilm Fi ne sand 1. 60 7. 56 0. 68 8. 46 0. 20 7. 51 
( 0- 15 Silt 2. 80 4 1. 48 1. 16 45 . 22 0. 26 30. 64 

Cl ey 4.40 50. 94 1. 52 46 . 31 0. 67 61 . 69 

Lnrnoo Fi ne sand 1. 60 6 . 42 0. 54 4.86 0. 22 4 . 72 (0- 18 ) Silt 2. 80 59. 48 1. 44 45 . 03 0. 39 29. '17 
Cl ay 3.20 66. 17 1. 56 50. 10 0. 86 66. 07 

Son.~m" r g Fine s::md 1. 45 8 . 77 0. 45 6. 28 0. 25 11 . 12 (0- 20 ) Si l t 2 30 33 . 37 1. 20 40. 24 0. 32 34.14 
Cl ny 3.50 57 . 85 1.20 53 . 46 0. 45 54.72 

Gulma rg Fi ne sand 1. 80 11. 12 0. 35 4.38 0. 15 7 . 30 ( 0- 20) 
Si It 2. 45 43. C4 1. 48 52. 72 0. 22 30. 51 
Cl ay 3. 90 45 . 83 1. 80 42 . 89 0. 67 62. 18 

Gulmo r g Fine sand 2. 20 12 . 01 0 . 42 5. 00 0. 21 8. 44 (90- 150 ) Si lt 2. 65 44. 02 1.20 47 . 12 0. 30 37 . 04 
Cl iJY 3. 35 43. 50 1. 52 46. 31 0. 58 54 . 49 

Ch' ndigiJm Fi ne SQnd 1. 75 17. 16 0. 38 7.03 0. 15 6 . 32 \ 0- 17) Silt 1. 90 37 . 53 1. 14 42 . 52 0. 42 35 . 63 
Cl ay 2.85 45. 30 1. 68 50. 43 0. 85 58. C4 

Va l ley b~sin so il s 

r:!...ud~tl::: \ n i Fi ne s:-> nd 1. 35 12 . 86 0. 50 9 . 94 0. 18 10. 40 
; .>20) Silt 1 80 32 . 62 1 16 43 . 90 0. 32 35 . 21 

Cley 3 65 54 . 50 1. 48 46. 14 0. 60 54. 37 
' u..Y)~; r 

Fi n e' 3,~nd 1. 25 10. 70 0. 42 8. 01 o. 16 8 - 93 ~ J - 20) Si l t 2. 21 37 . 01 1.20 44 . 49 0. 25 27. 14 
Cloy 3 60 52 . 20 1. 48 47 . 49 0. 68 6 3. 91 

contd •••• 
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--- ----
1 2 3 4 5 6 7 8 
.. _---- - - ~--

• R __ • _ _ ~_ •• ____ •• _ •••• ~ _._~_..--__ .~ ____ • ____ - ... _.-. __ . .. -~ -' --~-
~;un::l r Fi ne srmd 1.50 10 . 90 0 . 48 7 . 25 0. 20 8 . 42 
(75 -1 50) Silt 2.35 35 . 93 1.40 44 . 49 0. 33 29 . 21 

Cl ay 3. 75 53. 15 1. 64 48. 30 0. 76 62 . 36 

Shr limrr Fi n", sand 1. 65 13 . 48 0.1!8 4. 80 0. 10 5. Cf (0- 15) Silt 2. 05 36 . 62 1. 16 43.56 0. 29 32.10 
Cloy 3.25 49 . 89 1. 60 51.63 0.66 62. 82 

P-dgompora Fi nE: sr1Dd 1.40 14. 12 0. 45 7.63 0. 15 9 . 31 
( 0-1 7) Silt 1. 85 43. 67 1. 1 0 43. 69 0. 20 29 . C6 

Cl,y 2. 70 42 . 20 1. 85 48.66 0. 64 61 . E 1 

!-!~nd"JOrQ Fine sC'nd 1. 65 12 . 66 0. 50 7 .39 0. 20 7 . 31 (0-1 7 ) Si It 2 . 20 52 . 59 1. 18 54 . 35 0. 45 51 . 28 
C18y 2. 80 34 . 74 1.60 38 . 25 0. 70 41 . 40 

K[1rewo soils 

T'por Fine sand 1. 50 11. 92 0. 60 7.62 0. 21 5. 22 
( 0-1 5 ) Silt 1. 85 40. 94 1. 25 44. 25 0. 55 38 .17 

Cl oy 2. 35 47 . 14 1. 50 48. 11 0. 90 56 . 60 

K. D. Form Fine s'nd 1. 60 1 1. 12 0. 50 6 .90 0. 25 5 . 90 
(0- 16 ) Silt 2 05 38. 57 1. 34 50. 29 0.65 41 , 85 

Cl ,y 3. 15 50. 29 1. 35 42 . 79 0. 96 52 . 20 

PQrnpo re Fi ne sand 1. 25 10, 04 0 . 65 9 . 22 0 . 28 6 . 79 
( 0- 20 ) Silt 2 . 15 44. 53 1. 20 43. 88 0. 62 38, 81 

Cby 2.65 45 . 41 1. 55 46. 89 1. 05 54 . 39 

t':1rnpor e Fi ne s:md 1. 35 7 . 9 0. 65 6 . 00 0. 28 6 . 40 
(85 -1 50) Silt 2. 45 40. 8 1.26 38 . 00 0. 51 33 . 28 

Cl ay 2. 80 51. 25 1.65 55.00 0. 84 bO. 26 

!Zoil Fine s"nd 1. 25 13. 2? 0 . 35 6 . 37 0 . 15 5 .. '19 
( 0- 20 ) Silt 1. 80 45 . 44 1. 10 47.79 0. 60 49. 65 

Cby 2. 25 41 . 31 1. 45 45. 82 0. 75 Y 5. 15 

--- .-~ ------ ._--
c 
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cont ributed from 34 . 74 to 66. 17 per cent , silt 32. 62 to 

59 4 e per cent and f i ne sc'nrJ 6 . 42 to 13 . 23 per cent to-,18 r d '3 

t otol K in these soils . The cOJ ... ·~riCut ion from clay , silt 

rnd fine s?nd to HCl so l ubl e K vC'r ied f: om 38. 25 to 53. 4':: , 

3n. o to 50. 29 Fnd 4 . 3 to 9.94 per cent respectively [me: in 

c"se (If nr:.rr~03 so l uble K the cont ri but ion vari ed f r om 41 . 8: 

to 66 . 07 , 27.14 to 49. 65 2nd 4.72 to 10. 42 per cent·- clay , 

s ilt pnd f i ne sand respectively . 

4. 3.2 

Th e expe rimen ta l i i nd in Fs obtained f r om a gr een 

house studies on the s(lils f r om the different zo~es of 

::0 s!:"'l i r VJi 1;h ~Ihect "s a test crt'p cpplyin g three leve ls 

of I< vi7 . Ko ' KZOO and 1<400 p pm. are presented in TDole 14 . 

a . Dry. !na..t!.e r~cc_!l!n~_~~;t.:i.:.0B : - The data obtained f rom 

the y i eld of dry mrnter with the di fferent l eve l s of ;Z at 

half flo' ering stOl pe (60 dilYs) was fou,'1d to increcse vlith 

the ap -lic[1t ion of 200 p m K. '1 i gher dose of 400 ppm j', did 

!lot s11ov' any i ncrease in dry ma tte r over the treatrr.en I; of 

?OO ppm L, t h ou!:h t here 'ClE a cons " i cuous increase in the dr:-

m" tte r production over control. The trend 1,olas observed i n 

a ll so ils eycept in T"p"'r and Koi 1. ( KareW3 zone) ill :.e re 

increa sing the l evel of 1< f r om 0 to 400 ppm i ncreased tr.e dry 

mF tt e r producti on. l'j-,e ~ i rhest dry matter :. ield of 2.2'1 c: 

VI''' S obt2ined in PC'h!' 1 am soil with appli C8 tion of 200 ppm '\ . 

"'he me?n dry mr. -: ter yi eld varied from 1. 68 to 1. 83 i r: hi g!] 

Flltitude ~o 1e , 0. 94 to 1. 77 i n velley b8sin and 1. 02 to 

1 81 rm in t he I<:8re,'8 soils. 
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T ' b l u 1 4 ~ Eif<.:ct of 1; - ;lpJ licr.tious ond d r y m~tt"r , V. - c oncc.n tr'L i on "nd upt -kc: 0f L on 
vih<.: [,t Lrovm on so i ls from d i ffL r . nt 70n"s of K~somi r . ( A v~ r:l< <! of 3 r cp li c : t i or _ _ _____ _ _ _ __ _ __ _ , ___ _ ._.~ __ __ ___ . __ _ ___ _ _ ~ ~ _.w __ • _ __ ''-- _ ~ _~ ___ _ ' . .. _______ _ . _ _ ____ __ ~ ________ _ 

Loca tion Dr y ~·t t ~ r yi ~ ld(g/3 p lnn t~ K -Concent r~ t i on (% K ) 

~~.LQf J<'<'P.J2.l1l~ L<!v\.'l!" P.z .~ , ~l 
,---.-------------~-- . . '. " - ". _ -

PCl h Cl l gnm 
L ~ rno o 
SOn ClD1:J. r g 
Gu lmc. r g 
Chrn digam 

o 
1. 3 3 
1. 75 
1. 54 
1. 43 
1. 55 

](hu dwcn i 0. 95 
Nun[1 r 1. 10 
Sh [1 limn r 1. 14 
Pad gc.mp o r c O. 70 
HI" ndwa r Cl 1 • 2 1 

Tn pa r 
K. D. Fa r m 
Pampo r ", 
Koil 

Menn 

1. 29 
1. 46 
1. 07 
0 . 88 

1. 25 

So i l 

2 00 

2 . 21 
1. 95 
1. 90 
2 . 14 
1. 79 

2 . 11 
1 . 94 
2. 10 
1. 10 
2 . 07 

1. 51 
2. 09 
1 . 47 
1 . 05 

1. 8 1 

K l <.: vt.:l s 
Soils x K 

4 00 

1. 85 
1. 8J 
1. 6 5 
1. 9 1 
1. 69 

1. 7 7 
1. 59 
2. 07 
1. 02 
1. 80 

1. 66 
1. 9 0 
1. 0 0 
1 . 15 

1. 6 3 

CD 5% 
0. 263 
O. 121 

i.\'\ e2:.n 

1. 79 
1 . 83 
1. 70 
1. 83 
1. 68 

1. 6 1 
1. 54 
1 . 7 7 
·J. 94 
1. 69 

1. 4 9 
1. 8 1 
1. 18 
1. 02 

1. 56 

l ove l s l j S . 

Hi [ll Alti tude s o ils 
o 2 00 4 00 !-l eon 

1. 16 3 . 01 4 . 27 2 . 8 1 
1 . 2 1 3 . 6 1 4 . 75 3 19 
1. 40 2 . 6 1 3 . 5 1 2 . 50 
1.27 3 18 3 . 8 1 2 . 75 
1. 00 2 . 75 3 . 20 2 . 3 1 

Va ll ey b2si n s o i ls 
J . 462 . 82 3 . 642. 3 0 
(. 72 2 . 8 1 3.1 7 2.23 
1. 0 1 2 . 55 3 . 47 2 . 34 
0. 79 1. 89 2 . 16 1. 6 1 
) . 52 2 . 57 2 . 62 1. 90 

K:: rew'l sails 
0 . 36 2 . 36 2.97 
8. 4 2 1. 87 2 . 86 
0 . 46 1. 4 9 2 . 2 6 
r . 23 1. 52 ? 1 0 

0 . 78 2. 50 3 . 20 

CD 5% 
So i l 0 . 278 
; ~ - lQ v~ l s 0.1 ~ 9 

1. 89 
1. 72 
1. 40 
1. 28 

2 . 16 

fo ils x K. kv e l s 0 . 482 

K- uptakE: ( mgm K ) 

~.(:yoJ.s __ Q.Lt: . . (PrE1) . 

o 
15 . 8 1 
20. 50 
21 . 72 
17.89 
15 . 55 

4 . 40 
7 . 90 

11 . 54 
5 . 58 

6 . 3 6 

4. LI5 
6 . 14 
4 . 82 
2. 05 

10. 33 

2 0e 

66 . 01 
70. 6 1 
52 . 4 0 
68. 10 
4 9 . 47 

59 . 22 
54 . 99 
53 . 5 1 
21 . 24 
53. 2 0 

35 . 89 
39 . 27 
2 1. 65 
16 . 46 

4 7 . 29 

40~ 

79. 58 
86 . SD 
59 . 22 
72 . '.)8 
53 . 20 

64 . 6 1 
50. 1.6 
71 . 88 
2 1. 88 
L.6. 94 

49. 56 
54 . 87 
22 . 57 
2/e, . 0 0 

54 . 15 

CD 5% 
9 . 08 
4 . 20 

l~",~n 

53 . 8e 
59 . 3C 
L1 4 . LIS 
52. 8 5 
39 . 1+0 

L12 . 74 
37 . 78 
1e,5 . 64 
16 . 23 
3 5 . 50 

29 . 96 
33 . 43 
16 . 35 
14 .1 7 

37. 26 

Soi l s 
K- l evel 
Soil s x K leve l s 15 . 73 
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Potassiurn conc.entr_a.!.i.oy! - T';e s:)i15 under study 

differed r emerk8bl y ~, i t : res ) e ct t o K- concentr a tion i n 

the p l ants . The concentr8ti on 'f K i n the p l ants i ncreased 

~)ith the incre~se i n :: doses . The j( -concentrnti-,n I!as 

10VIest in control out v'i th the addit ion of 200 ppm K the 

concentration increased from 1. 21 to 3 . 03 per cent i n 

high a lt itude 70ne , i1'1d fr om 0.75 to 2. 53 per cent in valle: ' 

basin end 0 . 36 to 1. 8 1 per c~nt i n Ka re1'Ja soils . \':i th the 

add i t i on of il i f her ~ dose i . e . 400 ppm K, the K 

c onc entr8ti on increpsed to 3 . 9 , 3. 0 and 2 . 5 per cent i n 

hi Gh alt i tude , vplley bpsi n and K2reVJa soil s respectively . 

The ovep' U r.1eilrJ ··.· alue of K concentn;t i on in contro l v!8s 

O. 78, ~)ith K200ppm it \Ias 2 . 50 and vlith 400 ppm K the 

concentr~tion inc r eased to 3 . 20 per cent • 

.Eote.ss.i.um._upt.?_~e.:. - The eff ect of a pplied I< on the 

uptake of vJhe pt crop 8ynchron i 7ed v!ith the contents of !\ i n 

t he plants i n 0· 11 the s o i l s . The uptake of K i ncre2sed 

with an- i ncrease i n K- levels . The mean v21 ue 5 f o r uj:) take 

e xh i b i t ed by h i gh a l t i tude soils rang ed from 3 9 . 4 0 to 

59 . 30 i n \'E'lley bes i n from 16. 23 to 45 . 61. and i n the 

Ka r evI8 20nes fr om 14 . 17 to 33 . 43 mgm K. fhe mean v<,lul? of 

u , toke a1. contro l (K 0 ) ':I[, S 10. 33 m;:'m 1-: , vi i th 20e ppm r: it 

increased to 47 . 29 mgm I< and with 400 ppm K the uptake further 

increased to 54 . 15 mgm K. In genera l potClssium applic;:: t i on 

rl?<;ulted i n [, signii'icpnt i nc r erse in K.,.upt2ke i n plE,n ts . 

The I< ;;00 ppm dose vias superie> r over contr o l i n v ie ;1 of 

rem'rkpb E i lCc rec se i n K- uptake (4 to [l time s) whe r eas 

1<400 did not i nc r eC'se t he K- uptakc i n the some magnitude . 



Ttlblt 15; Contents of eych<lng",obl", and fin,d K (ppm) in soils 
of different zones of Koshmir "fter whe'- t crop. 

...... -_ . .. ~ --- --~ ---- . --.,..-----~------ --- ~ - ~---

~~ocDt~on Treatment Excl10nge:Jble K Fixed K 
ppm K - ----- --- -~--.-._.- -_._-'-.. .. -p~- -

1 ______ ". __ ~ ____ ._ .2 ____ ___ Lt. _________ . __ .'L 6 

High Ai ti tude soils 

P:c h:-_lgom 0 84 (120) * 765 (828) 
200 120 890 
400 140 975 

L:1rnDO 0 75 ( 11 0) 828 (929 ) 
iii:' 200 130 940 

400 155 985 

S on mil" r g 0 82 (11 0) 728 (835 ) 
200 140 910 
400 190 980 

Gulmorg 0 72 (120) 685 (895 ) 
200 105 730 .. 400 140 810 

Ch!Jndigom 0 80 (115) 750 (845 ) 
200 95 840 
400 140 915 

~ 
Vo lley be sin soils 

I 

Khud"N:'ni 0 70 (95 ) 650 (780) 
200 85 825 
400 110 915 

Nunor 0 60 (80) 510 (626) 
200 85 625 
400 105 735 

0 80 ( 102) 695 (840) 
200 120 825 
400 145 970 

contd •••• 
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. __ .. ----~ ~ ~ -_ .. ~--------.. ' ~' .-~~-~ - '-~---' - ~ - .. ---- ----- ----
1 2 3 4 5 6 

-----~~ ---~- ------. - - - ,- -- ~.--. -- ---

P:o d gomporo 

HondwLi r a 

K. D. Fo r m 

?cmpore 

Koil 

20" 
4 00 

o 
2 00 
400 

C 
20(' 
4ClO 

o 
2 ClC 
40(' 

o 
2C'{' 
400 

() 

2 00 
400 

65 
125 
150 

50 
65 

100 

60 
105 
135 

80 
135 
15 Cl 

7 0 
115 
nO 

55 
80 

11 0 

( 90) 

( 85) 

K~-r ewo so i ls 

(85 ) 

(95 ) 

(80 ) 

63 0 
785 
825 

505 
675 
695 

780 
845 
91 0 

65 0 
725 
905 

575 
7 <J5 
84 0 

(840 ) 

( 6 1 0) 

(7 5C) 

(825) 

(74 C) 

( 665 ) 

-~ - ---- ------ -------- ------------ - --- ------.--
* Fi gures i n brackets i n d i cn te initia l contentss, 



- 92 -

4. 3.3 

The so il s 8mp l es , after the h8r vest of the wheott 

crops, were collected , p r oce ssed and ana l ysed f or exchangeable 

K (NH40 AcK ) and f i xed K ( I :;HN0
3

K) so as to study the effect 

of crop r emova l on the nat ive and app l i ed K. The r esults 

are presented i n Tab l e 15 . VIh ile per us ing the data , i t i s 

reve" led th-"t there ~Ia s a marke d chance i n exchangeable and 

fiYed K due to crop r emova l, both sho't!ed a d ec rease i ndicat i ng 

t.~at p l ants not on ly consumed exchangeable K but also me t 

part of i ts reqUi rements f r om non - exc hangea ble K res erves. 

The exch8n geab l e K i n the h i gh 6ltitude ?one before croppi ng 

ran ged from 11 0 to 120 ppm an d after cr oppi ng it reduced 

to 7? to 84 ppm . The i niti al non - exchangeable K i n the soil 

varied fro m 828 to 929 ppm and after cropping i t r anged from 

685 to 825 ppm showing thereby a decline by 83 to 86 per cent. 

Si milar trend w's de 'J icted i n the vpl ley basi n and Ka revla soils, 

The plants derived K from both exchangeable a nd non f 

exc hpngeable rese r ves . vii tb the 8ddi t ion of 200 ppm K 

and 400 ppm K th e soi l s gave correspond i ng l y higher values 

of both e:'chC>l1pe'3ble and non -exchangeab leK illustrating that; 

ap' lied K .. 'as part ly consumed by the p l ant and partly ent ered 

i nto the e oi li brium VJ hi ch t.he v8ri ous forms of K are knovm 

to hFve amongst ep ch othe r . 

The ouant i ty!intensity (J /I ) pa r &me ters were computed 

from the s oil be fore grO "'i ng the crop and after the cra 1=' WeS 

harvested . ~ he result s of a/I pEr8meters i . e . activity 
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ratio; free energy, 1a::i1e Y end potential tufiering 

capacity are presented in Ta ble 16. The ,)uantity/InteI,sity 

relc,tions of repreEentative soils is given in Fig.3. 

2. 
a. :'\~ti.vj,J~Y_B,a"t~._o_Jh.Ro!< ,,(JVj.o..l~§.(Ll'" :- The odopti.on 

of ~ctivity r~tio as a mEaSure of K-status of a soil which 

Beckett( 1964a) called the K-potcntiel is considered as an 

indirect moasure of the chemicBl potential of j': on the solid 

ph, se. It is a lso called Int ens i ty fact or. !' rom a peruse 1 

of the dote, the initiC'l vnlU0s C'f :' D k (o-·ctivity ratio) in 
'() 

all tl1e equilibrF,ted soil S5 mples of t'le three zones .. /ere 

high but the veo lU8 s of i", Fo k oft er crop recmovel ,'Here 

compeF,tively 101>,. 

Value of initisl AF k 
o 

after the crop .. ms harvested, 
k 1 

ini. ti8 1 ARo we s 4.62 (1.1/L)'" 

in high altitude soil was 

In the valley basin soi '-s, 

1 a-3 2nd after harvest it 

reduced to 1.66 (~1/L)?a 1a-3 • The initial act'ivity ratio 

the 

1 3 
in Ka re1t/a soi 1 'A'O s 4. 2 (~J/L)'" 1 a- Clnd after crop harvest it 

declined to 1.67 (M/L)-1a 1 a-3 • The highest value of 
L 

a. aa68(h/L)2 wa s observed in Pahalcam soil before the crop 

wa s sown Fnd the 101tJest vslue 
1 

(a. aa19) (M/L)2. '~lle lo\~est 
,. 

k of ,"Fo WDS in Sonam2rg sample 

Val ue Df ARo k found after crop 

harvest ~Jas a.a011(M/L)2 in Sonamarg and Padgampora soils. 

The decrepse in "ctivity raito obs<orved in the semples taken 

after the crop harvest demonstrated that K ~Jas taken by the 

plants. 
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~"'r le 16: Some prlr:1mete r s der i ved f rom Qu~'n t i t y /l ntens i ty r e l Jti onshij} 
b~fo r'" ' nd ~ fter c r oppi ng i n control pots i n so ils f rom 
d iff~ren t 70nes of K~ shmir. - -_ ... -_._-" --.. - . - - _. - - - -- -- ---'- - .---~-------

Loc:lti on C ro ~ stDge 

. _ ._----_._-----

Acti vi ty 
Ra tio 
ARK ( r1 /L)~ o 

Fr ee Ener gy F 
2 .303 RTlo g ok 

C 1 
- 1 a co:::J'Il'g a . c,q Ul.V 

L:lbilc K 
- - KO 
m", /100g 

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

f~~/l00g)(N/L) -' 

__ • • ••• _ .. _____ • ____ _ _ 4~ __ ~ ___ _ ._-- ._-_._- -

Lornoo 

Sonr-m'J r g 

Gu lmf' r g 

.(hudwoni 

S h~. lim::r 

?"l dgomporo 

K .. D .. Form 

;,~mpor" 

:<oil 

Befor e 
Aft e r 

Befor e 
After 
B,:,for e 
Aft<Jr 

B"fore 
.lifter 
Before 
Afte r 
Before 
After 

B"fore 
After 
Before 
After 
Before 
Aftc:r 

Before 
Afte r 
B",fore 
After 
B~ fore 
Afte r 

Befor e 
After 
Beefore 
After 
Bt:fore 
Aft"r 
&:for e 
AftE:r 

Bt. for ,~ 
After 

- -_ ._---

Hi gh Alti tud", 
0 . 0068 - 2955 . 73 
0 . 0020 - 3680. 51 

O. 004/.j - 3213 . 46 
0. 0018 - 3742 . 83 
0 . 001 9 
0. 0011 
0 . 0057 
0. 0016 
O. 005 1 
0.0032 
0. 00'17 
0. 00 19 

0. 0053 
0. 0030 
O. 00'-+0 
0. 0 01 2 
O. 00'-+ 1 
0. 0015 

0. 0052 
0 . 001 1 
o. 00'-+5 
0. 0015 
0. 00'-+6 
0. 0016 

- 3710;-79 
-4 034 . 52 
- 3060. 18 
- 3812 . 65 
- 31 26 . 05 
-3~ 02 . 19 
- 3213 . 2/.j 
- 3734 . 55 

Vo lley bas i n 
- 3 103 . 28 
- 3/.j40. 37 
- 3269. 92 
- 3982 . 97 
- 3255. 32 
-3850. 83 

- 31 26 . 05 
-4034 . 52 
- 3200. 23 
- 38'50. 83 
- 3 190. 96 
- 3871 . 90 

K:J rewo soils 
0. 0054 - 3 092 . 23 
0 . 00 16 - 38 12 . 65 
O. OO!! 2 
0 . 0016 

0. 0036 
0. 0012 
0 . 0037 
0. 0023 

0 . 0042 
o. 0016 

- 32/.j1.14 
- 381 2 . 65 
- 3332 . 37 
- 3982 . 97 
- 3316. 14 
- 3:-97. 74 

- 32/-l 5 . 47 
- 3801. 50 

soils 

so il s 

0. 136 
0 . 092 

0 . 118 
O. CJ78 
0. 116 
0. 056 
O. 111 
0. 060 

0. 158 
0. 11 8 
0. 127 
0 . 080 

0.1 0'-+ 
0. 096 
0 . 12 0 
0. 060 
0. 11 0 
0. 080 

0. 170 
0 . 105 
0 . 120 
O. a:i2 
0. 1248 
0. 0806 

0. 126 
0. 062 

0. 052 
0. 048 
0 . 123 
0 . 092 
n. 145 
:I. 130 

O. 111 
0. 083 

20. 00 
46 . 00 

26 . 8 1 
43 . 37 
61 . 05 
50. 90 
19. 47 
37. 50 
23 . 13 
49 . )7 
30. 09 
45 . 42 

19. 62 
32. 00 
30 . 00 
50. 00 
26. 82 
53 . 33 
32. 69 
41 . 81 
26 . 66 
41 . 33 
27 . 15 
43 . 69 

23 . 33 
38. 75 
12. 38 
3 0. 00 
26. 11 
40. 00 
28. 10 
313. 26 

22 . 48 
36. 75 
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b . The free ener«y va luc ( 4 G): " Th e free eller[,y . ~~ .. . ~_~ . . ~ _.k __ .. __ . . ... 

value ( a G) i s one of the better generali 7ed c riterion for 

soil K - a v i la bi 1i ty t!1an excha"lgea ble :~ . It i s evid ent 

from the d,~t8 t!l"t me"n i nit i a l free energy ( - A F ) v81ue 

Vl8 S - 3213. 24 c8 1/ eq . in h i e hal t i tude soi ls . After cr ~p 

fl~ rVEs t it chang ed to - 3734.55 cf'l/eq , 'j'hus the d ecrease 

in average free energy due to cropp i ng was 521 . 31 cal/equi v , 

The v81' py basin so il showed the mean i nitial f ree energy 

vplue as - 3190 cal /eq. vlhich aft er crop;::ing changed to 

3D71.90 c81/eo . 3howtng a d ecrense of 680. 94 cal /eq. The 

Karewa soils had i nitia l free energy value of - 32L:5 . 47 calfee . 

vlhich chanred to - 3801 . 50 after cre>p r emovill from these 

soils and the reducl..irm i n free ene r gy due to crop remova l 

vIas 556, 03 ca l/eq . 

c ~~i.~e __ !.<_ l~ KOl:_ The 180ile K (A K
O 

) i s index of 

"V<lil"bility or of uDtake rmd the 8ven3ge l a'ui le K coy,tent 

n1s 0 . 127 me/10D g i n h i gh a l t i tude 70ne and changed to 

0. 080 me/10Oe afte r crop harvest . The average decrease in 

l !:bile K yith crop,., i ng \-JF:S 0. 047 me/100gm. Before crop,)ing 

t'le l <lbilc K ave ra ged to 0. 12'-18 me/100g i n the v"11ey basir. 

soil 8nd 0. 1115 me /l 00g in Kp rew8 soils . Tile labile K 

chanF'ed to 0. 0806 Dnd 0 . 0830 me/100g after the crop removal ir: 

V<lUey bfls i n and KDl eM) so ils r especti vely . The decrerse in 

l abile K wi th croppb~g s i gnifie~ i ts ut i liza~ion Ly the p12nt . 

The vplues for exc r." ngeable K were higher thun I Dbile L i n 

pll the soils . In gener2 1 soil \-lith h i gh labile K sLovJ 

hi~her v81ue 0f ARok . 
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d . ~o_t en.t.i"l . . t:u_~fe_r2-n.g __ c.aI:') .c.~.:t.'-': . ( .~_c.~ ; - The paten tiD 1 

1:uffering cap2c i ty ~'hich i ndi c8tes the cap<; ci ty of t he "oil 

to r eplinil'h su~p ly of K to soil so luti on i s sui tab l e me::. sure 

of K- 8v,.ila Li 1 i ty . The averr'ge ?tlCk v2lue before croPi' i ng v'::..s 
J. 

30, 09 , 27. 15 and 22 . L18 me/ 100g (l1/ L )2 i n hi gh a l t i tud e soils , 

vRlley b"' s i n and Kflre,Ja soi l s respect i vely . On c rop ,; i n g the 

pECk vA l ues i nc re?sed to 45 . 42 , 43 . 69 and 36. 75 me/1 00g 

( tl /L)~ i n hi gh a lti tude soils , valley bas i n and Ka revi8 soils 
1 

respecti vely. The hi gher vn l ue of 6 1. 05 me / WOg ( ~l /L)2 

was observed i n the Sonamar g so il nd the so ils f nm :CD . fa r m 

had the lO~lest (1 2. 38 me / lOC~J ( M/L )~ T he dif ference 

betvieen i nit iall PEck ond p:t£k after c r op removal W2S very 

nC' rroYJ ;md r an ged be tw een 14 8nd 16 me / 100g ( M/ L) i!- . l' he 

soi ls i n the present investigati on h' v o' medium ~\ lo'VI 

ARok , b F and 6 Ko and wi ll thus r equire K fert i liZGltion 

for s us toin ed c r op product ion . 



Studies relating to the pedogenesis and potasc,ium 

supplying cClpaci ty were undertaken on the bench mark soils of 

Kashmir in the Jammu and Kashmir St2te. The study VI· s confined 

t . \ 1 o 1.) high a titude zone, located above 1800 m, colluvial in 

nature ii) valley basin of alluvjal orlgin and iii; the table 

lands of lacustrine deposits. Fourteen pedons representing the 

entire study area were exposed c:nd soil samples collected 

horlzorj··wise after stydying their morphological charccteristics. 

Bulk surfe .. ce soil samples \'Jere als(; collected for green house 

studies. The results obtained are discussed under the following 

heads: 

a. 

b. 

c. 

5.1 

5. 1.1 

Pedological characteristics 

I'Iineralogical studies 

PotDssium supplying capacity 

~rJ2.hological features: 

A detailed description on the morphological c .• aracteristi'< 

of fourteen pedons eXiJosed in the study area are given in 

AppendiX 1. The soils in the three zones differed mor~'hologica~:": 

in respect of a number of characteristics. The surface soi.!.s 

from high altitude zone were very dark greyish brown \ 10YR 3/2) 

to dark yello'wish br(,vm \ 10YR 4/4) and fro!!l yelio\,ish bro\>:n 

(10YR 5/4) to dark yellov.ish bruvlD (1uYR 4/4) it: valley bes:'l: 
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surf2ce soils . The Karevla soils \,ere r elatively light coloured 

and t .. E' colour v ari ed frGm brJvm (7 . 5YR 5/4 ) to d f rk br'l"i\1 

(10YR 4/3: • 

The predominantly darker mat rix colour in the higil 

alt i tude sails appe2r to have result eel from hig h or[En i c rl;_,ttc. 

(2 . 4 to 4.9 per cent) of the:.;e salls ClS ccmpared I,ith t~c soils 

in other zones . fmgulzr blocky structure in B-,horlzon \'i2-S 

generally f ound Ll these soils. The soils \,ere deep with ','I'~ll-­

developed B- horizon as was evid ent by illuviat i on and prcsc:nc_ 

of a r gillans i n t he 10Vier hOL zons . The high al tl tude and 

kare:wa soils wer e I'lell dr2ined Lu t thc,se in th" valley vilrL' 

generally pocrly drainEcd 'Ihich r esul t ed i n the formntion oi liE' t 

grey (7 . 5Y[, 7/1) mottles. 

5 . 1 . 2 I)lY,sic.o-chemical properties: 

l'iechan ic ill com\.osition i nfluences t'le nut r ient suoplyil l); 

power, cL'alt1age a nd aer a t i on of the soil. The determi nat i on c: 

the amount of clay [' i ves useful i nform2_t i on nbout the development 

of the so il profile. The duta on the mechanical composition 

of the so ils are presented in Tnble 4 . The distribution of 

vorious soi l separat Es revealed th8t fine s end and silt were 

r elat i vely more in vo l ley b[iS in soils 'vlhere;1s the content of 

clay \'SS more i n high altitude so ils . The karewa soils shovl 'cd 

a slight variEltion in respect of various f r 2.ct ions In compfTiscn 

to the so ils f ro m ot her zcnes . The \1e i g11ted aver< ge valu es for 

cOarse snnd ranged from 0 . 38 to 2 . 25 per cent ond fine S0.1(; 

f r oITl 11 . 89 to 21 . 0 1 per cent . 1'he vieight,-d ,werage v.- lu es for 

silt r2,need from 38 . 87 to 48 . 25 per cent 2nd in case of clay it 

showed a v2riation of 32 . 28 t o 44 . 27 lJer cent i :l high altitude 
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so i ls . The weighted aver age values fo r coarse sand fraction 

in the valley bo.sin soil vari ed f r om 0 . 38 to 1. 08 per cent 

~nd fine sand content var i ed from 17 . 40 t o 22 . 07 per cent . 

The v[:lues for silt and clay varied from 41 . 32 to 54.21 per 

cent 2nd 28 . 14 to 36 . 92 per cent r e sPEctively . In karewa 

soi l s the- wei ght ed :werage velues for cocrse s nnd , fine [;[.nd, 

silt nnd clay f r act i on rang~d from 0 . 13 to 0 . 97 per cent, 

15 . 56 to 19 . 19 p0r cont , 43 . 32 t o 45 . 74 p~r cent -:::1d 33.27 -:0 

39 . 25 per cent, r e spect ively . The SUb- soils in high a lti tude 

zonE h;;.d r \.; l C'.tively mo r ,- fine r frnct i ons which m2.Y be 

ottributed t o rdctivdy high r [::iJrnfd1 (10 00 mm ). This 

consequc!'"lt1y o.cccl e r Qtcd vJeo.thLring thereby incrL~sing the 

inf iltr~ ti()n, this r c sul tLd in the d<ove1uPllh;nt of B- hori 'wn 

\'lit h ;U'gillcns ( Bt ). The so ils in the v~lley b-:.sin IvLr.: :nor­

silty th.~n c l [lyey \'Ihi cr. may le ['ttribut L.a to their fluvi.~ti "-L 

notu r <.; . The soils of thL KGreVJG vJer e <\lso s ilty in n~.tur0 . 

The soils i n the! study oren with c l oy lc :, m t o silt y cl::tY 10 'Cr,1 

cs the dominont t exture .'Cnd f::11 under hecvy t,-xtu red c l e'ss. 

Si mil;;.r r"su1ts VJerc [llsc r"port (:d b y ( Gupt2. et 0.1 '1977 ), 

Iyer 2nd Dutta (1982) end H['J1doo (19133) . 

5 . 1 . 3 Chemi cal char~.cteristics cf the soil 

The study of chemi c[l l composition of t he soi l is 

import r.nt r'S it gives i nfo r mct i vn reg~.rding soil forming 

proc~sscs . The d~t2 on th e chemi cnl cQmposit ion of thL soils 

is pre sent ed in T['ble 5 . 

Soil r eaction: 1'he rL.sults fur welfl1ted .1.v"r'1gcs f pH 

v·:.l ues in th0 high c ltitudc soils v-riE.!·j frem 6 . 38 t 7 . 60 , 1:1 
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v nlley b , s i n so i ls from 7 . 40 to 8 . 37 ,~nd from 7 . 64 t o 8 , 18 in 

k ~ rew~ soils . The pH in both th~s e zo nes w ~ s higher thrn i n t,.L 

hi gh') ltitude zon e , which mQY be " ttributed tc t :1G comp~,r~tiv21y 

mgner prec ipit ~t i on i n t he h i gh r ltitude zono . 'Inc hiG,18r l,i: 

W2S observed i n F-ndgrmporn pr o f i l e nnd r :;ngsd from 8 . 2 t o 8 . 5 

Vlhich mny be :\ttribut ed to h i gher w[' ter t 2ble . The lowcst :J~. 

v c; l uc s ,6 . 2 t o 6 . 5) were obs erved in Gulm::rg soil dUL to higL: 

r~ i nfc.l l :::.nd or[.- nic mc:.t ter content . Si mi ler observ' tion i!er. 

mnde by Guptc: et d ( 1977 ) ::'.nd h2ndoo ; 1983) . 

Fr om c, perusc.l o f t hL d,. t:: it is 

obserV2d t hGt the weig ht ed QVer 2,ge v c l ues of C2,C0
3 

r ~11(2i:d i'r 0L, 

1 . 36 to 2 . 54 per cent , 0 . 85 t o 4 . 86 [leI' c ent ~nd 2 . 31 t Cl 0 . 73 '(.1' 

cent in higr, n lt itud e , vClll ey b ::, sin Nl d k c.r ewn SOils , I'es[lecti'1,--., 

The? higher C['.C0
3 

content ( 12 . 0 per cent ) w ~ s observed i n k :--r c\;<. 

soi l s in l:-c.mpore profile (85-- 150 cm) ~1Yld ',,[:S ::2ttrJ.but ,·d t o t h,. 

u lcc.reous n 2ture of t he so ils . The distribut ion of CoC0 3 i n 

hig h Clltitu de soil s Nl d v rc lley bcs i n soils d c'es not show L'n] 

sp eci fic t r end \'ihil e i n t he kClr o\vC) soils it renerc l .l.y incr(:;':o;(,-­

"l ith the i cree.se i n the profi l e dep th . C21c[.r 20'"~ s nrtur~ (~. th~ 

k nr ewQ soils w::,s nlso r eport d by V2r ::ldnn (1S69) c-nd 1:::1ib (1S7::'). 

v['r i ed f ro m 1 . 37 t o 2 . 89 , 1.10 t o 1 . 54 Qnd 0 .47 ·~u 1. 00 l)('r C3.t 

i n soils o f high a ltitud e , v [" ll ey b 2s i n and k:::re\!~. Zl ne , 

r ~ specti v ely . 1 he su rfc.ce horizon s ShOVkd highcl co nten t cf 

org2nic c ,'.rbon 2nd it d ec r eos cd unlformly with the i n crer se: i n 

depth of t hL pr ofi lL , Hi [ h nl titude so i ls he.d higher conr .nt 

of orgc:nic c e rbon t h"n t he soils i n other zon(:s , Ivh:i.ch mel' Dc. 



attri bu t l:d to a l t itu de , forest veget ;~tion , 2ccumul ,t i un of el1,',:-~ 

crOll r ('sidue s 2nd l ow mi c r ob i C, l 2ctivit y b c: c ;'use of l ow 

t em[leratur e . t'linhFl s cmd Bor" \ 1952) e lso re12t",d hi ghcr oq;; ,HC 

ce r boI1 cont ent t o h i gher [l r eci pi t Qt i on ':-.nd l owe r t em[lel c:tur ·, . 

Simil" r results vler e dso obt c Led by GUpt2 ot al \ 1977) ::lld 

Hmdoo : 1983 ) . 

Tot ~l,.n.it..re gen : The ni t r ogen content v c-ried m~\rk ed ly in 

d i fferent rogi on s of hC.shmi r because of v ~ r i ct i 0n in [lrc ci[lit ~-, il n 

veget2t i on and 2ltitude . The vleighted nverE,gc v[llu (s for t Jt~l 

nitrl'gen r.-,nged from 0 . 09 tu 0 . 18 , 0 . 08 t o 0 . 10 ;md 0 . 0 3 t c, 

0 . 06 [ler c ent i n t hb h lgh altitude , va l ley brcsin and k ( revlC' SOil s: 

res[lcctively . The nitrogen content W2S high i n surf:' ce s e'mpL,s 

nn d decreas ed \-l ith 2n i nc r e.:-':;;e 'in the de[lth of t h ,. profile . 

Jl'linh;'cs :'nd Borcc ( 1982) , SatY2Jl Cr ::lY8X1 cmd Bi s\-I"s (1970 ) rep ort ed 

that in gener a l tho N cont ent i ncre<" s ed ['longl,i th en i ncre..-:se in 

the org2l1.lC carbon content and presenc e uf higher orgc:nic c vrbcr. 

cont ent in surfc ce I n)! ers . Simi12r t r end Iv[,S observ ed i n pres<=nt 

investlgnt i on . 

Ay"ai 12bl o phosphorus 2nd potas~i,u..!I! ; The vleigl, t cd 2vurag e v :'.l ul. s 

for eVQi l .-,ble pho sp ho rus v C' r i ed from 18 . 5 t o 25 . 7 , 16 . 0 t o 2l . 4 

and 15 . 3 t u 23 . 4 ltg/h i n the soils of high c:ltitud e, veney 

bc:sin ~,nd k c:rewQ so i ls, r os [lccti vely . Surf::ce soi l s hr d :1lg1~Qr 

cootent of nvnila ble P 205 which may be C'ttribute:d t c the pr'2 Sl.>rl CC 

of ndequ :,te nmount of orgnn i c mo.tt til' c\l1cl n tiu t r c: l sei 1 r cC'o~: ivn . 

GU[lt2 ot nl ( 1977) md Hc:. ndoo , 1983) re[lort ,.d t ll(; sil:lilC'l' r ,-, su~ts, 
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The available potassium (NH40AC K) varied from 251 to 

285, 209 to 249 and 191 to 244 kg/b in the 8~ils of bigh 

alt i tude, valley. basin and karewa Ilone , respectively. The 

available potassium status was adequate and may be attributec1 

to the presenoe of illite type of clay mineral in these soils 

(T alib, 1973). 

Cflt.iO~ exchange capacity (CEC2, and exchange,able cations: The 

study of the cat ion exchange is import ant as it is a good 

measure 01' the available nutrient s in the sei1. BL sidos it 

influences the physical properties. Its weighted cvcrag2 

values ranged from 22.49 to 28.98, 15.80 to 22.31 and 15.01 to 

20.14 mc/100g in the soils of high altitude, v&lley bnsin 

and karewa zone, respectively. Th" CEC of thE: high altitude 

soils wes more than in thL soils of other zenes, whioh may be 

due to higher oont ent of orgenio matt Lr end olay. Gupt o. et cl 

(1980) end Hillidoo (1983) reported similc:r results. Exohangc­

o.ble cnlcium was the domincnt cc.tion in ;::11 the soils 

stuc1ied. The weighted average v21ul:s showed n v~ri'.tion from 

12.50 to 15.96, 8.87 to 13.04 and 8.38 to 12.48 me/100g in 

high nltitudo, v::tlluy bnsin nnd k:::.rewa soils, rc.spectively. 

It w::t:o: comparat ively bigb"r in high altitude soils. ThIS 

kar8W::l soils were relatively m::>rc e"loQrl:ous wm ch dn nat 

synohroniz8 with the oontent of Gxohnngenble Cn pr •. smt in 

those soils c.nd may be ::,ttributcd to the pr0SenC(; of inert 

form of nodul"s ' f lime knnkar. 

Exchange"blc Mg varied from 5.62 tc 9.51, 4.95 t" 

7.58 <'.nd 4.69 tc 6.20 mcJ100g in high nltitudG, vdlc:y be'.sin 
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rn d k ar ewn s oils , r Lsp l L!tivlly . P r Ls en ce. of <~d LqU C\t L cln t~nt 

uf l:xch c.ngu::b l c Mg si gn ifL _d t hL pr LsLnc L u f chlc' ri t .:. Ul(] 

d c.gr ( d e.d i l .Lit ., i n t h .... s c: s o ils . Th ee ,):c ;1" n ge.c,b l" K v . riLd 

f r um 0 . 31 t o 0 . 81 , 0 . 23 t o 0 . 40 ~nd 0 . 23 t L 0 . 52 QL/100 g i n 

!ugh nlti tu dE: , v :l ll ey b ::- s i n nnd k [\r E:~l n se i ls , r ,- s p,-ct i v c.l;". 

ThL so i ls s tudi Ld WLr ,- :1dLqu c.tL i n cx e h nn g cr:bl ,- K C( nt e.nt, 

t :1" h i gh a lt i tud e so i ls h av i ng r c: l clt i v \.. l y highe: r c..:nt e.nt t h~:_ 

t h,- so il in o thE: r z cne: s . It i s att ribut Ld t " tll,- pr ,- SLncL 

o f iEit e: el e.y mi ner a l in t h \.. s c s o il s . SimilC'.r r ,- su l ts \,kr ~ 

" bt cinc:d by Tdi b ('19 73) "nd Cupt :-, ct o.l (1977 ) . 

5 . 1 . 4 PLdog en csis : 

The. s t ud i e s un s o i ls .:::f Kr shmir ( Ho n , 19 30 ) r " v e.-l"c 

t h"t t he: s o ils d"vlIGp, d under de:0 d ,' r nnd b lu e! p i ne s h. Vk C 

pod zll c i1r r~et e.r i sti e s ".nd the Se. und ~r d e'ed~ r fr~m Dr.t vt e 

r ,".l1[L (J cJllf!1U divi sic,n ) r Ls l:lnbl .... d br uvll1 u:r t h s . Rryeh~ud!lUri 

cnd GL v i ndi' Rn jnn ( 197 1) c 1 2s ~ ifi (.d t b:m i nt c su b- m"nL;:nc: 

soils . Scil survey Cc nductLd (Iy c r en d Dutt ~ , 1982) i n 

P"hru e r t chme:nt (.f t.i' shmir r ,- v e:c. l e:o t h~,t v lgcc C'.t i n \ 1 s the. 

d omin ~',nt s oil fL rmi ng f ;' e t l r i nflUEncin g s oi 1 f " r m-t i n i n 

thLSl s o i ls t hrwgh thL pr e. CLSS L f lne. l nn i z ,· t i n . The. pr 3dl, 

stud y \,hieh vrs e, n fin,- d t L t he ou lt i v~t , d l en ds d i d nJt 

l bSL r v L p~ dz l ic type l, f s" i l i n t h L hig h nltitudL z I'L . "'" 

s0 i l " \'iC. r L Lb s e: rve.d t v b L und Lr t hL inflULn(;~ f c h m' i. r" 

vle~t"t iG n .. ::; t he: d lstr i but i n f r r, :cnf -' l l / snvwf -:ll f - V'.l<I' 

l e.(' chi ng :>nd i1luvi"t i e n :,5 w~s r Lf lc. ct c: in t h_ os,_ rv, rj 

c l<,y cu t 2l1 S n pud f;· e ~ s . Di s t i n c t l y f i ner t extu r e. i n sue. 

surf ' c e h r iz _ns fu r the. r supp, rt l,d t heSe. bS Lrv"lt i _ns . lr. 

::\ f- i rly wc; l l de. v ~ h pe.d s t i1s ,~,S :', r~ suJt f pe.d, gc,t1ie l r CL':.J 
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the clay cont ent increases with de~th so as to att aln e 

maximum and then decrease until it fur'ther remain constant 

or com~letely disap~ears (Barsi1ad, 1964). In the s-,ils 

under investigation the clay cont ent increased from a minillulll 

at the surface horizon to a maximum value in the horizon of 

maxinum accullUlation of claY. occuring generally within 

90-150 crr • 

5.1.5 Classl!icatio~: 

The soils in the high altitude zone (Table ']7) WE:re 

predominantly Mollisols and Alfisols 'IIith Argiudolls and 

Hapludalfs as dominant great groups. The higher content of 

organic matter ~resent in these seils has imparted a dark 

colour, a criterion necessary for Mollisols. we: to the 

illuviat ion of clay, a 'IIell devclo~cd B-horizon w"s observed 

particularly in high aIt i tude Sf i1. The SJils in the valle:' 

regic-'n are generally classified as Alfisols (Hapludalfs, 

Ochraqualfs) and Inceptisols (Eutrochrepts, Dystrochepts). 

The soil" in this zor.e 'IIerL both of old and recent o.lluvium. 

Pockc;ts of Udortilcnts wer", also existing in thc area 

~articularly on the lands 'II~th poor vegetation (Iyer cnd 

Dutta, 1982). The soils in the ko.re'll2. zone fe;ll under 

Alfj.sols "ith Heplud2lfs, the; mc,in great group. Hwdoo 

(1983) also clo.ssifie;d the Kashmir soils into simili':r 

taxonomic units. 

Mineralogic <:1 studi os: 

I'ctrogr8phic stUdy of sMd fr:)ction of soil: 

The sand frr:ction contains m2.inly prim8ry Qnd 

aecessary minere.ls derivC'd from po.rent rocks by th~ proet2ss 
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Tab l e; 1'!. CL:.cssi fic"t ion o~ soils :fro m l. F\ s hl.l ir 

- - -. ----- ' _.' -~---- -~-----. -~- .- . 
Loc ~t ion Ord er Sub-order Gre&t grou p Sub-g r oup F' nr.1i 1 y 

,---_ .• _----_. ---- ---- .-
Hig h Al h tudEZ _§.o_ils 

P 2h n l gnm Alfisols Udalfs i-!aplud nlfs Typic Hopludnlf s Typic Hnplud nlfs cl a y ey mixed t hermic . 

Lornoc A1L.sols U d nlfs Hnp l ud a lfs Typ i c Hap ludnlfs Typic Ha plu d o.l :C s claye y mixe d the rmic . 

Sonnr,lnr g I'i o lli sols Udolls Argiudolls Typic Argiu dolls Typic Arg i~dolls cl o. yey mix",d the rmic . 

Gulmf\r g Moll i sols Udolls Argiudolls Typic Ar g i udolls T ypic ArU. ludo lls c1 e.yey mi x e d t h crl:lic. 

Chnndi g:1111 Mollisols Udo lls Arg i udo l ls Typic Argiudo l ls Typ ic Arg iudo lls cl ny c y mixed thcr r,'ic . 

Vall ey .•. Bpsin soi l s 

K hud vn::.ni Alfisols Aqu 21fs Ochraqu nl f s Typi c r chrQqu ~lfs Typic Oc l1r oquc.l f s cl a y ey mixed t hermic . 

Nunar Alfisols Ud a lfs Hnp l ud nlfs Typic Hnpludal fs Typi c H<::p ludalfs c1 2yey mixed t h er rnic . 

Shnlirnar Alfi s ols Ud nlfs Haplud21fs Typi c Haplud['lfs Typic H2plu d :::l fs c lcyey mixe d thermic . 

P['..dgnmporQ Incepti- Aquepts 
sols 

H<::p laqu ept s Typic HF\p laquepts Typic Hnp l aquept fin e silty 
mixed t hermic . 

H o.ndwnrc~ Inc epti- Ochrepts Dystro- Tvn i c Dyst r - '{'ypic Dystro c h r epts fin e silty 
sols chrepts . ochrGp<; s. mixed the rmic . 

Karew a so ~l~ 
T a par Alf i s ol s U dalfs Haplud s lfs TypiC Hap l ud a lfs Typ iC H~pludalfs clayey mi XGd t her mic. 
K. D. F'nr m Al fiso ls U d a lfs Hap lud c- lfs Typic H~[Jludalfs Typic Hnpludalfs cl2Yey mixed ther mic . 

:' ('JI1pore Alfisols Udalfs Haplud a lfs Typic Hn pluda lfs Typic H~plud "lfs clayey mixed t hermic . 
Koil Alfiso ls Udalfs Haplud ::,. l f s Typic Hnp luda1fs Typic Hapludc lfs fin e silty 

mixe d the rmic . 

------.- ."---- --- _ . __ . 
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of ';iC:o.t h~r i ng . In su bs equ ,-,nt st c:t'c.s of Eoil dev(;lopnllnt , t, 

w e~t herobl c minL'(c ls of t his 1'r ; ct ion unckrgo ~Jhysic~ 1. 

commi nut ion ~.nd che mic " l de composi t i on GnL supp l y t:,C r c.;'.ct 

compon('l1t of t~1e soil m2t (.:'ri 2.1 fo r t he ';l0othc ring r c'(".ct ion 

l~t 

rcsultilig i n t he g <..:n es i. s of SL cO:ld , ry mi n erols in the soil. 1c 

r osistc.nt mi !lG2.1s of this fl' . ct i on d.:: t er mi n c the. un iformity 

of pnrent mrt crio l down the profile 2nd the: source of p-rcnt 

m:-.t er i.r:L Th", eflect of vl e •. thcring process on the. dis i ntq;r •. tiJr 

rnd dl s appec.ronce of miner D. l!} ;'wl th(; formot i on of ne\~ 

s eco nd~ry mincrc:ls is " lso influen c ed by s2nd mi n ",r"logy . 

The studi es on s o.nd mi n ernlo gy r c. v "nl ed thd t h .. l .'Ght 

mi:l2r~\l s cOl1 s t itut "d 96 t o 98 per c en t ~lnc1 hec.vy mi ner;-.l s 

2 t o 4 [ler cen t of t o t o.l sand . The forme r f r r' ctL n 1'1 . s domi!l 't _.,: 

by quo.rtz , fe l d sp a r \ p12g ioc l 2sc ,Jld ort hocl Rse ) rm.ls cGvit ;:; {·m' 

k20 1in : n c1 the l Qtter con stitu t Ld b i otit e , m,gn "tit c , o~';-.qu,~ 

miner~ls , tourmal i n e , ch l orite , 2.ug i t e , hornblcmd(; , i l monite m" 

zircon . 'lhe mi n er a l "ssc["b l p,gL observed i n these se ils r efl ,:ct.(' 

closely t'1c compos i tion o f the m,.tomo rphic p:.rent roc k s \'Ihich 

2.r e usuo.l ly r i ch i n tnc s e 2c eess C.r y mi ner;, ls . Th Ee lmport~'nt 

fe2.tu.ros 0:.': v o.1' i ous l ig.lt 2.nd hG:.vy mi ner2.1s ,s obs erved un " cr 

2. lTJ.cros cop,-, Clr :' dcscrib(;c1 b e lovl: 

H:!:.g)":.. . <;~ t:i.:.~e __ s_o.i_ls ; 

1. .ouo.r:! .z. : From th~ consid ,·r at i on of the pnrcnt fllr.teri:'l , 

gne i ssc, s ,'no sch i . ..it s \'ihich com:~~i r. qu,~ rtz i n ::.p~' r ".c i:· bl c 

2.mour.t s, th~ h i gh content 01.' qu·-r tz in salc1 fr!:ctior, is c·p .. ct ___ 

CDC is bH'csent i n t hL: ordd' c,f 55 to 65 per c0nt in t.lLS; so~lE: . 

It IV' 3 obSLrv2d fro m 2. plotro tr~rhic s tudy th:--t lju~.rtz gn 1,-,5 

wen. hec.vily s t2in Lc._ rt1u he (j v~-rying S;l;:C[Je.S ,. sub:'oun" ~d to 
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sUb-c:ngulnr wi th coloured i nclusi ons . Fresh round ed grc,ins of 

quartz "Here obs ervEod in Lc:rno o <::nd P ah31ganl sOlls . Hi.ghl.r 

cont c,nt 01 quurtz and f e lds\? ar wer ~ \? r esent ;in Gulm2rg somp l " 

which may be ntt ribut ed to the pre sence of cong l omer ate: -

granite r ocks . 

i i. Felds par: T he gneiss and schist s 21so cont ain appre Ci3bl. ~ 

qu antitie s of plag i oc l nse nnd olbite . The occurrenc e of t hu~ , 

miner nls in mi no r quantit i e s ( 18 t o 24 per cmt) i n fine s::md 

frncti on of this zone i ndicat e their br enk down end transfor­

mat i on i nto clny mi nercls . The wE=atheri ng cond i tion of the 

soi l in qu est i on is neut r 2.1 and as a consequence of which t he: 

a lt er at ion of fe l dsp o.r group i s r e stricted . T h.e IN eath.ering. 

hos of fe cted the more suscE[ltib l e vc.ri ety of plagioclc.s e . ThL 

fe ldsp2r graiDs ware observed t o b e r~ lnt ively small in siz e 

than quartz , had r ectangular to p l aty shap e 2nd VJerc light gr ey 

to yel owish co l oured . 

iii . ]'·iuscovi te: I"1u scovit e mica gr 2.ins wer ", [lr esent 25 thin 

pl aty f lake s and wer e gener Qlly coloured . The distribut i on 

of muscovit e was uni for m and vari ed betw ee n 7 t o 10 per cent . 

Kaolin and microclin e wer e 2.130 pr e s ent i n small amount s . The 

pr"sence of npprec i 8ble: quantity of mi ce in <'.11 t he saInp10s mC\J 

be r clnted with the form at i on of il l it e- in cl8.Y f r "ct i on . 

Amongst t he he avy mi nerals, b i otit 0 ( about 10 per cent) 

pr c:sent in a ll th,.s e SOils , was light br own to do.rk brolm witl .... 

cleov ed f l nk es which exhibited pl eo ohro i sm from light to dC\rll: 

brown . Augite rmd honrblende wer t. most ly dark bla Gk 2nd or dC.rl·: 

gr E=cn in colou r md were \?ri smatic t o angu12.r in sha[l '=o Chlori~ c 

grains wer e co lou rC:d , roun ded o.nd constituted smal l amount of the 



fraction. Zircon, tourmaline and opaque minerals WGre present 

in rclativcly higher quantity and may bc attributed to the 

parent rocks. 

Valley bc:sin soils: These soils ha'!rc resulted from alluvium 

deposition by major rivers like Jhelum, Indus 2nd their 

tributetries. From a perusal of the dc,ta (Tetble 7), it is 

observ8d th2t quartz, feldspar, muscovite, kaolin and 

microcline were the principle light minerals identified in the 

sand fraction but were pr'2sent rela.tively in less proportion 

than in the soils of high altitude zone. Quartz and feldspar 

were the main light minerals and constituted about 60 to 75 reI' 

cent of thE: fabric. Quartz gre.ins were sub-8ngu1ar to sub-

rounded \~ith colour8d inclusions illdicding their rc:cent 

deposition. Muscovite, kaoline:: und microcline \~ere also prlOSCh 

Amongst the heavy minerals, biotite, augite, chlorite, 

tourmaline, magnetite, ilmenite, zircon Lnd opaque minerals 

were the main h,co.vy minerals present in this zone. The OPo.ouc 

minerals, zircon and tourmaline were relatively less, may 

be becc:use of thl? alluvial l)ature of the zone. But biot it e, 

augite and hornblende were slightly higher thM in high 

altitude zone. It may be attributed to the youthfull D<,ture 

of the soil profiles. Biotite I'IC-S present DS light brown to 

dark brown with cleaY'ed flakes and generally exhibited ir·"d 
+. 

stlain3 wlliah Qould poasiLlJly be clue to .. cxid:o.tion of Fe .,.. The 

he2.VY mineral o.ssemblQge suge est ed changes ',f provon2nce duriy,c 

t~e deposition 'of fluvial parent material. The minerall1gico.l 

mak'2 up of th'2se flood plGin soil suggested en influence of 

metnTIlurphic 2nd !lcid igneous rr:cks. 



K2r.s".!.<l_~l s: Kar ewa soils which constitut e roughly h olf o f 

the v all ey area, arc l acustrin e depo sit s and lithe l cg icEXiy 

consist of blue, gre y and buff silts , sand partly comp c.ct ~d 

cOr'.gl ornerat e s and embedded morain e s . 

Quortz and f " ldspar Vi er e the dominant light mi ner'ls 

end vari ed from 60 t c 75 per c ent, [ no lin, nuscovi C'" 'lIld 

nicroc lin c viere also pr e s ent . Augite" bivtite , c hlurit e 

constitut",d 20 per cent rUld gnrn et , ilmenit e :md mc:gnct it e 

c onstitut ed 10 per c ent Gf thE heavy minera ls . The p.:;tr'ogrc.[J hic 

anolysi s of f ine s end fr actions f or thi s zone did no t r ev e',l 

any signific ant v ari ation which may be due t o similar cculi:.g ic 2L 

f er-met i c n ~n d environment prt:vailing in t his zone . 

Gupta, et al (198 1) r cport \=d qu ortz , f~ldsp ar and 

nuscovi te mic o were' t he mai n light mi n cr21s and the heavy 

mineral suit e we s domin Gt ed by fe rru ginous miner~.l s f,-, llO\~ul 

by biot it e and amp hi bole group of miner a ls , cp id Jt e , t currnc.linc. 

nnd chlorit e in s ome Hi mochal P r adesh soils . Roomi':: l ond 

Garralnpuri ( 1982 ) r eport cd thot quartz , mica, chLri t '" r no 

f c ldspnr and heovy r p.sistant mi nerc.ls such a ~ tourm. lin" 

gamet, z ircon , apatit e , gypsum Vie r .... present i n Indr Gr,ng_cic 

a l lUVi a l so ils . ThE:. prcs "nce of illit e cmd c hl or iT.: .... \'i' .1:; 

r e lated t e nuscovit c , biotit e 2nd chlor i te found i ~_ sL'nd 

f r a ct i ons , Whil e? Vlorki ng on ILshmi r soils, Dut, u (1 960 ), 

Kanwo.r [tl1d Rey chaudhuri (1971) r " port .... d '~ lIJGst l;il~il'r mi r, 1"1 

,ssemb l nge nnd concluded thC'. t inflU ence; c. 1' r.h.. tWGorpl1ic I'c ck e 

on t he. occurrene ..: of primary minerc LS vi C.S quite cor:spj. cu o\..c 

in Kc,shmir soils . 



5.2.2 Clay mineralogy: 
i 

The determination of the mineralogical composition is 

essentic.l for a complete elucidEction and cl.:W behaviour 

including characteristic electro-chemical properties of the 

soil system. A knowledge of the nature of clay min8rnls is 

essential for complete information on development and genesis 

of the soil ond to determine the source of pnrent materinl. 

The results for cl::,.1 minerals of thE. selected surface and 

sub-surface horizons representing the three zones, 2S was 

obtain0d through physioo-chemical analysis and X-ray 

diffraction techniqu~ are discussed here under: 

5.2.2.1 Fhysico-chemical analysis: 

The c[,tion exchange cc:.pacity as well 2;S the p2dogenic 

oxides of clay (Table 8) were used· for the: identification 

of cloy rninere.ls. It is observed thd cation exchange 

capaci ty ranged from 36 .42 to 44.81, 28.36 to 36.42 cond 

26. L'0 to 36.48 me/100g in high altitude, w\lley besin md 

karewa soil clays respectively. The higher CEC of th; high 

altitude soils may be related to its higher content of 

org<:.nic mntter 2nd the type of clE\Y. Th2 CEC for chlori k 

has been indicated to vary from 30 to 36 r<le/100g (Martin, 

1955) and that of illi tc; between 10 and 40 me/100g (Grilli, 

1968). According to these standrords th0se soils nlny, 

therefore, be considersd dominnnt in illi to and chlGri tiC:. 

Higher CEC obsE:rved in some of thc soil clnys, n:ny be 

attributed to degradt.:d nature of illite e.s the CEC of dcgraduJ 

illite is reported (Gupta, 1968) to be betweE:ll 41 tc 65.8 

me/1OGg. ~,cny workers rcportE:d thl: simiL'T v21ucs for 



silic' co!t~nt show ~d r v r ri ~tio n fror 42 . 45 t v 46.52 , 

41 . 6c. tv 44 . 80 c-nci 41.46 t c 46 . 52 per ce.nt in s o il clc-IYs iI',,., 

h i gh ;:clt itudc , v ;,llcy b;'sin -·nel l<:aru'! c s o ils , ri..s pe.c ti ve.ly , 

The; i ron ox i de (FC :?0 3) v r:ri~d from 11 . 92 t c 14 . 42 , 1,~ . 62 'C, 

1'-' . 25 ;c, d 11 . 94 t o 18 . 42 per ce.n t i n high ~ ltitude , v['l...q 

v---ri\..d ::rOfT"; 20 . 26 to 22 . 42 , 2 1 . 4c to 24 . 4 0 enu 

Al?O-. cont_Lt _ J 

22 . 60 t o 

",1cl k"r"wQ SOils , r .. spcct iv ... ly . The clcy S2.filplcs fro id t ,IL 

study :T~[\ c ontain ed ~'nir ly h i gh cont~nt of \<. ..,0 r2l1gjng ire!. 
t. .. 

3. 36 to 5 . 76 pe r c en t , 3. 35 to 5 . 52 pcT C nt : n j 3 . 8b t o 

5 . 36 p er c ent in hig h n ltituv8 , v n11cy b'.s i n 2nd k nrL!'::" soil 

clrys , r,.sp,-ctivl'ly . Potnssium cont ent of soil clayS h's 

be. n us~d for d et ermi n i ng :ct:- prox i nc tl. content of iL it c. 

(S,rk:r rnd K"j, 1973) , Gri m ~.1963 ) r ",po r Ld t hr.t r .. p CGilt .r:t 

of illit e may ilve:r,E,; tlJ 6 . 2 pl.r cent Jlel on th e. be.sis of 

v~ 1 1cy b ; sin "w! k.~r .1[' soi l s , r ~spl! c'{;i\',-ly , cic.noti r,g t.l , 

do';.inrDc ,,- of il1i t e: o The pr " s cr; ccJ of c ic -. LspLc i 2l cy 

muscovit e. in th~ fine s end fr" cti n <.lm supported l" ..,.- c 
v ~ 

~.bout the. [. sPJnir soils .. Bis··,,, 5 , 1961; V:-r.-drcn , 1,,69, J':li 

197 3 :.nd GUpT.,", c:t n l , 1SBO) . 

Fio l;:.r r --:tios: Th. lJl. l c;cu l::cr rc.tics Ol' 5ilic:- iiLSqui oxir, , 



Silic i' SLsquioXid c rGt i o (3' ~ Thl' r' .t i o v-r i~d 

from 2 . / tIl 2 . 7 , 2 . 1 t o 2 . 9 cmel 2 . 0 t c 2 . 2 in high ~ltitUiJ,~, 

valley b"s i n <e nd k , r0VJG soil cl~ys , r ,_sl'cct ivcly . The r GDgl' 

of 2 to 3 ,'S obsc:rvcd in t lksC SOilS i r,d ic ,-tcd (Ukil ~t "'1-'-

1941,) i nt,.r l'WLI' c l c:y miner •. 1s of 2: 1 ind 2 : 2 type i. '_. 

illit L u1d chlon t .;, . But S"rk~r :-l,d R:::j (1973) ,ttribut._d 

tho r~t io of 2 :1 0 3 to :::dmixtur, of iLLite , chlorite. , 

k('ol i nit c 2nd montmorillonite , Sir:li l"r r ,-t i os wer :-J.SG 

Sili c8 C\ l uminr.: r c- tio (~".:.. A12C;) : The silici' 2.1Ulnin:o r --oic 

r:lng d from 3 . 2 t o 3 . 9 , 2 . S' , t o 3 . 5 ,'nd ~' . 8 tu 3 . 2 in t:k 

soil cLoYs from hlgh c.ltitude , v~ . lley b:-.sin ~nd kcrLl12 , 

r espl!ctively . The v21ul!s 2rL i n the r QngE: of 3 to 4 IJhich 

VJ~S :::scribEd (Gri m, 196b ) t o thc pr L'sence of illit e ",nd 

r",p llrt cd the s i mi L:r v, l u s fo r th, K shLli1' soiL 

AILlmi n c, - pot:lssium rC.t io (h. I P3 : 1\20) . Th2 nlumi llL. -

pot,:ssi Ll m r 2t i os v r i ed f r om 3 . 5 tv 5 . 5 , 4 . 0 to 6 . 3 c.nd 

4 . 3 t u 6 . 0 i n hig h " ltitudc , v ," lle¥ b:-.sin ond k~rl:wc. soil 

cl:::y s, r"spccti vely . These r "t iOs sugg \Cst cd thL pr LS,,!lCc 

of ill it 2 and jcno lini tl! ffi1d wrs in ng r eL.f1l!nt with the 

fi nd ing s of BiJlW 2.S (1961 ) , Tdib (1';73). '.the prcSLnc~ of 

mic ,' especinl ly rnusCf'vi t e in t tL f i ne :.:'-nd f r e.ct i on i'lso 

sUPlJo1'tod thl: prL'sence: of illitL in t he:se soils . 

5 . 2 . 2 . 2 X- r 2Y d iff r :.ct i on studL::s: 

Ill it e , chlorite, vermiculit " , Ji:201init", 2nd int cr-

str~tified min e1' n1s in the ord e r of pr _dOITli n:,ncc: were t he. 
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rlIl~.in cley mindels (Fig. 2) identified through ;.-r2Y 

diffrc'ction in these soils r,nd v: riLd in proportion (Teble 18), 

Th" non-c12Y mll.t"ri:-·l i. '_. qU2Ttz N1d feldspr,r could nGt b" 

identified 2nd may b0 present in tr[1cos. Th.:: pr,-,S0nce of 

orthoclase. felds!;l2r (Tebl,:, 7) in iin,c send fr;,cticn of the 

soil ;--nd its :cbsencl; in cl,--y 1'r: ction (T2blc 18) cl'::2rly 

SUgg8st th:t f,"ldsp2rs arc wCCtthering U\lch frstc:r 2nd ti1US 

relucsii!g, cmong Oth01' K in ti1 ionic environment of the soils 

Since quartz lend feldsiJ·::r constituted the bulk of light 

minercls fr:cction of the fine s:'nd \!Iith rel;;tively less nice', 

it cc.n bc s.-::f,-,ly :c,ssum d thr-t bulk uf clry mincrc·ls c.rc' 

secondcry formntion from qU2rtz ~lnd f",ldspar :"s tll-:so cennot 

directly transform to lo,yer silic:ctes without undergoing m(~jor 

structurci chnnges. The n.::cessr-ry c[,tionic environm",nt for 

th<cs,-, socond:CTY form",tions is provided by the: CCl,stcnt c:xcl'l::lnc( 

of the surrounding solution by the: o2tions h(;ld during tho 

we::othcring of mincrels present in sc:nd c.nd silt. Illite W["S 

inv::ri::, __ ~ly the; !;lre;dor;,in:~nt clry r;liner::,l in :cll tlk s~,mplcs 

studied. Thc dominnnt prssence of illitc· in cir:y s~.mpl"s h:-,3 

b~"n r"portcd to bc: duCo to dcgrcdr,tion or hydrolysis of 

nuscovite: <:md biotite (B",,~r, 1968) 2nd due to p,rtinl hydr01ysi: 

of feldsprr (Jvkyer ;:,nd HemlGY, 1959) pre:sLnt in s'-',nd fr,'.cticr,. 

The much,:.nism of illite. formction from fe.ld:JPrr is rc.portt,d 

to be: the. result of met c.moq)hic procc:ssc:s (Reich",nb['cch :md 

Rich, 1975). Hydromic::: mo:y ,150 orisinctc [Jrim:-rily by 

inheritcDce from pC'Tcnt rock or n!:::y bc formed in soil. rh~ 

Pctrogrorhic [,.D,'llysis of th,- fine: snnd fr::',ction indio:.,t~d ti", 

presence of feldspar rend muscovit. in higiwr proportion th:-n 
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the: p~r~nt r o ck <:llso . Thl trc:ns f orr.lct i on of f ud sp . I' i: .tG 

Alt c:r <-·d K f c: l dsp cT - sLri c it zcd [;l i c'": in f in~ s:mci -

by VC:l'mc. ( 1979 ) fGr Hi m;-. c llc:l Prc,d<-sh saL Ls ' md 3~rI.:~'. C.tl el 

Si diJu (1982) fo r c.lluvi c. l so i ls of I ndi o. . AS r '.i?" r :':; t 1 .. 

n r'.t ur..: of ill i t e , i n mo s t of the s('.mp l ,. s i t w. s i"O ... i.,; ~s 

duc; t o hig:--! r c< i n f :-: l l / snoVJf:' l l ('.nd ,.nvi r onTncnt;-l cc"d itic'n s . 

ehl e r it c con s t i tut cl t '1, nc>xt prLdomine.nt cli'Y 

J~: i n"r21 and :0.8 pr e- sent i n ~ll tn.:: s ,~rnp les . ThI..- s ,r.;re L: s frv: 

-L -.rnoo , Cho.nd i grtD1 , NunLT (05 150 CL) .. ',. . 1.) . F i'.r:.1 :·.nd ,:>l .)C 1~ - . 

conte. i ncd r LL ::t i ve: l y les~, -.mount of c h l ori tee th: n i n tll~ 

of prir.1r:.r y mi ne r c.l chl or l t c: pr ",slnt i n th e gr :'Jli te. gn-.: i s s 

p'T0n t r c, cks 2n d schi sts found i n t!1Lse soil s . It J;;cy :ols(' 

he v<- fo r m .. d f r o[;] ;::ltcr[';t i un (·f Cre, l'ig ~:~cl F e' r~ c" priLl: r~ 

mi n e r a l s lih:c c:ug i tc , b iot i t ee end her~1bl c>nd" . 1t. otLlX 

:,11 tl1 ~ sClm) l es i n r~ 1 2t iv ~ ly l Lss pr opGr·c i ·:,n . :j .. v.rr l 

[,<- ch,'nisr.1s , m;::y b e: pu t fo~t f or it s t:Lv ~ lopmLnt i n tll<-SL 

soi.ls . ( e) thl. i lli t o r Jui c - t r,:n s forus to v Lrr..i culitL ul1J~r 



;JocLrc-,t" w e.t"th~ritlg conditions (b) t 'L tr~nSlorl:i:' jen 0.' 

Cl110ri t. :':2.y l ",:,d to t h\.. g ~,~" si s of v ri~.iculj t, by t L-. 

,-xcll2.ngL of 1'lg from brucit \.. l :-yer '1-111. ,GH )2) 0 t: ';1 t :"ri! 'i1. 

Th,. c t loritc: p1'LS(;n t in t he.:' soils r.icy 'lsG t r ' .,sIon" tv 

vL1'miculit, . Gi lJ, \.. s end Little (1':)72; pustul.t~d tl.,t 'C:. 

cl,.gd1'l1' ~t ion of chlori t\.. mi n\..1'~l int o ve.ri'lj,culit by 

bruc.it" LiY r . Kc.o l.inlt c t-rs the next .ililpori: -~t clc:y I.,i n .... , " , 

V1: • ..:1', Ir~~ C~CO 3 biGS pr es ent. AcccrdL,£! t o GriT: ,19G8 ~ , 

[;lillo t ~ 1970 ) th PI'. SLnCL of C:-C0
3 

blJcks t " Iorr.,-:t i v, 01 

k'101in~tc in soil' s u ntIl the C rbc,,"LS h~v. b~_n l ,'c,",,<:: Ol,t . 

h~ving frL.o C:1C03 could bl .. x[) l:1i nLd Lit (jler due. to its 

i ll l10rit '1n cL fror:l t h [),'1,r"nt-:l rocks or du e to ttl" ~lc.po siticL 

of :"lll'vium so il c :,l:T~'inG tn.' s minLr21 . S ... hgrl (1 97L,) c:lg1 

r\..porte.d k ::tolinit in r c ... nt ,.11uvi Ct1 soil due. t o i nhe.rit:-,Lc~ . 

It "l~.y 'lso b e. forr.,-:u through t:1L 1,v u:t:,c:ring of I l clsprT or 

mi c e', ':s: 

',r~ compl~t,-ly brol.cn i n cours of t .ll.1i.. [l1l: b: ,s ... s l i i,. K, :e, 

l' r , 1 .. ·",",'0' ·,,·'ll2, " h t · t' ' 13+ n. 4.:. F 2+ 0" -~ o. ~rl~' ~ __ .... .:::: ... w _ .... r :-'. C \'Jl.~.M. , ,:;1 , ' ,_ , t. 

f iy nf rL:c to collo i cl'· l [,f'&r"l;, t s th"t c1'ysb~lliz. tCJ 

prouucL cl;:y min,er-ls i.j' i n l y ill H l - nd hi o lin:i.'t" , \ b) S-n. 

intu,'lsi V I..' \JL ,-t h, 'r ine Lnvironr.'Lnt , "J )" n Di e:, w('r'.tI., rs , ! i~ oJ 

gr~du!:'.lly r , pl, c .s L+ ions' nl.. I'lin r':l" bLco,;. s lly1r' t ,~ 
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formine hyd r ous mi ca (B :,.t LS , 1960) u ltild".t" l y p:'3si ng on to 

lc~.o lini·i.L . HillL t (1 '.170 ) sUg':LSt Ld tjl~.t ti k g~n~ si s 01' c1":' 

tr~tlSfOrm2t ion end nLoforril2.t i un dUl to I'I cc.t hur i llg . I t is 

prob:,.b1" th:t t iL pr~sLnc L of k ,~ o linit ~ in t ilL soils und_ r 

inVe ,·ti:f2t ion \1 ~ S Il'~:inly du~ to i nhLri t2J1C~ IL m t:l~ V I' Lnt 

Ll['.tu'io.1 . llhi1 L \vork i n g i n sou,- North :kstLrn Ind i :;n soils , 

Sdlgo1 and De Connik ; 197 1), .:)chS::tl ( 1973 ) r~ port _ei th~ 

prLsLnCL of ko.o linit~ i n l~s-i ".JiIoun ( s 2nd '1scri b,.d it to 

i nher H :;nCL , ThL i nsitu fonT-al ion of k r:01in i t ., is ~ttribu.tL~: 

t!-n..ls cr ~r:tLcl dLp 1 d i ng ,-,nvi ronmLnt fo 110\'1<.. (1 by di s5l 1utie!: 

of s i lic'). ['Del 1·, .... ncL f~vourLd tile fOrr.l~t i o)1 of 1: 1 c1.,1' 

ntt r ibut d to l';1()dLr" tL \vLnthL-ri ng procLsS~S go i ng on i n 

U'L,"\ . Thougll ko.olinit~ nJ:;y lJ~ fo r r.', ci fro!:! f_ldsp~.r t!lrO''f.1 

formed by n '-,o synthLsis f r om tl1~ pr oducts of hyJrrlytlc 

prLGLijC~ of ii-t~r- str:;tifi ~ 1 r..in .... r".ls ir: tlksL cl:,y s' li.pl.3 

I:1o.y bL 2.scrib l.'ci to thL trn.nsforr~,n.ion of pri.,· 1':' phyl (.si-

1icntLs ,mi c' s ,:nc ch l ori t L) . "-o.nllom int . r .-strrtifi.d 

m,-.tcr i :-. l of ill j tL - slTILct i tL , s!:h,cti t", - c!110ri tL Dif,:l 

bu tl.L r_su.Lt Lf " lt L' rt i on G';" thL pr~- _xisi.ing Lic" -:,r' 

illi tl. . On th~, bc.s i s of physico- C!-.L!,.icr.L ",n.--.l~'sis . 

X- ro.y el i f:t' r "ct i on , i t m,-.y b~ inf~rr l.cl t!.ct il-ic e folw"!_'.' 

by cil10ri t~ constitut d t l1~ pr~domi ni"nt cl,"y I"i n",r:;l i n 



th"se. soils . Vl.:rmiculit ,- , k<,olinit,o ;:nd i ntLr - str"tifi c.d 

miner~ 1 3 I1 Ur L olso infLrrl:d to be. pr LsLnt in t h" soils of 

K2shmir i'l';::blL 18) . 

5.3 Po t.:::ssJ ,t,!.m .~l:!£f?l.ying c .:::poc ity; 

Potass ium i s onL' of th~ mc:cr o- nutri Lnts ond usu,~l y 

i s pr . sLnt i n plc.nts i n qUc.nt itiLs l ;:rg~r th;::n thosL of '.ny 

min"rc.l nutr i Lnt dc-rivLd from soil wi t h th,- \cxcL[ltion of 

H rnd n. Potnssi Lm is .::: r,. L::t~ve. ly '1bund".nt .:::nd Ivid"ly 

di stribut _G cons titu"l1t of thL surf "cc rocks of ttL e.,~I'th 

mc:ki C u p ,m ,.stiril"te.d 2 . 6 pl.r ce.nt of the. "r,rth crust by 

I'kight . 1'hL K cont l.nt of the soi l s of tiL v~rious re.:ions i~ 

r l ~.tl.d to p;::rc:nt r:lC,t r i ;:: l 'n( th L dc:g r c.. of 'NLc:t:'LrinF I 

5 . 3 . 1 Forms .::ncl..-9.~~tF. i bllt ion of pot,ssium i..!l_!lk soil: 

floil pot -:ssium i s 01 t"n d ivi d"d into thr"c. c['t~&Orl'_2: 

non- eXCho.ne, ,.blL , Lxcl1.:::n[,,,,'ble. 'nd vJ:'t,.r solublL . It i. 

ir:Jpo rt .:::nt to knOlv th,. r",gni ell L of diffc.r Lnt fan,s of K for 

n propL'~ c.p p~·c.is cil 0 ~ ql"ntj t :: f'ctor contribut~d by 

diffLre.nt [arms of K . BLsicks , it giVLS '1 picture. of til" 

potc:nti"lity of t ll~ soil with r~sp~ct of L- supply to cro~'3 . 

A pcrus::-:l of th,. d~t~ I,Teb l c. 12) r c. v" c.Ld th-.t ~h" I'Ie.igLt_, .. 

~v~r:~.gc. ve l", ,-s for ,;:te.r soluble. K r-.ngc:d fror,; 17 . 62 to 2'1 . 3::., 

13 . 04 to 17 . 66 'nd 11 . 06 to 17 . 16 PP!'I i n t hc. solls fro 1,; h':',,'l 

.:::lt itudc , v,llc.y b"sin ;:,nd l( crL'.!"1 ZOtl" , I'Lspl.ctiv,.lj . 'I'll 

corr lspond.i.n" v:'lu 5 for c.xch,;n2l.'\bl~ K v' ri ~u froE, 93 . 1:- tc 

111 . 43 , 78 . 70 to 92 .50~n': 71 . 16 to 84 . 16 ppr:! jn t:L::;. ZOkS . 

Th,_ contl.nts of rV",ilcblc: i' ( w'tl.r solubl.. ~J1l' c.Xc.l,'1n[ b.L, L, 

\v"rc- r l;:tive. l y 1:',01' in til !',l[~, ~ltituJ_ soll::; ~,1'1 tiL 
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To.bl e 1 t~. Mi ner;:\l og J.CE',l COHlllo s lt i lm of clo.y frr-ct i "n of so ils fr' r. 
differ e:nt z( ·nes (, f Knshmi r , bccscd on ;' hys i C':> -CI1 Cllil c,.1 
~nnlysis rn d X- ray Di ff r nct i on • 

. - --- --- -.------- - - ---------- .--------~ 

Loc2t i on/ 
!Jept h (crn ) 

p ~ha18 nIT. 
( 0- 15) 

LGroO O 

( 0 - 18 ) 

Son amar g 
( 0- 20 ) 

Gulmar g 
( 0-20) 

Gu l mar g 
( 90-1 50) 

Ch;:md i gar,j 
( 0- 17 ) 

Khudwan i 
( 0- 20 ) 

Nun ar 
( 0-20) 

Nuner 
(75-150 ) 

Shali r"-:I' 
( 0-1 5 ) 

P Cld g er:lpo I' 0. 
( 0- 17) 

Ho.nd\'J~rn 
( 0- 17) 

T rtpc.r 
( 0- 15 ) 

1'" D. Far m 
( 0- 16 ) 

P amp~re 
( 0 - 20) 

P Clr:lpO r O 
(85- 150 ) 

Lo il 
! 0-20) 

Illit u Chlol'i t c Ver micu l ite h~o li ni t u 

High Altitude s o ils 

-:.+-:-+ +++ + + ++ 

++++ ++ +++ ++ 

+++ ++ 

-:-+ ++ +++ ++ ++ 

++++ +++ ++ 

. :-+-i-+ ++ +-: . 

++++ +++ ++ ++ 

-!.+++ +++ + + ++ 

-:-++ + ++ + ++ 

++++ ++ + ++ ++ 

+ + -:.+ +++ ++ ++ 

++++ + + + ++ ++ 

++++ ++ + + + ++ 

-!- + ++ ++ +++ ++ 

++ +++ ++ 

+ + ++ +++ ++ ++ 

++++ ++ + ++ ++ 

Not e: +-:--: .. :. = /,bund2nt +++ = lfJoderate ++ = LOvl 

1 ~.: 0':­
~ .. in ..... ..'-. ~ 

++ 

+ ;-

+ '.-

++ 

++ 

+ .:. 

++ 

++ 

++ 

++ 

+ + 

++ 

++ 

~.+ 

+ + 



did not fol.cow :ny unlforJ; tr, nc in th, sc. so i l profile.s . 1" 

of th~ sL soils du ~ 1:0 L:ir ~JJOLmt of org ,'nlc !.i;"tt •. r , I' .s ... ;t 

" lso be dUL to t .,. e qu ilibriu!;1 \'Ihich i ...; cbsc.rve.d to L;:i st 

rLport .d t:1c. hi gher (:v;",il :- blc. K-st,~tus for th o, :111uvi :- 1 so i L; 

of In c: i ~ ~nd ~.ttribut c.d it to illi t L r.lin cr ::.l, I n th,. 

convUlt i on:~l sC;' le. of fc.l"tility ::SSc.SSP.1U1t ~ sirupli £ i c.c: 

2.ssurnption h:.s bC<-11 un ivc.rs - lly c.c c •. pt~d th~t <:.1 1 t he. K-

cxtr~ct. c,bL by mol- r N;i40AC or "n ~quiv"lLnt s o lu tion -" 

f o. i rly :-,v:'.il;"bL... for pl~nt nutri t im ',lit ~1 comp l e.L disr ,S',l c.: to 

10 VI e:f'll did not corrobor" t ~ "lith t h,. high r :- til1e . 

T ;1~ contents of non- LxcilL.n g'.2bl c. K (INhlJ0
3 

i\ ) pr~se.n-: 

in tlkS<- soi1.s \'J s high . Th , wlc i ght cd ['.vcr ' fl.L vc lu e.s r~.'1t'~ 1 

£ror.1 872 to 930 , 59 1 t o 555 ;enG 629 to 753 pp m in hi1"l 

d istribut i on of nOI1- Lxc hr'.l1gL ,-ble. h 'rs Llcons ist~)'lt ,lith t ... 



cryst[,l structur, of th, cl:,y minLT:;ls :m(~ thus ~xtr:-,ct,-d 

nuch Iilur~ 1': thc'n w[',s in equilibrium with tb~ soil soluticn. 

I"lc:trotr;c ['nd Singh (1970) support.:.d th,_ "boVe finJbo;s 1,'Ihil", 

~orl;ing on sam" ::-,lluvi:::l soils (,f India. T11L r"lo,-,S':' fror;, 

non-,"xci1Q!lg..:!' blc: K in thL illi t.:. dominnnt soils \es highest 

~'nd th", inhcrcnt h feortility d~[lLn(]s on the K r"l(;,s" fro1' t'.is 

source (Arnold, 1962:;). 

TIL ~Jeight"d Qvcrngl: v:-"luEs for tot::-l K v-ri"d ira):, 

1.63 t" 2.26, 1183 tc 2.06 c',nd 1.83 to 2.10 ~Ior c,-nt in ;,igll 

c.ltitudc, v:-lley b,sin onel k~,rc'.1]Q soils, r~S[le:ctiv~ly. The; 

hig~ler contLnt of tot2,l K rany bie! c,ttributLd to tk, domincncc 

of mic:.s :--,nd fo1dsp:--r :--8 prim:'ry [lot,-,sh bLr:ring Diner"ls "ne) 

to the; il1.it..: clQY minerQl. The: higher orgccnic mccttLr contc,1t 

f:;vours the: dLsso 1ut ion from the prirn:-ry mincrcc1s ~J1d thc.;s 

morc qUontj,ty of totccl K in thL.se soils (ChcctlcrjeL, 1976;'. 

BEosiccs, CO
2 

tonrichcd vl.'"tcr 11' s LL,~n found "ffL.ctive in 

rc] er:s:Lng K frau' prilil,"I'Y minerc.ls (Di-:;st, 1978). Higher K 

stntuG of K:::shmir Go_1s ws :',lso r',_portd', by H~ndoo (1973) ~nC: 

T dib ,1973). Grm'i:::l end Knmrr (1976) r~purt~d high tot,,]. 

it to [lrim~,ry ::nd s",co;d,~ry mincrQls. 

Th," mL~n K-fixing c:'p city 'rs 267,254 :;nu 245 P[l:C 

in high Q1titudc, v~llcy b~'sin .'"nci k:-.rCc',,~. soils, rCospLctiv_l .• 

It Illoy b,_ r,_l("tLd to thL prc.s0nclC of il:itL tnL of "ll::,y 

mincro.l c.nd to the higher concentr::tion oS pot:::sciiurn in tIl-Be' 

soils 'Ni.ich incr,,:s,-.s th~ K-fix::tion bl:cc,uSL Dar" Ii. gO(;S 



r ~ l ,-.tiv ", l y Lss V l UL'3 ( 227 P L. ) for so m. Punj :- b soils \;hiL 

,'3ur~ sh ( 1979 ) n . port,- c hlglkr v : lL:. " s ( 500 p, m) for SOJ~'C soils 

of Hi m~c;" . l F r 2d,. sh . 

foru s of I( wit '1 s .. i 1. prop ~ rti ~ s wor <- comput .. d (jJe] ;- r o r r _s,.nt~­

i n Apllcnc1ix II . It is infc:r n.d th(,t : 

a. pH , O rg ~ni c c'rbon , clc y , silt ~ n ,l s~d contribut,c 

32. 73 pcr Cl.nt tow"rds w ~:t L r so l u bL.1\ ,ne' on st c.:PWiSL 

r l...- grcssion :-n L:.lysis , th L. contribut i on f r cnl pH :-- D el s;-n d -,,1"3 

31. 99 pc:r c_nt but t h contribut i on of pH \ 'I"S highly 

signific ~ nt . 

b . For L:cl1ang,-~b18 K, th,. cont ribution fror': pH , org fu C 

c~rbon , cl ~-y , s i l t -,ne; C)C,C ','I(,S 48 . 38 pd' c ent ,~,n.: in ste.p"!h:~ 

r ",g r '. s ", i on ,~nC\lysis t h org ,~nic C~.rbOll :-,n" CEC contribut~ ,j 

signific~,l1t ly to t he. tun, of 46 . 34 lk r c cnt . 

c . '1'h" co ntribu tion from !C:i , org-nic c :,.rbon , c1 :- :l , silt 

s Lnd :'l1ci CLC tovJ:"Td s non- c:xctlL,n':L.-.b l o h 'we s 31 . 6 1 ~'L l- cL.nt 

':'Del on st 2pwi se: r l. gr " ss i on ~,n:'.lysi s tl1 . cont ribu t i on froil! 

org-ni c c rbon - nel C;';C \.; s 2-5 . 41 pL. r c ent only, t he contrib"Ll' 

from CEC 'c' s, hO\II.vLr , signifi ccnt . 

d . TI1", cOl',t r ibution for t ot,l K b y :,In , org~nic C rboll , 

cl~y , silt s :-,nc1 ,~Yld C2C vl ,' S t o t h, t ne. of 39 . 63 pe r c .:nt 

c'ncl subsc.:qu ent ly clLY "lone contr ibut c:cl signifi cc.,tlJ 

( 36 . 57 PLY c ",nt ) t m'I-,r ci s tot ell i', . 

Th" co~fficic..nt of c orr el~ticn s obt" i nLC b~t\vL_n ]'er ... , 

of K, physicc -clLDllC -, l pro p rt i <..S ,;"Je so i l £'1' ctions -Te. 

pr,-scnt~d in T2.b 1c.: 19 . It i s ObsccX'VL C' tb~t: 



~. lieter soluble;, v:as positiv21y cOrl'2lated v.'ith o:o;.wit 

carbon (r ~ ).lj.)6), CEC \r = ~;.377), exchangeable K (r = ·j.5S·· 

and non-ezchar,geable 1'- (r = 0.312). 

b. EXC~'l2ngeable ,. Wi:,S [)ositively corre1.2ted ·.lith 01'. m;.LC 

cc.rbon "r = Q.6 10), Cl-.;C \r = 0.590) C1l1d 110n-exchangeablei 

(r = 0.63). 

c. l.on-exchangeable ,'. was positively correlated 'l'iith 

• 
orgcJ').ic ceerton (r ~ 0.J92), C:t:C (r = 0.481) and totc,l L 

(r = 0.306). 

d. Total K WeS positively correlated \-lith clay (r=L.:S(14j 

but '1ao ;~eg,tive currelation with sand (r = 0.447) and silt 

(r = 0,410). 

e. K-fixing capaci ty w::..s significantly corr012.ted "it;1 

silt (r = O.57~) and clay :r = 0.908). 

The relationship bet"een the forms oi' K has 'oem 

o bserved in these soi Is. The basic C01~c2pt 0';: such an 

equilibriLm is that a chanc.e in magnitUde of one of the forr.·,s 

will tend to be compensated by movement from and between 1 -a ... .L 

the otlle;:- forflls (Reitemeier, 1'-51). Similar enullibriuDl \lES 

reported about Punjab soi~s :Grewal Br;d ~,anvj; r, 1')7':;), in 

hag;::,land soils (Ghosl: and Ghosh, 1976) and in some Haryana 

SOils: Chahal et al, 1976). A number of studies hE,ve also 

shovm significE,nt iJosi tj.vc; correlation Ol L-fix2.tion 'Jitl1 

silt an,j clay fraction.:; ~Ghosh and liasan, 1S.'7G), itamunatllan 

al1d Lris'-mamoorthy, 1976). The positive ::md sign.lficunt 

oorrel8.tion between non-exchangeable h a:1d C':::C indicated tl'pt 



not oe 
~ 

~"c'anoE" d by "t\I''"I' c. ..... _ c . 4 but could be ext r octed \Vitl, l c:'~· 
./ 

h,wi:.;: selectivi t y of h (Vanschou\V enburg anc: Schuf>. len , 

5 . 3 . 2 

The potass i um status 0:: a so il may be 8s ~e,:3ed in 

its cont nt oi' K- beari ng mi nerals since the amount or' th",se 

mine~als i n a soil gi vc~ some indica t i on of the poten~ial 

source oil\ to p l ants ! But more i mportont i n determini ng 

th, l. - sup~ly to plan~s are the soil h - fract i ons , i!':en8e1 aY:d 

i'irl<.by , 1980) . 

Di st ribut i on of total K in t he so i ls 0 1 Y. ,- s,1Jllir VIC 

found to vary froe; 2. 25 t ,', LI . 40. 1. 80 to 2 _ 8e and 1 . 25 t c 

1 . 80 l)~' cent in clay, s i lt a:.d :.ine sGnd fra ct i on , re s pectlHs,_' 

The '1e l so lUble K vcr i ed fr,. m 1. )5 t o 1. 80 , 1 . 10 t " 1,4(; d1, 

0 . 28 to l' . 6e per cent i n c I a:. , silt ane :U,'!e Sofid fractiln, 

r e spect ively and the 11,!;'iNCJ 3 solub.le L vc:ried fro DI U. <+5 t o 1.':-, 

0 . 20 to 0 . 65 and 0 . 10 t,. ,; . 20 ~er cent it: clay, silt 2~'ll Llh. 

seTld , r , spectivel y . On an ave 'ag e clay frac t i cn contriL!te~; 

4 C; , 47 C,,1tl 57 per cent of total I. ':(; 1 soluble and W:U'IC'- s')1') ' 
) 

K, respectively . Th," co r:t ribl..:tio n frol~', f].ne send ::.'racticy-, 

2vorClued to 11 , 7 <:,(18 7 per cent of to'c a::' , Hel aLld fixe€!)' ( 

se i ls , r e spect i vely _ HiB~er co~~ent s 01 tOeal h in tfi~s8 sri.! 

be rJ ng l! ril13ry mil,erals ( fe.ldspar , muscov.;.te j an: il ~ it " ',:--, " 

throug' ti,e [lct i on of 'd t l r i n geoer", l rulJ c:lrbol1_c Qc i, j .. 



an:: thuG ,:; i v i ng hi g1':e r val u es :: J\ \1 ovcl a , 1965) . ''\ anllET 

Gr evlal (1966 ), Lodh a an d Set n (197(J ) ano ;'cilro t ~'a ~t nl 

( 197 :"'~ r 0port ed Si.l:1i l c..r val'~", s ::'or t il~ soils o f Fl\!1~ab , 

rtaj,-,s t llan a.ld Ut t a r r r 2rle s h s O.l l s , r e sp ect ively . 

5 . 3 . 3 

GrE·on hou se stu di os &r e c a p able of de s cr i.b i ng or 

measuring th, t pc rt i on o f t :"!c nutrient in t he s o i l t ·~ .. t i:o 

avai l able t o p l an 1. s . Th e y r ef l e ct t i1e quant ity of p l ant 

av a i l ab l e nu t ri ent i n a u n i t we i ght o r VOL .l ffil2 o f s0i l 

a r e mor e r ap id an d mo r E: p r " c ~" e t h an f i e l d d e t eI'mi nc'l. i ons . 

Th e datil pe, tai ni ng t o tlw ~ot cu ltur e: studi ,' S 

( Tah l e 14) r evea l ed t hat dry ,. Et ter prociu c t i c- n 1.2S r ,;lat i vel:: 

mo r '. i n h i en 01 ti t ude s oi i s th2n i n t h e soi I s of ot 11e2' zo: .es . 

Th~ appl ic8.t i ,- n of di ffe r ent l eve LS of I\. di d not incr'::L~c l.~ 

c orre s [lonc' i ng l y . Th e me,ID d r :.' me t ter yi eld <11. KO (co lltrl l) 

\v<1S 1 . 245 gm whi c h i nc r ea sed t c ·1. E1 18 I'm \.J it h the add ition 

of h 20U p pm a nd d e c ren"pd to 1 . 635 gm wit~ n hi gll~ r K doze 

( 4 00 p )m) . There W2.,' no " i Plii' .l [;(,[11. i nteract i on 'o et"'Jem so::':.:.: 

2nd i'. -l ev e:;'s . The so i ls dif:i:'red s icn ifi cant l y "li t h r e s pe c t 

t o ;. - co ncent r at i un i t) p l ants . The co r,cent r s t i on i ncreased 

wi th til in cre[~c i n tlle Y l evels . ;hc meen 1. - c oncc-l1tr,;t i c,n 

i n the p l Clnt a t cont ro l liLtS ) . 786 p e l' cent , i t "'ul'the r i :lcr.".scc 

to 2 . 503 per c ent vi i th [.[1 p l j.c2.t i cn 0:" K20 .. ppm ::md t o 3 . 201 

p er c e nt wi th K4 0C ppm. 'T'l1c i ncrec'.s e i n : - concei,t r o.t i orl \'Iith 
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tnL i ncr,.u e in L levels thou §:il it l'I e'S si ~n.lfic , ,.t 'ou'c t.L 

tre;"'tlT.e~t of 1.20,' Pk.-m fc.:'V8 r \_m::.~ckClbly hig!ler v::lt" S '..il 

l'.-conce:" cr 8t i on in tne plants th8n i',40(' in a l l the ZC~1e;s . 

The inf l uence of Clp~ lied j, on its uptake bj a ',(182t 

crull (.Cable 14) r eveoled t hnt flle[ n u ~t.-he Et control.I"S 1" . J': 

mgm L ;md it i nc r e&sed to 47 . 29 mgm L W.Lth K200 p[:-m 0",;1 tv 

54 . 15 l:1gm 1\ '"ith 400 ppm . T:10 incr ".~,s<? in t~e E- u , tn1- e ~'Iit'-, 

the i ncroa"e i n K- leve.l,s we , s'c<.tistic311y si :2nifici ~'1t . "'". 

i ntCi'Clct i n between seils imo 1\ levels .as alro Sl[nific OJ.T. . 

The incrc~sc in K upt cke "ith t' e increase in K- levels oi. : " 

sho~ 0. corr,sponding increase in the product i cn of d~y m'~tu~ 

which !]ay be attri buted to luxury consumpLon of l~ . As c. 

result of pot nsh ,-,pplicat i on there \125 c' l:.igher li, - cunt0nt ir 

wheat cro p resulti g i n ~n incre;c,se in the u i,td\.C of l\ in ' ... Ll 

thes e; ::;(lj.ls . The higher dn ;i,~tter :; ie lc1 obtnined ',li t ,! 

200 p()m K may bo:: attributEd to c c1equQtG nrnount of s0il K \' ic 

W2S ut i lized by t; ,'; plmlts . Th:? p l cmts harv.st'··r. nt h; 1f 

flovleri,lg stag<? ·g::1V<? higher vc.L:o::s o f K con c<?nt r ::.t i on • 

Sandil ,, 1,)7S ), Rej8d,_ (1') 78) > Lcdho et al (1969) ~nci Si llg:i 

Gnd Si ngi-.( 1981) report~d th~,t concentr: c i on of K in th!' 

pl ont incrc ,' s ld with the. ::ge of the pl~mt till the stefL C_' 

m;;.xiIl1l:m dry !L::tttcr producti, n ~ nd t'lere::u"tcr it d~ cli!1 ,.s, 

The Y co'1tent i n 40- 45 do.ys vJ;1ert plc:nt v:lricd fro, 2 . 96 tl_' 

5. 36 pel' cent " (SGI1dil -1979 ; Lodh~1 et cl 1969 end Si ne Jc . .lIJ 

Singh 1981) . The rLsu,~t s ob~;_.inL.d in the: green house 

eX[l er imcnt o.r e i n :,~.re,::ml'nt "Ii t:l tl ,Oi c reported e"rll.er . ,hL 

il lcrei.sed h u\ct::tke m"y be due. tc t lk syn<?rf[ tic :-,Ld -:-.dC'lu2t~ 

1,I - sup~ly. 
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The coefficient of correlation bc.t",~ ,. 

dry m:-,t'LL Yleld , L-,conceutrcc i on , u rt.J~'~ \!ith i'orLs of:. 

\ver", c ulr.puted 8.11d eTe presontea .t n T~,b l2 2! . It is oss,.::r.'",c 

th~t (i' cry me-,Her yield \v ~ signifiC' .... nt l y ~nd positJ \'d,:' 

(1' .. U. 773 c:nd r = 0 . 809) ; iii) l" ' concentr"tion c.ntl U lJC'!c_ 

c f K of ':111" t pl:::mt IV:- S posi tivoly significont ly corl',cl<.t~·; 

I'lith fixed], Ir = 0 . 671 r:nd r = 0 . 667) , r cspect i vf;l/ (iv/ 

j' • " 
•• , ,.I 

of to[:"l Ie were nlso not r e1:-.ted with dry metter , 1( .. co nc011·· 

tre-t i NI cr:d K--u vt<.!(e . Non- exc.1nngcnbl0IZ is n .po r tc:d to ;"" 

1973) • 

5. 3 . 4 

fo r NELtUl'C f. :.:nd 1:'h:IG 3 so l ub l e ;: ,~nd the Q , tn ('.1':; presc"t'.d 

i n T o.blc 15 . ;\ co;:.p:.ri so,; o.~- the i nit i a l Cend post '1-'.1'v.5t 

j \ st o'tus r ,,'voc 1.(d t h t tIler" ';ie,s ". con sid cr 8.bl ", d eer ", '.( if. 

both Ni'40, c E and t~i1i\C,3 L contents of thle soil. It 

i nd ic : t ed th, t pl,en s ';I ere c.blc tu tC'J{" [!to r e. 1'. fro, the soil 

p l []nts. The :1dd i t i on of K to thL so i l e~.vv corres po nd i r<:"y 

h i gher v[lues of both l'lH40J~c L ':rtd not1-e:'cl''''1l~ L2b l L i, . 1. T , 

t;"lcr cfo!' " , sugl'cstcd t"l, t most 0l the '-d ed \" get fixe d cor, , 
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[.lIable 1 ~): lt c:Lat iun::li.L V bc.:t\tjeeil :[orills o_~ l.. ~ .t.;o i ' Pi Ol,e cc:;_ (' ~, c.... I( ~oj:.. 
i r a c1. i 0ns 01 the SO lis { r uu-. t~l(: cli :.Cferc-: 1. 1t zu.1E2 of H~J~ ·1 :. )_1 . 

..... _ ~ " • ~ • • • • _ • __ ........ . ' _, _ _ , _ _ -"0 • .~ • ~ _~. _ • • 

Forms uf K Cr garnc 
car bon 

CEC S2:nc1 S i lt Clay ·. , : :c~'1an 

~"2.1jl e L 
F i :·:e -:l h Total Y 

v 
. . - ---~ .... -. - ... - _ ... . . -

,[ at e r so l u b l e 
r::xc~lan" eabl e 
F i : ,:: ed • 

0 . 436·.'i:-
0 . 6 10'::-':­
o . 39 2':'--" 

O. :377;'i:-
0 . 590-:f -:,-

0 .. L~8 1 * ';:-

u . 107 
J . OO7 

- 0 . 20 2 

· ·0 . 031 
0 . 085 

-0 . 084 

- ,J . 027 
, ·) . 04..; 

) . 2 10 
J . 60Lf if 
J • 90C~I:' ~ 1-

0 . 59 1" "-' 0 .. ; 12 -);­
C . 630'::-i , 

Total 
E ···l>'ix:i. ng 
cape-.ci t y 

.-0 . 220 
0 . 9 13i "''-

~0 . 022 
O. 970;H:-

O 47c7- · .... ' 
~ .. ,-,,, - 0 . 41 (}:'i' 

0 . 74 3ih' O 57" " " • 0 ,,"1· 

.. __ .• • ___________ . . .... .M . ' _._ ~ . _ _ . _ . ~ •• ' _ •• _ _ • •• _ • _ • • _ •• 

',,-. Significant a t 1 per cent leve .L 
-:f S i gn if icant a t 5 per c ent l evel 

Tab l.e 20. Relat i onsh i p between dry rno.tter yield, i\ ,,,co' lcc-nt r L -c i c n end j-; ··U ! 'ta.1{e 
o f '.1heat cro p \;i t h forms of L in thee soil s 1 1-0,:1 di:,fei'en-c ZGne s of 
Kashmir . 

.............. -... -. ,. -~ .. -- . -.- ~ ~ ..... -~- ~- ~ ........... . ~ 

Dry mat t er y i eld 

K~conc entrGt ion 

K-upt ake 

i!at e r soluble K 
-~ ......... ~ .- ~ ~ ----

O . l f0 1 

0 . 507 
0 . 506 

Exc ;1qngeab l~.K Fi.2;_ed. F 
o . 67 T''';;' 0 • Lf')'c 

., 7 '7 7 " --" -, "7 1'''-·'' v . :..;" " (.) . 0 ,," 

0 . 809'·, ·,:- o. 66T::';f 

~1_~.~ c;~ y~, 

c . 2')6 

l! . 195 

C. 240 

0 . 01:., 3 
U. 020 
J . ::;06'" 

----~~~ .. ........ - .-. ~-- --..... ~ -- ~ .~--.. - *. ~ . . .. ,~ .• ,,-, • - ~ .••• - • • ~ •• * • •• ~ .. . ~_ .. . ~ ........ __ ..... ~-A- • • ••••• _ __ _ 

-:H f S i c n i f i c 8n t at 1 per cent l eve l 

' .. - S i Gn ificant at 5 per cent level 



the: p l o.nt m"t po.rt of its r t'quirc ments frolL t :1L netiv~ E . 

Thi s '.<,5 subst~'ntLt,-d by the equ ilibrium ·,;h.i.ch ,.xist bet 'L .' 

for s ',. f K i r thest. soil s . Simil c r ousc:rvo:L i uls '.Jere. J.:C"C: 

non-cxc· .. anG:eablE- pool l c ds to f1 dc:clinc in tlk f'crtili tv 

st:-:tus 01' the soi l <.!nd t hlC r'cl c,.se lllC.y not cOiJe u::; ':: i th t·. 

delll[cnd of vigorously grovlin g crops ( v rimr,e , 1974) . 

5. 3. 5 ,Qunnt i ~yD.n.ie..l1_sit.1 r e l o.t i on shiJ:l.: 

ThL quantity f ~cto r (D 1<.) o.nd the int ensity fe,dor 

;ilRk) proposed by Beckett (1 .64) pr ovide ::. bettEr pictur: 

about t.1- potLssium sypl-' lyinl; po':,er of <' so il th;:-.n ,v~ ilc:·C .. 

K or the i oni c Clcti vi ty r :. t i o of K . 

5 -5 l ' t ··t t· (AD\\.'. ,r l -L . ) . • .''.C_~ v~;y ,ro-2:£ ,teo j, J" ) • 

.. ct i vi t y r at il or h - [Jotent ial o r the i nteCls i ty f· ct, ,-

as e, meons of K-statu s of the so il has ~een advocated by 

P,ec\';et·,~ 'lc'64a! as i l: give s a better picture <.,f t:1e pot~ss:;',-:. 

sU[J~) lying po\~er of a soil t an t:'lC availc.ble h provided t';~ 

soils do not diff('r \V~ ,lcly in calc i um status . 

Th", activit} r at i " and other quantit y/ i ntens ity 

par aJneters computed from t .e soil.s of t he thr ee zones befor,' 

sow i n " t;le crop ~r d sft er harvest are present ed in Tab H. 10 

, 
0 . 004C. cud (: . 0042 ',mo le/L)~ i n high altit. Ge, valley basin 

vall.Gs after crop h2rvest \'Jere <... . 00 194 , O. 0\> 16u and u . Ol1G7 

( mo l csIL)~ . The decrec,se in activitj r,rt i c fran, t.~e i niti2. .. 



values due to crop u\Ct8ke illustrated the pot8ssium uptal;.e 

by the plants. The meQn activity ratio in the beginning in 

high alti,tude soils \~as relatively higher than the soils in 

other zones and rr,ay be attributed to higher orc'anic matter 

oontent (;lresent in these soils. 

jviaji \ 1980) reported similar values (0.0057 to 0.0013 

(mol,"s/!)"'" for soils rich in orS21nic matter (2.0 to 4.5 [,er 

cent). RamakrishnaYYa and Chatterjee 1,1976) report higher 

values (12.5 to 20.8 (moles/L)~ x 10-3 for some red soils 

and lo\~ values (1.0 to 1.8 (lwles/L)-!,- x 10-3) for some blaci, 

soils, L1dicating that K is available to a lesser degret: 

in b18ck soil than th' red soils. Decrease in activity retio 

due to u;:>take of l{ by plants is also reported by f'atra (1978); 

Acquaye et al (1')67) Le Raux 8nd Sumner (1968). 11aji (1979) 

reported almost similar values for alluvial soils from 

Kan!;)Ul', Delhi and ,calam(;lur (2 tu 6.75 ':moles;,L)2 x 10-3• 

The activity ratio had negative non-significant 

correlation wit,) clay content (Table 21) and with uptake of 

K by wheat ;T able 22), indicati;]g that t,le act ivity ratio W8S 

controlled more :JY tilE: type of clay than by the amount of 

clay. Fredominance of illite ty[.le of clay wine: al seems to 

be primarily responsible for low AS1( (acti vi ty ratio) values 

of these soils as L is held preferentially by mica than hy 

othor mL',erals. Thus, the v21ues of the actj.vit)' ratio 

computed from the soils of' K 2shmir indicat (d lovl int ensi ty 

(;larameter for immediate L-sup~,'lying and thus shall respond to 
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the K-application as illustrated by the decrease') iil the 

acti_vity ratio due: to crop~ing. 

5.3.5.2 Fr~.~1l.Y.J.. ~ F); 

The mean init:cal frec; energy values were -3213. -31S:1 

and -j245 calories/equ-iv. in high altituce, val.ley bE,sin an'_: 

karel-lEt soils, r(;specti vely and the corresponding mean vc,luEs 

after crop harvest were -3735, -3872 and -3802 calories/equiv. 

(Table 16). The v8.1ues of .do F aft er croPl-ing exhi bit ed a 

decrea,se of -522, ~81 • Etlld -557 calories/ equi v. in 

high nlti tude, valley bas:m and ll:arewa soils, respectively. 

indicatin[ the [)resence of K in the soil solution. 

ilielson (1~:7?) reported ",bout Denmark soil that vii ti: 

exiJausti Vt:' cropping the free energy of 80il decreased to 

-4000 colories/equiv. and further K-uptake ,las reostricteu tc 

non-exchangeable L reserves. haji (1979) reported wide 

variation in the free ellerBY valu;::s in some alluvial soils 

of India. The values r0ported for hanpur, Delhi and Pa1ampu-, 

soils were -5727.43, -4483.74 ar:d -4597.50 c:lories/ equlV., 

respectivel:,-. Doverat (1962) reported that v;l1en A G values 

were belGw -4200 to -4300 calories/ equiv., the K .. deficie:lcy 

was evident in pasture soils. Suresh (1979) found almLlst 

simi18r vslues (-2812.9 cal/equ:Lv.) before cropping and after 

croPliing (-3586.8 cal/equiv.) add advocated the use of 

K-fertj.lizers for some Himachal Fracles;1 soils. 

The MeM vulues ('l free energy in t"e soils studied 

were conspicuously les:, than thE threshold v,-,lues of -4000 
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Table 21:: Relat i onship of QUantity/lntensi ty pal'2lflJeters. soi l 
properties and forms ai' L in t;10 v,xio,-,s zones 0:': 
l.ashmir. 

Q/I pE,rHJJleter stage 

ActiVIty r at i o Before 
cropp~,18 

Free Energy 

Labile 1'-

~' otellti011 
buffe;in~~ 
capacity 

Afte r 
cropping 

Before 
cropp i ng 

j~fter 
cropping 

Defore 
croppin g 

Aft~r 
cropp i ng 

Befol-e 
cropping 

l'-cfter 
croP e' i ng 

Organic 
c nrbon 

0 . 030 

- 0 . 055 

- 0 . 070 

0 . 526 

0 . 047 

u . 327 

0 . 238 

Clay 

.. 0 . 362 

-0 . 187 

- 0 . 447 

· ·0 . 196 

- 0 . OL:·1 

0 . 038 

Exci',ange·· 
able h. 

0 . 259 

0 . 209 

O. l Lf 1 

0. 220 

0 . 99370;(-

U. 318 

- 0 . 059 

0 . 156 

0 . 20[; 

U . 107 

o . 16iJ 

0 . 111 

- 0 . S07;"-

() . '157 

-0 . 022 

O. 04G 

.<o....---....w 4 ~~-' -.,...--------~--__ ~. ~._O! ...-.-_. ~ 

",; Signi f i cant 8t 1 per cem: level 

It Sit;nLCic8ilt at 5 per cent level 

------ _ . . -- - --,- .. ,,- ~-- .-
Table 22. Coeffic i ent of GCrl~elat ion beh;een uptake of h by 

\;ileElt and QUnnt ity/ I ntensity relations of soils i'ro.1 
~\.8shmir • 

. --- ._- .. . -----------,Sc::;'t-a-"e .- --.- Act"ivi t';'~-Free -.--. 'Lablie-r' ·(o·-le.;t·.LQ. 
~ r:tio " energy buf:Ler:"'L~ 

. - .. -.~-., .. . . -~----.-- -~-~-'~~-

Uptake of K 
by \'Jh02,t 

Befo re 
cropping 

.:.fter 
crOP l) i i1[ 

_ r) . 050 

-0 . 175 

Gap:::,G.'. t~· . 

- 0 . 179 0 . 143 

() . 22 1 'j • 510 . 
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cal/equiv. and above (Woodruff, 1955 and Arnold, 1962) \,hen the 

soils are deficient in available K, whereas the values between 

-2500 to -3000 cal/equiv. have an optimum amount of available K 

and values less than -2000 cal/equiv. have excessive amount of 

avai12ble K. Consequently thc' soils in the present investig2.tiou 

before CrOPl!ing, appr03c h to second category (-2500 to 3000) 

indicating optirrum amount of available K but with uptake the 

vah,,=s correspond to the first category 1. e. -3500 to -4000 

cal/equiv., ~Iherein the soil are reported to be deficient in 

available K and tills may meet their subsequent requirements from 

non-exchangeable pool, suggesting application of K-fertilizers 

to these soils. 

The values ,.'f F did not show any correlation vlith 

organic cerbon, clay content, Nd40AC K,fixed Land \"Jith uptake 

of K by vlhe-at (Table 21 and 22). It, therefore, did not offer 

any specified advantage over the morl easU:' estimated 

exchangeable l\. 

5.3.5.3 Labi}e !,..QL._ i.O 

Labile K represents the amount of K that must be removed 

to reduce the activit:' ratio to zerc and is reported to be 

(Beckett, 1964) a measure of the total amount of labile K present 

and capable of taldng part it, the exchange reactions. The 

contents of labile K computed from the soils before sowing of the 

crop cmd after its harve3t arc presented in Table 16. The 

mean initial values for labile K were 0.1272, 0.1248 and 0.11'15 

me/10i.Jg for high altitude, vall ey basin and karewa soils, 

respectively and the corresponding values after the harvest of 
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the crop l1ere 0.0809. 0.0806 and 0.0831 me/100~. respectively. 

On cropping the labile K decreased by 0.0463. 0.0442 and O.02~:,5 

me/100g in tl1e high altitude, valley basin and karel'ia SOils, 

respecti vely. 

Huji and Sen Gupta ~ 19(2) reported that values of labile 

K were low except for black soils and KL \J3S significantly 

correlated \vith available K. The values reported for blc:ccL, reJ, 

allUVial soils of Delhi, Kanpur and Palampur as 0.65, 0.44, 0.12, 

0.07 and 0.13 me/100g, r~spectively. Khandekar (1980) reported 

about the black soils that Q/I relations of different soils fro .. , 

the saDle series differ more in l'-L than in other parameters and 

attrlbuted to clay contvnt and management. 

In the case cf Kashmir SOils, the exchangeable K Vias 

found to be more than the labile K. Considerably the spatial 

double layer arrangement of counterions on the colloidal surfaces, 

the ..;ource of labile K may be from diffused layer only. This was 

in line with the findings of Beckett et al (1966). It l!le3D:3 not 

necessarily that entire amount of exchangeable K 'Will take pnrt 

in an exchange equilibria. The higher values l'f labile K for 

control than treated plots as is evident from thE: Table 16 are 

in agreement '<lith the findings of Acquaye et al (1967); Le Roux 

and Sumner (1968), the decrease in the labile? K may be attri but ,d 

to uptake by plants. 

The results obtained in the ;;>resent Lwestigation are in 

agreement with Raux and Sumner (1968) who repurted that an 

increase in the amount of K taken up by the plants is accompanied 
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by a decrea,ce in pool of l abil e K IJ ith plant grOl'lt h . Con s ,'qu ently 

t he plants obtain K from non-labile sources . This r e l at i ve 

abilit y of t:-;e soil to r e l ease L i s in agreeme nt \Ii th the 

domi nan c e of illite type clay mi nerals observed i n these so i ls . 

When t he labile F. fal ls to a mi nirrum in soils bei ng int en s1 vel,' 

cropped <:lfter '.'Ihicl' the pool serves as the vehi,cle by I.hich L 

from i nter .. l att ice sites bec0mes available to t he plants . 

f rom a perusal of the data, it is observed (Tuble 21 we, 

22) t hut t he labi l e K wa ::; po sitively si enificantly correlat ed 

(I' = 0 . 99 3) with NH40A c K and negatively significantly cor relat ed 

with fixe d h ( I' = 0.907) but had no correlation vlit h u ptak e of ;' 

by ',!hent . T!1e positive significant co r relat i on wit h availabl e ,'. 

indicated no specified advantage was offer ed over t he more 

easily estiLated exchanfeable K. Similar correlations i'Jere also 

observ ed b} !'lnj i and Sen Gupt a , 1982 ) about some alluvial soi.l. s 

of I ndia and by Khandekar ( 1980) about b l acl< soils of Indi a . 

The value of labi le K in the present i nvestigation wer e 10 \1 

ind icating adequate availabiHt y of ;, to t il e plant s, but si ce 

the plants extract most of i ts K r eqUirements frO Ll non-lab i le !. , 

addition of L-fertiHzer 'Iill ee quite respon sive and tenefi,cia 

as it I'ii l l n ) t pxhaust the so il 0 1 its potas 1> ium r eserves . 

5 . 3 . 5 . 4 Potential b':l,ffering capaci tY_ IT_B,Ck 1: 
Beckett (19640) propos ed a ne,l pnr2.;'leter, potential 

buffering c apaci t y of soil <lith r espect to potassium, cor.:bi""L 

in o ne paramet er t he" quantit:,' and i ntensity fclctors . i,d, iscot 

and Talibude· n \ 1969 ) later defined [-Be as t h e chan£e i n L 

( exchange2.ble K) in the soil for un~ t c:lange in t he potent iE-l 
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or work term. This parameter providc-s a BO"d measure of 

replenishment power of the soil as K is withdrawn from the 

labile POl'1. The mean initi al valu es (T able 16) flT PECk VJere 

"' 30.09, 27.16 end 22.48 me/10Ug Jv,e,le!L)"2 &nd their corresronding 

values after crop harvec,t "were 45.42, 43.69 and 36.75 me/100g 

(fVL)-!s in lugl:. alt:.tude, valley bc::sin and karevia soils, 

resp~t i vely. The valu, s of 1:- BCk due to cropping soo\>Jed al1 

inc~ease to the tune of 14.3), 16.53 and 14.27 me/100g (M/L)t 

in high altitude, valley basin and karewa soi Is, respectively. 

Under cropping conditions no change or increase in PBCk vo.lues 

have been reported by different workers ,Zandstra 8nd filackenzie, .. 

1968), Thl2 higher values c-f PBCk implies that degree of 

immediate h availability to plants would be less. 

lYlaji and Sen Gurta (1982) reported almost similar values 

i.e. 23.3, 12.4 and 36.2 me/100g (MIL)'" for alluvial soilS of 

Delhi, Palampc:r and Kanpur, respectively, Gupta et a1 (19J3) 

lYl/ 1;-reported a variation of 5.6 to 19.6 me/100g ( L) for some 

Nagaland soils. The value for PBCk for black soils ',Jere reported 

quite high, •. 100-130 me/WOg (jVjh)~ (flamal-,rishnayya and 

Chatterjee, 1976)(Rao, 1977) ~Jhi~n was attributed to the 

dominance of smectite clay mineral. Low values of r"d soils 

(5.0 to 21.0 me/100g (MIL)'''' "jere attributed to kaolinite type 

of clay milleral present in these soils and ,:ere reported to 

respond to K fertilization (Ramal<;rishnayya and Chatterjee, 1976;. 

The results obtained in the present investigation v;ere 

in the intel~mediate range between those of smectite dominaYJt 

soils and taolinitc dominant soils. This may be attributed to 
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illite type of clay minerals found in these soils. Le Raux and 

Sumner (1968~ reported that FBCk of illite dominant soils vary 

from 33 to 57 me/1QJg (h/L)'" and for kaolinite dominant soils 

6-8 me/1QJg (M/L)~ and report that the soil is being depleted of 

K by contir,uous cropping it s PBCk 'Ilill increase. Such increase in 

PBCk are moi,t marked in soils having mica as the dominant mineral 

and as a result of it s preference for K-especially at very 10',1 

K-saturations. Therefore, soils with low PECk are unable to 

maintain the po,l to the same extent as soils with high PB.:;k. 

Therefore, on the basis vf immediate Q/I parameters it is posEible 

to state t~lat soils ",ith higher PECk 

of K sup,ly than the other soil vlith 

have the greater capacity 

k low PBC. This type of 

information cannot be obtained from the em{;lirical extraction 

methods. It ap{;lears likely that in anyone season, the res{;lonsc 

of plants to 1'. application under field conditions will dependc 

mainly on 'the labile pac 1 at the beginning of the season. 

Nevert~12ss the release of fixed K to the {;lool will be important 

in the w~nter months during which soil with high PBCk > 30 ~,ill 

be able to replenish the pool to sor"e extent. 

'rhe value of PECk was positively cor:celated with clay 

(r = 0.59; (Table 21) but did not re<"ch the level of signif~cance 

with uptake of K by wheat ~Table 2;~). Similar correlations vlere 

obtained by Acquaye and JVlacLeEn (1966); l' ati Ram (1981) and 

Ghosh and Ghosh (1976). 



SVf-ll\ARY ;J.LJ COl~CLUSION ,. __ .. ' ~.....-..-

The prediction of response to ap[Jlied K is a cc.mr-lex 

mEtter and an,ong others the mineralogy of the soil has b€:~n 

reported to be th~ most imlJort2nt Jactorc The iype an(; amOui.T~ 

of clay mineral is also important in determining the availabili t~' 

of native <J.nd applied L. Y·iitl1 reg8ld to nutrient 2.vallrbilit:, 

it j.s being felt that both the qua!1tlty of the nutrient anc', its 

intensity, among others are equally importbnt in determining 

the responslveness of t:le crops to apvlied r.. ::k·chett \.1964) 

has tried to combine both the fc.cto:'s for predictlng <J.va.ll:}ble 1" 

This approach apper 1's to have great [lGte.itlaJ. but has not been 

alvlays better than simple measurement of solution or 

exc:1ar,geable K in predicting availaoility Cjf I to plants. 

The present study \'J2.S undertaXen v!ith the follo"ing 

objectives; 

a. To characterise the typical seil pFdons of k.'Ehmir for 

their morpl1010gical, physico-chemical properties, gen,:,sis a:ld 

t:,eir classification into Taxonomic Units of U3IJA ccmprehe!1Sive 

system. 

b. To identify primCJry and cla:' minerals in t~1<2 selected 

soil pro f:L .Les. 

c. To flnd out tLC relctiunship betv,een different 

L~frcctions, important blhysico-·chemica.L ,.'roperties and 

mineral gy of the soi 1. 

d. To find out the relationship of soil separates \':ith 

various forms of Land L.-fixing capacity. 
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e. To find out the free energy, co nten t of labile]( anei 

potential buffering capacity before and after cropping 

from Q/ I ratios and their relat i onship with K-uptake . 

Fourteen pedons were exposed i n the thr ee regi ons 

of t h e J\ashmi r viz. ( a) f i ve prcfiles in high altitclde zone 

v/hicll is colluvial format i ons 0:: gnesis, schi sts and other 

material and are located above 1800 m m. s . l. (b) five 

profiles in valley b a sin which is all uvial in Ilature 3:-,d 

locEted bet-ween 1700 to 1800 m TIl . s . l . and (c) four pedons 

werE: exposed in kare'wa zone of l acust rin e origin . The m~jor 

f i ndings cf thi s i nvestigation are summarized below: 

6.1 f' edolog i c?l characte !' i st~cs: 

i. lIiorphologically the soil differed in respect 01 r::lany 

features. The hi i' h alt i cude soils "Jere e enerally dark 

coloured, the colour v arying from very dark greyish brown 

(10YR 3/ 2) to dark yello\·/ish bro\·m \ 10YR 4/4) :md fre~ yel.'-o.JiSt 

brown ( 10YR 5/4) t o dark yell.owish br (.vm (10YFi. 4-/ 4) in v~lley' 

b asin and in karewa soil from brov.n(7 . 5 YR 5/4 ) to dark 

bro\1D (1OY~ 4/3) . 

. iL Clay cutans "Jere foun C on the red face s . This ]1~~ 

resulted in the format ion ·Jf B2t ho rizon . All soils w?r 

pred ominantly under t he influenc ,- of climate en( veget::.t i on ., 

iii. The soils i n t ile study 2.1'8n "Jere heavy textured; tl-p 

clay rercentage relath'G ly mere (26 t o 52 per cent) in hi t;'. 

altitude soils, where c s in vc.L1 .. ey b a sin and Kare\, c. soils 

t he silt cont ent (42 to 54 per ct.nt '.v.i S more than i n nign 

aItitude soils . 
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iv. The soils in the high altitude zone had neutral pE 

(vJeighted average 6.4 to 7.6) whereas in the other Z01-' es it 

was comparatively more but .;as within the safe limits. The 

CaCO:') content was higher in karewa soils (weigi1ted average 

2.30 to 8.73 per cent) but was low in high altitude and valley 
L 

basit, soils. 

v. Organic cr.rbon content in the high altitude soil vias 

relatively more (1.4 to 2.9 per cent) than in the valley basin 

(1.09 to 1.54 per cent) and karewa soils (0.45 to 1.0 ~ier e:m.t. 

There VI2S alsO a marked variation in total nitrogen content 

(weighteo average) varying from 0.09 to 0.18 per cent, 0.08 to 

0.10 and 0.03 to 0.06 per cent in high al ti tude, valley basin 

and karewa soils, respectively. The surfr.ce soils had relatively 

more contC'nt of N than the sub-surface horizo'ls. 

vi. The available P P ': content in these soils wc;s medium 

and the available K-status was in general high, th", high 

altitucie soils had relatively higher contc=nt of both tht:se 

nutrients. 

vii. The weighted averClge values for CEe ranged from 22.5 to 

29. 0, 15.80 to 22.31 and 15.01 to 20.14 mc/100g in high altitude 

valley bi\sin and karewa soils, respectively. Amongst the 

exchangeable cations, calcium ',Jas found to ce the dominant 

cation in all the soils followed by Mg and E. The weighted 

average values for exchangeable Ca were 12.50 to 15.95, 8.8, to 

13.04 and 3.38 to 12.48 me/100g in high altitude, vCilley basi!! 

and karewa soils, respectively, the corresponding vc:lues for 

excclangeatle Mg werE 5.62 to 9.51, 4.95 to 7.58 ::111d 4.69 to 

6.20 me/100g and for exchangeable l\ 0.31 to 0.81, 0.2) to 

0.40 and .0.23 to 0.52 me/100g in these soils. 



viii. The soils in the high altitude zone, becau3e of dl}rk 

colour, higher organi .. mCJtter content, presence of C\rgillic 

horizon were generally classified as Argiudolls but Fc:pludalfs 

were also present. The soils in the vC\lley basin were mostly 

Hapludalfs but Ochraqualfs 2nd Dystrochrepts were also 

encountered. The karewa soils \,ere predominantly 1.:.1fisols with 

Hapludalfs as the m2in great group. 

6.2 Min~qlog~~al studies: 

i. The light mineral constituted 96 to 98 per cent [lnd were 

dominC\ted by quartz and feldspar. l·iuscovite and kaolin 'were 

also present, whereas the heavy mineral suite constituted 

2 to 4 per cent and comprised of biotite m8gnetite, opaque 

mineral, tourmfaline, chlorite, augite, hornblemle, ilmenit Co' and 

zircon. Mineral assemblage observed in these soils reflected 

their origin from metamorphic rocks present in the area. The 

miner2logy W8S almost similar in tne three zones but varied 

in pro port ion. 

ii. The cation exchange c2pacit y of the clay S2.mples varie:d 

frLm 36.42 to 44.81, 28.36 to 36.42 and 26.40 to 36.48 me/1 00g 

in high al ti tude, valley basin and karewa soils, respecti vel} 

I<lhic11 sholJed the pr"sence of illite 2nd chlorite. On the basis 

of molar ratios the Si02/R203 of 2 to 3 observed in these soils 

sup orted the \?resence of illite and chlo).'ite. Similarly, 

Si0 2/A1 20 3 ratios found between 3 and 4 suggested the presence 

(3.5 to 6.3) indicated 

the presence of illite and kaolinite in these soil clays. 

iii. X-ray diffr~ction stUdies revealed the presenceof illite, 

chlorite, vermiculit e, kaolinit e and int (O'r-str2t ified mi!1crals. 
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(in t 'le order of abundance) in these soils . I llit e may have 

formed due t o hydro l ysis of felds~ar and inherit ed f!'OIT. l-l ar .,nt 

mat'3rial also. Chlorit e was ,·resent i n a ll t he s amples 8.nd 

might have been formed due to transformation of primary 

mi neral and due :; 0 the degradation of il ~ite. Vermiculit e 

may have formed from il l ite and chlorite. l',aolinite thou3h 

[Jresent i n r €l at ivel y smal l ail',ou nts may leave beem i nherit cd 

fr m t he parent r ecks and by a lluvi u m. Degraded ilE te lies 

al so present . 

6 . 3 ~die.§ Qrl pot as s}.!::!E: 

1. The avai lable h var i ed freITi 111 . 87 to 130 . 29 , 9 1. 74 t ... 

109 . 90 and 8 2 . 22 to 10 1. ':)0 Pl-l r.; in hig:1 altitude?, valley be..;L 

aLd karewa soils , respective ly . On the convent i onal soi l 

fert ility eval uat i on sca l e , t hese soils are reted high i n 

avaJ.labl e K status . 

ii . The contents o f non- exchangeable K \ 1NHN0 3 K) pr e sent 

in the thr ee. 20n25 I'I [' S adequate . The Yle i ghted av erage? values 

ranged from 87 2 t o 930 , 591 to 855 and 629 to 7 53 ppm i n rug 

a1tj.tude , valley basin ane karcl'}a soils, resp ect i vely . The 

soils wer,_ hi gh in total K and the weig '1ted average val UeS 

ranged from 1. 63 to 2 . 26 , 1. 83 to 2 . 06 and 1. 6 3 t o 2 . 10 per' 

cent in high altitude , val Ley basin e.nd l:are?w a soils, 

resp e ctive ly. The higher cont ent of total h l"ay be at t ri bu:.cd 

t o 'c"'K pre senc e uf orthoclase , mus cov it e anc illite . 'lh0 

K-fixing c a pacity of these sOils -ti 8S 267 , 254 and 245 ppm 

i n the hi gh a lt l tude , va l l ey basln and karewa soils, 

r e s pectively and was significantly cor related \'lith organic 

c;:,rbon , C"'C , . It dI d C C(' '-' s~ , san , c ay 8Il [; ~· 3 ' 



iii. The total K as extrrctc:d by HF in clay, silt nnd fine 

sand fraction averaged to 2.25 to 4.40, 1.80 to 2.80 anG 1.25 to 

~.80 per cent, respectively. The HCl soluble K vi"!ried from 

1.35 t( 1.80, 1.10 to 1.48 and 0.28 to 0.68 per cent in clny 

silt and fL1e sand, respectively [md the corresponding values 

with 1Nr1N0
3 

were 0.45 to 1.05, 0.20 to 0.65 and 0.10 tc, 0.28 per 

cent. The contents of these forms of K had a negative 

correlation with the size of the particle. The contribution 

of clay was comparatively more towards all forms of K indicating 

the predominance of illite in these soils. 

iv. Green house studies revealed that dry mntter production 

was 1.25 gm/3 plant withKO, it increased to 1.;,32 gm/ l:ith 

K200. It did not show tht. corresponding increaee with E4CXl but 

'6 ' was more \ 1. 3 gm) than control. The content of h in the Wh2C.t 

plant increused with the i.lcreQSe in K levels. The K content 

in plant vms 0.78 per cent 'Ilith control, 1-lith K200 ppm it 

increased to 2.50 per cent with l'.400 ppm it incrensed to 3.20 pe:' 

cent. The uptake of K by wheat plant with ](200 ppm 'lias remarkably 

sup~rior ovc,r control Qnd the uptake with 400 ppm K though 

significant over control WClS not in the same proportion. Dry 

matter yic;ld li8S significantlY and positively corrlJlatod l'lith 

exchangeable K. K concentration 2nd K-upt~o Vi;;t; significantly 

correlat:cd I'lith exchangiCable and non-exchangeable K. 

v. 1'he post harvest analysis of K in tho soil sample:s 

showed th"t tho contents of N1l40f,c 1., and 1NI-i:'J0
3 

J<. were; re18t.Lv(:ly 

less than the initial correspondinG v::;lues. There was an 

average decrease from 25 to 36 p['m in NH40AC I> arld 65 to 210 P!..'m 

," , 



in 1NHNO 3 K uu" to cropping. The ",deli tion of K incrcC'sed the 

contents of exchangeable and non-exchangCc[lble K in thc:sc' soils. 

-;L Amongst the Quantity/Intensity relations, potil.'cium 

2.ctivity r2·tio sk/ J:iCCa+Mg) did not provide any si!;nificcmt 

correlation "ith K-Upt2kc and ""s neg2tivc;.iy corl'eL:tcd \;ith 

clay content. The r~,tio,Jas of the· order of 10-3 indicating 

a 10 vi intensity pnramctc,r for immediC'.te L-supply. The: me::n 

';'mtial activity ratio v2lues ranged from 4.2 to 4.7 (I''JfL )"2'10- 3 

and after cropping the valuc!s averaged 1.6 to 1.9 (H/L)~10-3 

';,n these soils. The free energy VElluc. s indicated oQtimum amou,jt 

(f availai,;le K in the soil. The: vc.lues changed Wl th the crop 

hnrvest; the depletion due to upt ake caused dcficiency of 

i~vailable K in these soils. The initial values of L::.. F ranged 

from -3190.96 to 3245.47 and Lfter crop harvest it vcried from 

·-3734.55 to 3871.90 c:::,lories!equiv. Til(!!: vnlues of is.F were no-c 

corrc:lat ,d with upt3ke of K, clay, !C40AC 11. and fixed K. The 

initial voluc:s of labile K rangLod from 0.1115 to 0.1272 me/1 0Gg 

Clad the vdues after crop harvest ri1l'lged from 0.080 to 0.Cl33 

me/100g in these soils. The labile K ""as less than the 

'Nailnble K in nil these SOils, th'--ls indic'iting th", remova.L of L 

by crop froIll non~lnbile pool. Lccbilc: K was m·t correlated ",;it:-

u"take of ;. by plants but \1as positivC>ly conele.tcd "lith 

av:::iloble K. Depletion of non-Llbile K by plants is likely 

to s~~rink tbe potassium reserves. The initial potential bufferiq 

copacity vEo.lues ranged from 22.48 to 30.09 me/100g (I';/L)2 nne: 

'3-Hcr croppi'1g the volues rang:d from 36.75 to 45.42 me/10\.;g 

(M/L)t. The values observed "ere loVl but int"rmcdi2tL te! thos:.: 



of high valuG of smectite dominant nnel 10\\1 v21ues vf knolini-;'u 

dominant soils. It is attributed to the dominance of illite: 

in these soils. 
. k 

The 10\\1 PBe suggest"d the ne,cd for 

K-fertilization to these. soils. ThL: valu es did not ru,ch 

level of signifL.;ance with uptake of K by plOIlt and \';as 

.;>ositively corrolated with clay. 

The present investigation r<:vealed inform[l~ions of 

..... 
L. 11 L.. 

&ppli0d nature which l1itherto i'Jere not known in detail b2sidl2s, 

"bringing out some new facts into light about the soils of 

K 2srunir. There exist good reserves of potassium in Kctshmir 

soils but with butt er agriculture, these reserves which in 

principle are not in exhaustablc, may not kec.op p2.ce \\lith the 

huge removal of K due to cropping and froi t [,roduction. Thus 

t"'p need for K fertilization. 

The present study though first of its ldnd on Kushmir 

soils needs further investigations in various soil zones "lith 

lIn!.1 ogriculture and horticulturnl cr0b'S so that [,)allY of tl':~e 

mysteries of soil potassium are unraveled and a sound 

policy is developed for efficient potassium fertilization 

fer dccelcl'''lting agricultural production 1"ii thou t unduly 
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Appendix I. }lorphological characteristics of soil 
profiles from various zones of Kashmir. 

---, .• -.. --~---
Profile No. 1 

Classifi cation 

Location 

Physiog~aphy 

Elevation 

Vegetation 

Parent material 

Horizon Depth (cml 

Ap 0-'15 

B1 15-35 

B21 35-50 

B22t 50-125 

B23t 125-150 

Profile No.2 

C lassificat ion 

Locaticn 

Physiography 

E levc:t ion 

Vegetation 

P nrent m2.terinl 

Pahalgam 

Typic Hapludalfs, clayey mixed thermil. 

Maize Research Farm 

Mid slope of hills with moderate 
undulations, 2-4 per cent slope. 

2200 m 
Cultivated, surrounded by coniferous 
vegetation. 

Sand stone, shale, gneiss, schist. 

Descri[J.:t.i.QQ 

Light yellowish brol-in (10YR 6/4) dry, dark 
yellowish brown (10YR 4/4) moist, clay loam, 
medium moderate sub angular blocky, slightly 
hard friable, slightly sticky and slightly 
plastic, many fine to medium roots, gradual 
smooth boundary. 

Li ght ye 110VJ i sh broVJn (1 OYR 6/4) dry, ye llo~li sh 
broVJn (10YR 5/4) moist, clay loam, medium 
moderat e sub angular blocky, slightly hard 
friable slightly sticky ffi1d plastic,many fine to 
medium roots, gradual smooth boundary. 

Brown (7.5YR 5/4) dry, dark brown (7.5YR 4/4) 
moist, silty clay loam,coarse strong sub angular 
blocky, hard firm, sticky and plastic, few thin 
patchy clay skins on peds, few fine roots, 
diffuse smooth boundary. 

Light brown (7.5YR 6/4) dry, dark brown (7.5YR 
4/4) moist, silty clay 102m, medium strong sub 
angular blocky, hard firm sticky and plastic, 
thick patchy clay skins on ped faces, diffu~e 
smooth boundary. 

Pale brown l10YR 6/3) dry,dark brown (10YR 4/3) 
moist silty clay, coarse strong sub angular 
blocky, hard, firm sticky and plastic, thick 
patchy tlay skins on ped faces • 

Larnoo . .. ,'. 

Typic Hapludal!s •. clayey mixed thernill' 

E~st of Ric: Reserrch Farm (200 m away). 

Fooi. slope, terraced surrounded by hills. 
1-2 per cent slope. 
2200 m 

Cultiv2ted, surrounded by coniferous 
veget::-tion. 

Snnd stone, shQle, gneiss, schist. 



B1 

B21t 

B2?t 

(ii ) 
\ 

Depth (c,.mL ____ De~c,.r.iRtion_. ____ _ 

0-18 Light yellowish brown (10YR 6/4) dry, d2rk 
yellowish brown (10YR 4/4) mol-st, silty clry loem 
medi um "J,,:Jk sub-ongu13r blocky, slightly hard 
friable slightly sticky ond slightly plC'stic, 
mr-my fine to medium roots, gr':dUC'1 smooth bound I 

18-70 Browr(7. 5 YR'Oic~.) moist, silty cb. y,m"dium moderdc 
sub nngul£1T blocky, sticky and pIa stic m2ny 
fine to medium roots, gradual smooth boundary. 

70-120 Dork brown (7.5YR 3/2)moist, siltYcl-y mLdium 
moder'lte sub-DngulC'r blocky, firm sticky .:md 
uloctic , few fine potchy cl~'y skins on peds, 
diffuse smooth bound-'ry. 

120-150 Dork bro.m (7.5YR 3/2) moist, siltyclrymtdium 

Profile No,3. 

Cbssificotion 

Location 

Physiogr"phy 

Elev-tion 

V"getction 

Parent mc·teriol 

moder"te sub'1ngul::r blocky, firm sticky ::md 
pl-1stic, thick potchyclny skins on ptd f~,ces. 

Sonom'lrg 

Typic Argiudolls, clayey, miXed thermic. 

Mendow lend on the ~~nk of river Sindh. 

Undulrting upl-:nd surround0d by hills 
2 -4 per c2nt slo"'le. 

2600 m 

Postures surrounded by coniferous vegetotion 

Gneiss, schist ond sl::1te. 

Hori~Q£ pepth(cm) ____ Descri~-::t~.~ ___ . 

Ap 0-20 

B1 20-60 

B21t 60-90 

B2?t 90-120 

Greyish brown (10YR 5/2) dry, very drrk greyish 
brown (1 OYR 3/2) moist, claylonm, m"dium w,,[lk 
sub-ongulor blocky, soft trioble slightly 
sticlW"nd slightly pl"stic, mnny m~dium CODrse 
root s, gr"clucll smooth boundary. 

Dork grey brown (1 OYR 4/2) dry, very dork 
brown (10YR 2/2) moist, cl-'ylonm, medium 
moder,. te sub-ongulnr blocky, soft, fri~' ble 
slight ly sticky ond slight ly pl- stic, many 
m('dium coarse roots, gr-dU':,l smooth boundc1ry. 

Brown (10YR 5/3) dry, d~rk brown (10YR 4/3) 
moist, silty cloy loom, medium moderate 
sub--mgulo r blocky, slightly herd fri['ble sticky 
c'nd slightly plostic, fo" thin potchy cloy 
skins on peds, few fine roots, gr"duo'11 
smor,th bound" ry. 

Yellowish brown (10YR 5/4) dry, dork ycllov.'ish 
brown (10YR 4/4) moist, silty clr'y, medium 
mod, r~te sub "ngul:cr blocky, h~rd ::,nd firm sticky 
~:nd pl~stic, m~ny thick pcltchy c1:1y skins on 
p"d f:"Jces, gr~du:Jl smooth boundrtry. 



(iii ) 

120-150 Yellov'ish brown (10YR 5/4) dry, d~'rk ydlowish 
brown (1 OYR 4/4) moist , silty clc,y, c o::rse 
strong sub ['ngul~r blocky, h~rd ond firm sticky 
cnd ulostic, m~ ny thick pc1tchy cl:'y skins on 
ped fncts. 

'ofile No.4 Gulm" rg 

assificction TypiC Argiudolls clDyey m.ixE:d th"rmic 

)cot ion Po t[lto f3 rm. 

c:vrtion 

",getDtion 

Hummocky upl[lnd, terraced 2-3 per cent 
slope. 

2540 m 

Cultiv~ted, surrounded by coniferous 
vegetntion 

rent material &'1nd stone • Cong lomerate, schist. 

Depth(cm) 

0-20 

20-50 

50-90 

1.1-150 

.lf11" No. 5 
:r;ssific~tion 

'r' 'u~[i tion 

. ~ysiogr[lphy 

., ·!vction 

,et:Jtion 

_ n D"scr:ipti£!! _____ _ 

Light brownish gr"y (10YR 6/2) dry, v~ry dnrk 
greyish brown (10YR 3/2) moist, silt loom, mcdi~ 
we"k subc'ngul'1 r blocky, soft friable slight ly 
sticky ::md slightly pbstic, mony m"dium cOC'rse 
roots, 9brupt smooth boundory 

Very drrk greyish brown (10YR 3/2) moist silt 
lO~ll. medium weGk sub"'ngul~ r blocky, slight ly 
stickyrnd slightly nl[lstic, m~my medium coors" 
roots c,brupt smooth bound'lry. 

Very drrk gr2yish brown (10YR 3/2)mDist silty 
c by lD:Jm, m~'di um mod l:r~ tE; subetngula r blocky, 
slightly hGrd fri~b10 sticky [lnd plDstic, few 
thin pc tchy cl'1y skins on ped foces, fE;w fine 
roots, grcdu~l smooth bound~ry. 

Light YE;llowish bnwn (lOYR 6/4)moist milty 
c l2ylanID, mtdi um mJder~ te sub,·ngu 10 r blocky. 
slightly h'1rd, frioble, sticky "nd pl:::stic, 
m'1ny thick po tchy c l~'y skins on p(;ds. 

Chandig2m (Sog2m) 

Typic Argiudolls clayey mix"d tht=I':lIic. 

Forest 200 m :Jv'oy from tourist hut • 

~lid slrtle of [' hi II wi th forest vegt:t~ ti0D 

1900 m 

ent m'lteri:Jl 
Coniferous vegetntion 

Sond stont: - sho12s. 



H') ri 7f'n Dlmt.h Cc:..ml. 
0-17 Ap 

B21t 

B22t 

B23t 

17 - 60 

60- 90 

90- 150 

Pr(lfi Ie No . 6. 

Class ificAt ion 

Loc2tion 

Phy sio graphy 

Elevation 

Veget-t ion 

Pe> rent me>terial 

Ho ri7on Depth(cm) 

Ap 0- 20 

B1 20-40 

B2 1t 40- 70 

(i v) 

_ ___ R." §.£.I:j.J2 t t c:_n _ _ ___ _ 

Dark , greyish bro~:n (1OYR 4/2 ) dry , very d8rk 
greyish brown (10YR 3 / 2) moist, silt loam, 
med i um weak sub angular blocky, soft, friable 
slightly st i cky and s lightly plastic, many meCiL.l 
coarse roots , abrupt smooth boundary . 

Brown (10YR 5/3) dry , dark brown (1 0YR 4/3) 
moist, silt loam , medium weak subangular block)" 
slightly hard fr iable slight ly sticky and 
slightly plast i C, thi n patchy olay skins on ped 
faces , many med i um coarse roots , gradual s moot h 
boundary. 

Yellowish brown (10YR 5 / 4) dry , dark y ellowish 
brown ( 10YR 4 / 4) moist , s i lty clay loam , medium 
moderate subangular blocky , hard firm stieley 
and plastiC , many thick patchy c l ay skins on 
ped faces , few fine roots gr a dua l smooth bounCa r y . 

Da r k yellowish brown ( 10YR 4/4) moist , clayloam, 
medium moderate subangu l ar blocky , hard , firm, 
sticky and plastic , many thick patchy c l ay skins 
on ped faces . 

Khudwani 

TY' ic Ochraqua l fs , clayey mixed thermic 

Rice Research Form 

Old 21 1uvial pla i n , 2 per cent slope 

17 00 m 

Cu ltivCl t ed , willo~ls , Acac i a , Pop lc.r .s .• 

Alluvium 

_____ Rescription 

Po l e brovm (1 OYR 6/3) dry , d-rk brown 
(10YR 4 / 3) mOist , silt lo : m, med ium vleak 
subangula r b l ocky , slightly h~ rd fri~ble 
non-sticky ('nd non - plastic , m~ny fine to m~diu~ 
roots gr"du['· l smooth boundery. 

Ye llowi sh brwn (1 OYR 5/4) dry , d r rk ye llowish 
brov'I1 (10YR 3/4) mo ist, cbyloom, medium r.Joder:h. 
sub:mgular blocky , sli ghtly hn rd fri~bl~ slightly 
st ic ky ~nd s li ght :y p l ast iC, many f in~ to medium 
r oots • gr~du f1 1 smooth bound- ry . 

Y;~l lowi sh brown ( 1CYR 5/4) mo i st clc:ylorm , 
medium moder:J te sub"ngul~ r b locky friob l c: , 
s lightly sticky :md slightly p l ::lstic f"w thi n 
p ntchy cl ~y skin s on ped .'3 , f"w me dium f- i nt 
li ght g r ey mOt tlo=s p reslOnt, feV! fine: roots, 
gr~du"l smooth bound- r y . 



B22t 70- 120 

B23t 120- 150 

Pr of ile No. 7 

Cl a ssific~,t i on 

Loc'1t i on 

Physi og rc:phy 

Elev~ t ion 

Veft!t.,t i on 

P:' rent m~. t,-,ri~: l 

Ho rizon pep th( cmJ_ 

A.p 0- 20 

B21t 20~0 

B21 1t 40- 75 

B22 t 75 - 150 

( v ) 

Br o,,'n (7 . 5YR 5 / 4 ) mo i ·.s.t, s il ty c l "y lo:'m, 
me di um st r ong subs n gu l Dr b lo cky , fri ob10 , 
sli gh tly sticky 'nd s l i ghtly pl astic , few thin 
po tchy c l oy ski ns on peds , mrmy medi.um light 
grey mot tle s (7 . 5YR 7 /1), g r : duD 1 smooth 
bound a r y . 

D'rk brown (7 . 5YR 4 / 4 ) mo i s t , s il ty cl~ylocm 
"led ium st r ong subrm gul' r b l ocky , firm , st ic ky 
[lDd p l" st ic , mnny thin p'· tchy clq' ski ns on 
peds , m'1ny mLdium light grey mott10s(7 . 5YR 7/1; . 

Nun:' r (Gonderb'1 1) 

Typ i c Hap lud "' lfs clay ey mi xed t hermic 

Fodder DL velo pment Fo r m 

Ol d a l luvi a l pl~ in 2- 3 pe r cLnt s lope . 

1650 m 

Cul t i v"'ted , AC"c i -: , Pop brs , \'I i 1 10\,s . 

Old :' lluvium. 

_ __ . .DEsc r i pt ion 

P~ l e brown ( 10YR 6 / 3 ) dry , d., rk brown 
(1 0YR 4 / 3) mOi s t , cl::l y lo [lm medium vJ....ok 
sub~ngu l 'l r b locky , s light l y he rd, fric:bl e 
slig htly st i cky ,-,nd s li ghtly p12s tic. 
s li ght l y c:; lu, r cDus, m[my me dium co' rse r oots , 
.' brupt smoo t h bound r-, ry . 

Ye llowish brown ( 1OYR 5 / 4) dry , d"'rk ydlow:!.st 
brov 'n ( 10YR 4 / ," ) mo i s t , cLny l oom, m",d i um 
mod e!r,·te sub"ngul ' r b lo cky , slightly hDr a 
fri"ble s li ghtly sticky :.nd s lightly p l ast ic , 
s lightly C:1lc n,r Q)us , t hi n fevi v ' tchy c l oy 
skins on ned f '1ces , mnny medium coarse r oots , 
g r ' d unl smooth boundo ry . 

Br ovm ( 7 . 5YR 5 / '" ) dry , d"rk brown( 7 . 5 YR 4 /4) 
moist, si l ty clrly loom , m" dium mod ", r:'tt! 
sub"ngul'r b l ocky , s light l y hard firm 31i ghtly 
s ticky ["nd s li ghtly p l '- stic , s lightly co l c ' r eous, 
m(1 ny thin p.,tcy c l ny sk i ns on ped f:.ct;s , few 
fine r o ots , gr '1 d uo l smooth bound <' r y . 

Br own (7 . 5YR 5 / 4 ) dry , d' rk brovm ( 7 . 5YR 6. / 4) 
mo i st , s ilty c l'y lo~m , m~d ium moder ote 
sub~' ngu l "' r b locky , s lig htly h' rd , f ir m, sticky 
'nd Cl l '1stic , mnny thin p, tchy c l '1 y ski ns on 
ped fnc es . 



Profil" NO I S 

CI a s sific [1 tion 

Location 

Physiogrophy 

EI"v~ti on 

Veget,t i on 

Horizon Depth(cml 

Ap 0-1 5 

B2 1t 15..q5 

B2 11t 45 -9 0 

B22t 90- 150 

Profi Ie No. 9 

Clnssificoti:ln 

Loc1ti on 

Physiogr"'phy 

EIev~tion 

V~['",t"t i on 

P"rent m"terin i 

H'J..rl.?.on Q.epth_(~_~ 

Ap 0-1 7 

( v i) 

She lim~' r 

Typic H[1P~d[1lfS cIny~y mi xed thermic 

Universi t y Ferm , Horticulture B'.ock. 

Foot s lope 2 - 3 p",r c ent s l ope 

1600 m 

Cult iv~ted l~, nd , Pop l "rs , Willows 
frui ts p lonts. 

Old a lluvium 

_ ___ .R"'..§£ ri p...;t.;;;i.;;o.;;.;;n ___ _ 

Li ght ye llowi sh brown ( lOYR 6 /4) dry , derk 
ye llowish b rown (1 0YR 4 /4) moist, s ilt I Dem 
medi um wen k sub:-ngu l [1 r blocky , slight l y herd, 
fr inblc, slightly sticky f1nd sl i ghtly pl~stic; 
m~ny mLd ium co ~ rs~ roots , "'brupt smooth bound'ry. 

Lig ht brown ( 7 . 5YR 6 /4) dry, bro\om(7.5YR 5 / 4) 
mo i st , c l :-y l o-m , med ium weok sub:mgu l ar blocky, 
fri ~ble , s lightly st i cky ~nd sl i ghtly pl ostic 
th i n f lOw p[' tchy cl-y skins on p"d fc-ces , me,ny 
medi urn co'rse r oots , grr'dua 1 smo oth boundc,ry. 

Bro'lln ( 10YR 5 / 3 ) dry, dc' rk brown (1 0YR 3/3) 
moist, s ilty cloyloom , medium moderote subungul~r 
blocky , firm , sticky ; nd p l~s tic, thi n few pctchy 
c l ['y ski ns on ped f~ c"s, few f int: r oots , gr oduc l 
e !l1ooth boundary. 

~~rk gr eyish brown (1 OYR 4 / 2 )dry, very d~rk 
gr eyi sh br o\Oln ( lOYR 3 / 2)moist , silty cL~y , 
medi um moder~te subongu l nr blocky , fi r m sticky 
nnd pl'stic , mony thim pctchy c l oy skins on 
p(:d f :> ces . 

Podgomporn 

Typic Hbplcquept fin e silty mixed thermi c 

Agricultur e Farm 

V~ lley b,s i n - f l ood p l o in 2 per c"nt slop~. 

1600 m 

Cultivoted , Pop l ars . Wi llows , Acccio 

Alluvi um 

___ _ De ll'2Lip.t i on _______ . 

Light gr.=y (1OYR 7/1) dry , g r t?y ( lOYR 5 / 1)molst, 
silt l oom, mtd i um wc:ok sub:,ngul:::r blocky. slightly 
h"'rd , fri~ble , slightly st i cky nnd s light l y 
pl ~ stic , moder~tely c D l c"'r~ous , mony m~dium 
coo r se r oots , gr 'duo l smooth boundary. 



B1 

B2 

17-85 

85-110 

110 

Profile Na.10 

Classification 

LOCflti on 

Fhysiogrnphy 

Elev-tion 

Vegetnti:::m 

Pnrent IllL't2rial 

Horizon Depth(cm) 

Ap" 0-17 ,. 

B1 17-35 

B2 35-85 

B21 85-150 

Pr"file N~l. 11 

Clo ssific~tion 

L::lc~ticm 

PhYsicgr"phy 

Elev"tiC'n 

Veget-tion 

Pnrent ID" terin 1 

(vii) 

D"rk greyish brown (10YR 4/2) moist,silty 
cl"ylo"ID, m'.dl\.itn ~Je:;k subangul~!r blocky 
slightly h"rd, fri~ble, slightly st~cky ,md 
slightly pl~ stic, IDoder~ tely C[llC~lr\;>OUSj fe~1 
medium faint YLllowish brClv;n m'>ttles; mc·ny 
medium coorse roots, gr"duol smooth boundDry. 

D~rk yellowish brown (10YR 4/4) moist, silty 
Glayloam, I\ledium weok subrmgul~'r blocky, fri::.bh, 
slightly sticky and slightly plostic, modcrot~~­
c~lc,seous, few mt:dium faint YE:llo\<lish brovll1 
m.?ttles. 

Water oCl&ing out 

Hondworo 

Typic Dystrochrept,fine silty mixed th~r::ic 

Horticulturol Nursery - Chogul 

Alluvial fon with 2 per cent slope; 

1630 m 

Fruit nursery pl,nts, willows, Paplrrs 

Alluvium. 

___ ..;;D:.::e;.!:s:::c;.::r..:.iJ~t!on_ 

pne brov'n (lOYR 6/3) dry, yellowish brown 
(1OYR 5/4) m~ist, silt loam, medium weak 
sub"ngulor blocky, slightly hc'rd,' friable, 
slightly sticky "nd slightly plastic, many 
fin.? tC' medium r0Jts, gr- dU'll sm~,.lth boundcry. 

Ye'l::>wish brown (10YR 5/4) dry, d:Jrk yellowish 
br~wn (10YR 4/4) m:>ist, silt lO:JID, medium we[,k 
subrmgulnr bbcky, slightly h~rd frinblE:, 
slightly I'lticky nnd slightly pbstic mony fine 
t:> medium r0ots, grcdur'l sm:~:)th boundnry. 

Dork yellowish br0wn (10YR 4/4) moist, silt 1,-;:), 
mc-dium w,-,ok subrmgul~r blocky fri:,ble, slightly 
sticky "nd plrstic, few fine r:Jts, groduo.l 
sm,)Qth boundory. 

IYlrk yelbwish bro'wn (10IR 4/4)maist, silty 
cl~yloo.m medium m~dero.te subongulor block) firm 
slightly sticky "nd slightly pIo st ic. 

T.::JpT 

Typic Hoplu,'c lfs clayey mixed thermic 

Agri: Farm 

PI~in upl~nds 2-3 pE:r c~nt slape 

1700 m 
Cult iv' ted, pc-'pio rs, 1villalVs 

L~custrine dep')sits 



Ap 

-.322t 

2 3t 

12i:pt!1.LcI~.L 
0-15 

15 -3 5 

35 - 60 

60- 90 

90-1 50 

Pr ofi le Nr· .12 . 

C lossific~ti')n 

LOC[1ti on 

Phys io gra phy 

Elcv~ti c>n 

Veget~t i :-> n 

Parent mr-terial 

' .!i1..'::m Dej? th(cm) 

0-16 

16 - 31 

~ 1t 31-47 

(viii) 

Descrie..t i :'n ___ __ _ 

Ligh t yellowish br ::> wn, (1 OYR 6 / 4 ) dry, dork 
br~·wn (1 0YR 4/3) m:' i eiti " cl ::y loom , medi um 
m:J dernte subcn gu l o I' bbcky . fri" bli= , s li ghtly 
sticky nnd sli ght ly p l nstiC , many fine t:J 
ml}dium r r'ots , abrupt sm:)(lth b')undo r y . 

Ye llo\'l i sh b r oVin (1 0YR 5/4) dry , dn rk y-::ll')"iD~l 
or')~m ( 1OYR 4 / 4) mc ist , silty cloy l ~ :-_ n;, r.kdi-:': 
mod erat", sub['ngul11r blocky, firm , sticky anj 
p l nst ic mr>ny f i ne t o m"dium r oots , g rnC:u~' l 
smo')th b :Junda r y. 

Greyish. brClwn ( 1 OrR 5 / 2 ) dry , Vc- ry d~' rk , gr< i:: 
brc· vm ( 10YR 3/ 2 ) m::>ist, silty clnyl :JGm , mlcdiu,J 
mnd er,·t(; subangulnr b l ocky, firm sticky ')nd 
plastic , feVi t h i n potchy c l .:lY ski ns on peds , f ". 
fine r oots, diffuse smr") th boundary. 

Dr-rk greyi s h brc' v'n (1 0YR 4/2) dry, v",ry dcrk 
greyish brC' WTI (1 0YR 3/2) m'Ji st , silty cl.::y l c" r... 
medium mnd(;rote suban Bulc' r blocky, f irm, stic'.:. 
[md p lnstic, mnny thin potchy clny skins )n ;:. c: 
diffuse smr' th bounda r y . 

Ye ll owish brown (lOYR 5 /4) dry, dark yeo Lb1,lisi'l 
brown ( 1 OYR 4 / 4) moist, s ilty c l ay , mi=d i um 
moder.,te s ubnn gubr blc cky , firm, sticky 'nd 
p l ost ic, mony thick p.ot chy c l ,.,y skins ::m p L:ds. 

Typ ic H'1p lud~ lf s, cl.': Yi=Y mixed th"r;!lic 

M:) i 7e R(;s" .~ rch FeJ rm 

T:ble l ::nds :Jf l"custrine de p:>sits, p lO1:'1 
2 per c~n t slape. 

1600 m 

Cu l ti1tnted, IVill::Jws, Por l .:l rs 

Lc·cust rinE; depos it s 

Descrirti c:n 

P" i e bro'wn (1 OYR 6 /3) dry, d::' rk br ')wn 
( 10YR 4 / 3) mo i st, s ilt l oom, medium 1f1".:lk, 
sub::m gulc- r blocky sl1 !3htly h~ rd , fri:'ble , t;li g l1 t l ~­
sticky "nd s li ghtly p l astic , many mediurn C::>~"'S ;­
r oots, obrur t sm 20th boundary. 

Light brown (7 . 5YR 6 /4)d ry , d ~ rk br?Wn(7.5Yh 4/4 . 
mo i st , s i lt iDem, med ium mod0rate subongulor 
blocky. h:-<rd , fri' b l e , slightly sticky Dnd 
sl i ght ly pl [' stic, m~lTIy !lj ~ dium cOl'J rse r oots , 
gr ~ du~ l smooth b~undnry. 

Drlrk brown (7. 5YR 4 / 2 )dry, ::md (7 . 5'lR 3/2)m::J i~t . 
c l :o ylo'1m . med ium m:Jder·'] t c: sulx:ngul~r bl~cky 
h'lrd , firm . sticky 'lnd ;: 1- stic , slifJJtly 
c~lc:Jrc~us , f0\'/ t h in rc,tchy c l :y ski!1s on i;l:C~ 
feJces, f-::w f ine r ,'):J ts, g r~duol sm -J th b ::>undo r y. 



'i 1t 47 - 97 

2t 97 - 150 

Pr e- file No. 13 . 

Cl assif i cat i on 

L::J cotion 

Physiogr~rhy 

El evrti on 

Vegetrt i ::Jn 

p..., r"nt mo t e:: r in l 

l"i 2 0 n Derth (cm) 

0- 20 

I t 20-60 

1t 60- 85 

i; 85- 150 

( ix) 

D0 rk ye llowish brown (1 OYR 4 / 4) dry , da rk breJ'ln: 
( 10YR 4 / 3) moist , si l ty cloy l oDm, medium 
moder rte sub(1ngu l~ r b l ocky , hard , firm , sticky 
ond r l ostic , slightly cu lcareous , thi ck man y 
p...,tchy cby skins on ped faces , gr: dual smoo th 
b oundnry. 

Pn l e brown ( 10YR 6 /3) d r y , brown ( 10YR 5/ 3) 
JTlo i st , silty cloy m0dium str::mg suoongul:l r 
blocky , h~ rd , firm , sti cky ond p l asti c 
lime concreti ~ns ( 2 mm ), ca l careous , many 
thick cloy skins on ~ ~d f , ces . 

Pam~ ore 

Ty : ic Harl ulolfs c l oyey mi xed t ht r mic 

Saff r on Fnrm 

Lrcustl" 1nede:. os i t ,pl[> i n 2- 3 ~ tr c",n t sl ::> ,, £. 

1600 m 

Und c:r cultivot i on , Poplars , lI'"illows 

Lacustrtno dej:o s i t 

Descri l t Lm 

Yellowish brown ( 1 OYR 5 / 5 ) dry , da r k ydlJ'tlish 
brown (10YR 4 / 4) moist , silt l oom me dium weok 
6ubonguln r b l ocky , slight l y hord , sl i ghtly st i cky , 
s li ght l y r 1::< stic . f ri C' b l e , slight l y calCar"~'b ~ 
mony fine to mc=dium r C':,ts , obru;. t sm":o th tr d;ry . 

Brown ( 7 . 5YR 5/ 4) dry , dc rk br0wn (7 . 5Y'"r\ 14 / 4) 
mo ist , silt 100m, m"d i um m::ld ern te subangu l nr 
blocky s light ly hn r d , fr i oble , slight l y 
st i cky 0ne s li ghtly p l astic , l ime c oncreti Jns 
(2 - 5 mm ), ca l c r rl ous , few fine r otchy cloy skin s 
on re ds , mony fine to m"dium r C' ots , grodunl 
sm [) oth bouYldrry . 

Brc,wn (7 . 5YR 5 / 2) dry , dark brown (7 . 5YR 4/2 ) 
m'-' i st si l ty c l oy lnom, me dium modera te 
suba ngular b l ocky , ha rd , firm , sticky :lne 
r l astic , lime c ::mcr" ti :ms ( 2- 5 mm), colcore .)Us , 
mrny thick patchy cl:>y skin s n l; "ds , fevi 1'il: " 
r oo ts , gr'"'duo 1 sm0C'th bound .J ry . 

Very r 1", brown ( lOYR 7/4) dry , ye llowish or : :·m 
( lOYR 5 / 4) moi s t silty cln'l , m"d i um mocer:l tL: 
su bongu la r b l ocky , h:"1 rd firm, st i cky on d ;: l~ stic , 
l ime cL'ncri:ti Jn (2 - 5 mr' ) , c :; lcortous , mc.ny t t i r 
rotchy clay skins on ~eds 



Pr ofile No . 14 . 

C l(1ssific ~ tion 

Locati on 

Physbgr alchy 

El evnti:m 

Veget :lt i 2n 

P2rent ma t e ria l 

HO~~~E Dep t h ( cm ) 

A.!) 0- 20 

B1 20- 50 

B21 t 50- 85 

B22 t 85-1 50 

(x) 

Koil ( Pu l womo ) 

Ty; ic Ho~ ludn lf s fin~ silty mixed th~rmic 

Padgampor o PuhlDmo r ood . Ri ght h..'1nd s ide . 

Tab l e l ands :Jf l acustri ne de;:os it,( K:1r~ •. m ) 
r l n i n , 2- 3 r er cent s l ope . 

1650 m 

Unde r cultivat i on , fruit p l ants 

Lacustri ne de~o sit . 

___ Desc ri;:ti :m 

Li ght b r own (7 . 5YR 6 / 4) dry , b r wn ( 7 . 5YR 5/ 4) 
moi st silt l O:Jm , med i um vleo k subongu l a r blocky , 
sli ghtly hn rd, fri oble , s1ight ~y sticky and 
s li ghtl y ;_' l a s t ic, moderot£-ly c-alca r eous , mnny 
fine to med ium r oots , groduo l smJ-.: th boundary . 

Li ght br own (7 . 5YR 6/ 4) dr y , b r own(7. 5YR 5 / 4) 
mois t , s i lt l ODm , med i um moder ate suoongul nr 
b l ocky , slightly iL..,rd , fria ble , s li ghtly st i cky 
:md s li ght l y p l a stic , mr·derate ly ca lcareous , 
many fin L t o medium r oots , gr Ddual smooth boundor ~-, 

Yellowish br own ( 1 OYR 5 / 4) dry , dork ye ll owi sh 
brown (10YR 4 / 4 ) moi s t , silty c l ny l onm , medium 
mode r ['tf' subongu l a r b l ocky , sli ght l y hn r d , fir m, 
sticky ond ~ lastic, l i me c onc r et i on ( 2- 5 mm ) 

calcareous , mnny thin ~~tchy clay skins on ~eds. 
f ew fi ne r oo ts , abr up t smooth bounda r y . 

Yellowish (1 OYR 8 / 6 ) d r y , yel l owish brawn 
(1 0YR 5 / 8 ) moi st , silty c l ay l oam , med ium m~derat~ 
subnngu l a r b l ocky , ho r d f irm, sticky an d p l as t ic , 
lime conc r eti on ( 2 - 5 mm), c a l c::lreous , many t hick 
c I n y skins on ;-ed s . 



Appendix II: 

( xi) 

Hul tiple regression equations indicating the 
relationship between forms of K and properties 
of soils from various zones of Kashmir. 

a) Water soluble K = 
** 7.271 - 3.458 pH + 0.216 organic cabron 2 

+ 0.320 clay + 0.340 silt + 0.424 sand R =0.3273** 
= 10.233 - 3.718** pH + 0.314 clay + 0.333 2 

silt + 0.426 sand R =0.3262** 

= 42.164 - 3.840"* pH + 0.021 silt + 
0.119 sand 

= 42.90 - 3.812** pH + 0.120 sand 

R2=0.3210H -

R2=0.3199** 

b) Exchangeable K = 

= 90.74 - 6.159 pH + 5.796* organic 
carbon + 0.054 claY + 0.288 silt + R2=0.4S38** 
1.022 CEC 

= 95.99 - 6.348 + 5.560* organic carbon 
+ 0.237 silt + 1.054 CEC R2;Q.4835** 

= 46.364 + 7.006** organic carbon + 
1.577-a CEe R2=0.4634 *1:-

c) Non-exchangeable K = 

d) Total K = 

= 6.207 - 31.456 pH + 40.44 organi~ 
carbon + 9.887 clay + 8.040 silt + 
4.437 sand + 6.576 CEe 

= 470.79 - 34.444 pH + 40.920 organic 
carbon + 5.515 clay + 3.702 silt + 
6.16 CEC 

= 127.192 + 50.220*organic carbon + 
6.081 clay + 3.76 silt + 8.583 CEC 

= 347.876 + 43.02 organic carbon + 
3.783 clay + 10.467 CEe 

= 422.32 + 26.564 organic carbon + 
1L,-. 24 *-ll- CEC 

= 5156.40 - 630.66 pH - 100.68 organic 
carbon + 354.05 clay + 182.92 silt 
+ 128.52 sand - 161.67 CEC 

R2=0.3153* 

R2=0.308S* 



( xii ) 

= 4543.28 - 544.91 pH + 356 . 06 clay + 
182 . 93 silt + 123. 69 sand - 168.7 CEC 

= 17645 . 54 - 639 .96 pH + 233 . 29H clay 
+ 6 1.39 silt - 179 . 27 GEC 

= 11784 . 93 + 231 . 79~-* clay + 52.29 silt 
- 105.42 CEC 

= 14900. 64 + 203 . 6}"·-):- clay - 94.79 CEC 

= 13129. 05 + 196 .78*-" clay 

p- Si gnificant at 1% level 

* Si gni f i cant at 5% level 

R2=0 . 3959'" 

R~=O . 3944"-,; 

R2=O. 387 1'''' 

R2=0 . 381 3'''-' 
R2=O . 3657* 


