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CHAPTER I

TNTRODUCTION

The State of Jemmu ahd Kashmir is mostly & mountainous
region of 222,236 squore kilometer, with 15,8 per cent of the
totil mrea under cultivetion 'nd has mony velleys of varying
dimensions, The Stote is locoted in the North Western corner
of the Himeslayas, The voriotion in sltitude, temperature,
precivitation ond topography has consequently affected the
pedogenic processes particulurly in the Koshmir region wherein
the effect of climete ond vegetotion is more pronounced on the
soil formu:tion, The resultomt effect of fhese pedogenic
processes is the production of orimary ~nd sgecondzry minercls,

which influence the avnil blility of potogsium,

The aveilability of potossium to plents 1s reloted
in mony woys to the structure znd morphology of soil minerals.
The 1-rge port of potsossium in soil minerals, fixation of
- applied potassium ond veoried ion selectivity have led rescarch
workers to study the rel-tionship between potassium uptake
by plents "nd soil mineralogy for many years (Rich, 1972).
It is established thnt in most soils more thon 99,5 per cent
of the tot2l K reserves is 2ccounted for by the inorganic
forms, So far as the aveilable forms of K nre concerncd, clﬁy
frrction oope~rs to be the most importont factor in the soil.
The clny not only acts as o store house of nutrients,
but other importent soil properties like ion exchnnge
equilibris, fixotion =nd diffusion of ions etc.,, 2re
2lso controlled by the noturc of cloy fraction, The properties

of the clay froction obviously depend not only on the dominont
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mine: al present but also on the whole assemblage of the
minerals present in it, It is, therefore, imperative %o
elucidate the detalled mineralégy of not only the clay
fraction but also of the coarse fraction in an attempt to
understand the role of a paftioular soll in supplying

potassium to the plants.

Potassium ig present in soil in various forms;
water soluble, exchangeable, non-exchangeable and inert K
held deep in the orystal lattice, All these forms are of
v'varying 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 seil, The determination of the K
status of s0il is usually carried out by extracting the soils
with salt solutions, weak or strong acids or buffers of acidé;?
and their salts. Depending on their composition these séTutions
extroct the loosely bound K and a variable proportion o% more
tightly bound K from external and internal surfaces of tﬁék
soil matrix and the amount extracted more or less apbroximates
with exchangeable K, Exchangeable K is a measure of the
guantity which can be re¢latively easily mobilized as compared
to the non~exchangesble K. But no informetion is obtaincd as
tc the rote ot which it is mobilized, thus no truc evaluation
of aveilability can be made. There are instances where
exchangeable K mey even be misleading (Grimme, 1976). Beckett
(1964) developed the Quantity/Intensity relationship of

nutrients with particular reference to K tc provide a
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'scientific basis of nutrient availability concept. From
Beckett's reccommended experimental procedure onc basically
obtains o measure of the pool of lebile K i.e, quantity
factor and also a measurc cf the intensity at which thc soil

is capable of supplying the nutrient to the plants.

There is very little information availablc on this
aspect of K-chemistry of soils of Koshmir which are alluviol
in nature, predominantly illite (Ghosh and Kapoor,l1982) and
arc rich in K=-status. But with high yiclding crop Varietios
and better fruit plants make a considerable demand on the
soil potascium reserves. Therefcre, even soils currently
sufficicnt in K-status may begin ko show response to K when

higher amounts ¢f N and P ore applicd,.

The study of mineralogyAin éelation to potéssium
chemistry in asscssing the K-aveilability is likely to
throw more light in K-supplying pottern of these soils. 1In
view of such clc¢ se relationship of mineralogy to .general
aspect of soil fertility particularly K, the present
investigaticns have been made in soils frcm various zcnes

of Kashmir with the following objcctives:

Q. To charccterise the typical soil pedons of Kashmir
for their merpholcgical, physicu-chemical propertics, gencsis
ond their classificaticn into Taxcnomic Units of USDA

comprchensive systemn,
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b To identify primary and clay minerals in the selccted

soil profiles,

o To find cut the relotionship between different K-
frocticns, important physico-chemical properties and mincralcgy

¢f the soil.,
d. To find out the releotionship c¢f soll sceparctes with

verious fourms «f K and k-fixing copocity.

Be To find out the free energy, content ¢f leobile K and
pctentinl buffering copacity befire end after creopping frem

2/1 retics and their relationship with K-upteke.



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:

1w Pedological characteristics

b Mineralogical studies

Ba Potassium supplying capacity
2.1 Pedological characteristics .

Very few pedological reportis are available on the soils

of Kashmir, however, the review as could be available is presente

The studies of Hoon {1939) revealed tha% the Soiig:
developed under deodar and blue pine in Kashmir valley sho@ed
podzol characteristics and those under deodar from Batote rénge
resembled brown earths. Iyer and Dutta (1982) reported fhat
shallow skeletal soils formed from gquartzite rock usually support
chir pine, while deep moist soils developed on phyllite,;shale
and schist carried a good stand of 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 alluviﬁm depositec
- by major rivers like Jhelum, Sindh and their tributaries. The
soils were classified as Aquept, Ochrept, Agquod; Orthod, Aquent,
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 Arsiudolls, Ochraqualfs, Hapludalfs,
end  those of Jammu region into Ochraqualfs, Hapludalfs and

Haplustalfs (Handoo, 1983).

Soil survey conauoted in Pohru catchment of Kashmir by
Indian Photointerpretation Institute, Dehradun (Iyer and Dutta,
1982) classified the soils of the catchment into Hapludolls,
Argiudolls and Udorthents, They further reported that the soils
of the valley are predominantly heavy textured with silty loam
to Eilty clay loam éé the prefominant - *exture. This supports

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

2.1+1 Physico~-chemical properties:

Cation exchange studies are helpful in soil classificetion
and to know the mutrient 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 werc
highly basc saturated and exchangeable calcium was the predominant
cation and varied from 10.0 to 16.83 me/100g. Exchangeable
magnesium and exchangeable potassium varied from 2.25 to 4,0 and
C.33 to 7.16 me/100g soil respectively. Ahmed and Jones (1969)
reported that calcium was found to be a dominant cation in
calcarcous grumusols (derived from lime stone) and exchangeable

magnesium in volcanic ash grumisols.
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2.2 Minerglogical studies

2.2.1 Petrographic study of sand fraction of soil

The sand fraction contains mainly primary and accessory
minerais derived from the parent roeks by the process of
weathering., In subsequent stages of soil development the
weatherable minerals of this fraction undergo physical comminutio:
and chemical disintegration and supply thc reactant componcent
of the soil material for the weathering reaction resulting in
the gencsis of secondary minerals in the soil. The resistant
' minérals of this fraction determine the uniformity of parent
matérial down the profile., Thus the mineralogy of send fraction
together with the rclative abundance of the verious minerals

present contrilbutes to the much needed information about the

ct

genetic correlaticn between the rocks and the soil end the effcc
of weathering process on the disintegration and disappcarance of
minerals ond the formation of new secondary minerals. The work

pertaining to this topic is reviewed here in,

Roonwal and Garalapuri (1982) reported that the fine sand
fraction of red and red loam soils of Andhra Pradesh and
Coimbatore, consisted largely of guartz and feldspar (orthoclasc
microcline and plagioclase) alongwith other minerals such as
“hornblende, iron oxide and zirccen. The mineralogy of the
soils indicate that they are derived frem gneissic ccmplex
parent material. The heavy mineral crop includes hypersthene

augite indicating the influence of charnokite rocks in the zrea.
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The laterite soils are usually reported (Roonwal ond
Garalepuri, 1982) to be composed of zircon, tourmaline,
staurclite, rutile, hornblende, epidote and e¢hlcrite as heovy
.minerals whereas quartz and feldspar is dominant in the light
fracticn. Das {1977) while studying the red and leterite soils
of West Bengal reportﬁthat quartz is predominantly high with somc
feldspars (both plagioclase and orthoclase) in all horizons. He
attributed it tc excessive 1eaching unde¢r moderate acidic

conditions in the tropical region.

Bhargava et al (1973%) while studying the Tunga-bhadra
catchment soils of Karnataoka, used sand mineralcgical make up in
Qlassifying these soils. The soils of younger origin had more
amount of readily weatherable minerals viz. pyroxene and
amphiboles whereas the soils which have undergcne prolonged
weathering were lacking in such minerals and in turn were
dominated by zirccn, garnct, iron ores and epidote. On the
centrary the soills occupying intermediate pesition with regard
to the degree of weathering, contcined amphibole in significant

amount,

Sehgal (1970) repurted that there was regular decreasc
in hornblende in sand fracti.-n as onc proceeds frcom the aridic
through ustic tc the udic soil groups in Punjab. Pundeer ot al
(1974) found rounded garnet and quartz grains with growth
structurc as well as the heavy mineral suite in some flcod plain
soils of Punjab on the basis of which thcy assumcd that thc
parent mpterial ¢f these soils were derived from the reworkcd
Shiwealik formations and attributed low fertility tc the lack of

easily weatherable minerals.
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Rocnwal and Garalapuri (1982) report about the Indo-
Gangetic alluvial soils thet they are filled with material
brought by thé Himelayan as well as Peninsular rivers. The sand
mineralogy of these alluvial soils shows quartz, micas, chlceritoe
cnd  a few feldspars and heavy resistant minerals such as
-tourmeline, garnet, zircon, apatite, gypsum, calcite, barite ond
fresh potash feldspars. Muscovite-bictite and chlorite appear
to be related tc the illite chlorife clays in scme low rainfell

areas of Northern India.

Dutta (1960) and Gupta et al (1983) recport the light
fraction of the sand c¢f Kashmir soils was dominated by quartz,
orthoclase feldspar, plagioclase, muscovite, mica and heavy
fraction contained ilmenite rutile, garnet, zircon and opaque

minerzsls.

2.2.2 Mineralcgy c¢f clays:

Mineralogy of clays in a soil reflects the effect of the
impact of the forces of weathering 'in the process of soil
development. Clay minerals are the altered procducts of primery
minerals, Determinaticn of the kind and relative amounts of
clay minerals is essential tc understend more fully such soil
physicoc=chemical properties as cation exchange capacity, potassium
rescrves and its rate of releases, Potential knewlcdge of soil
clay minercls is also required for placing soils with more than
35 per cent clay content into ccrrect fomily classes according

te Soil Taoxonmony.
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Cemprehensive reviews on the nature and distribution of .
clay minerals in Indian soils is availsble but the information
in respect of mountain soils particularly of Jammui and Kashmir
is inadequate. Sehgal and De Coninck (1971) and Sehgal (1974)
studied the geographic distribution of clay minerals in soils c¢f
different moisture regimes in parts cf Punjab and Haryena and
repecrted that the soils were dominantly illitic but scme kaolinite
and intergrade minerals such as chlorotised vermiculite or
smectite rather than true chlorite was also present. Their
observatiin regarding chlorite was,however, discounted by Sidhu
and Gilkes (1¢77) who contended thet true chlorite was of wider

~occurrence.in the alluvial soils of North-Western Indico.

Ghosh and Kapoor (1982) reported illite (mica), smectitc,
chlorite and kaclinite in the fine clay fractions of some semi
arid soils of ecastern Rajasthan and western Uttar Pradesh. DlNost
of the West Bengal alluvial soils have dominance of smectite
(30-60 percent), mica (10-40 per cent) and kaolinite (6-10 per
cent) with occasional presence of mixed layer minerals (10-38 per
cent) and chlorite (7-18 per cent) as the other associated
constituents in clay fractions. ®Pundeer et al (1978) made
gquantitative studies on some soil profilcs of central Punjab
and reported illite (37-66 per cent), kaolinite (10~26 per cent),
chlorite (15-18 per cent), vermicul.te {4-18 per cent) and

siectite (2-13 per cent) in clay froction.

Kapoor et al (1982) investigatod the neture and semi-
guantitotive distributicn of clay mincrel constituents of clay

and silt frections of Haryana and Punjeb ond reported illite
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(23-34 per cent), chlorite (10-20 per cent), smectite or
chlorotised —.smectite (10-40 per cent) and mixed layer mincrals
of the type illite-chlorite and illite-smectite (15-30 per cent)
together with some vermiculite (2-14 per cent) in the clay
fraction., Saxena and Singh (1983) reported that iliite, chlorite,
vermiculite and montmorillonite were present in alluvial soils

of Fhﬁ}aﬂpam-Sahu et al (1983) reported about clay minerslogy

of Assam soils that mica, chlorite, and kalinite were predominaptl?
present in thesc soils besides some mixed leyer minercls. Fron
studics on some saline deltaic alluvial soils of coastal West
Bengal, Ghosh and Kapoor (1982) rcported illite as the dominant
mincrzl {45 per cent) with smectite (25 per cent), vermiculitc
(10 per cent), chlorite (8 per cent), kaolinite (5 per cent) and
mixed layer minerals prescnt rarely. They reported the
occurrence of kaclinite and halloysite (34-37 per cent) in
associaticn with smectite (18-32 per cent) illite (6~12 per cent)
chlorite (4-11 per cent), vermiculite (5 per cent) and inter-
stratified minerals (4~12 per cent) in acid sulphate soils of
Kerala. The clay mineralogy of some sodic soils of Haryana
contained illite (29-35 per cent), smectite (17-20 per cent),
vermiculite (4-7 per cent), chlorite (9-11 per cent) and
kaolinite was pfactically absent. Besides mixed layer liinerals
(15-30 per cent) of the type illite-smectite, illite chlorite,
illite-vermiculite and smectite~chlorite were also present. Black
soils developed in basalt in Malva plateau were found to contoin
70-85 per cent smectite and some red soils from West Bengal
revealed the dominance of kaolinitc (50~55 per cent) in association
with illite (25-35 per cent), smectite (10-15 per cent), chlorite

(0~5 per cent) and mixed laycr minerals (0-5 per cent).
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Laterite soils of West Bengal though dominant in kaclinitec
(40-60 per cent) contained appreciable quantity of mica (20-29
per cent) together with (4=7 per cent) smectite, (7-20 per cent)
mica layer and (4-7 per cent) chlorite in the clay fraction
(Ghosh and Ray Chaudhuri, 1S74). Koolinite with occasional
presence of halloysite has been found to be the major constitucnt
of the latcrite soil clay irrespective of the parent matcrial and

lecotion of the pedon in the landscapc (Ghosh and Kapoor, 1982).

The clay minerclogy of hill-mountain soiis has not boen
studied much, Clay mineralogy of soil profiles developed on
different parent materials in‘somc Himachal Preadesh soils were
reported to contain illite, smectite/chlorotised -smectite,
chlorite, kaolinite and cccasicnal presence c¢f mixed layer

minercls (Sehgal, 1974 and Gupta, 1980).

Clay mineralogical studies <f Kashmir soils reveal that
illite was the deminant clay mineral besides Kaclinite, chlorite,
smectite and montmorillonite present in feoir amounts (Dutta,

1960; Talib, 1973 and Gupta et al, 1983). Mineralogical varinticn
of alluvial soils rcflects the difference of their original
materials rather than theot of pedogenic processes (Quan Xu Ji,

1983).

Some studies of clay mineralcgy in rclaticn to different
factcrs of soil formation such as climate, vegetation and parent
materiol have appeared in literature. The soils developing on
gronitcs ond pegmatites were rich in kaclinite (Ghosh and Ray
Chaudhuri, 1974). While those developed on slates and sholes

showed the dominance ¢f illite (Konwar, 1961). According to
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Tamhane and Naﬁ}oshi (1959) the montmorrillonite was the
weathering product of limestone and granite - gneiss rocks.

Grim {1968) has reported that soils having montmorillonite

and kaolinite could be develqpea from the same parent material
under different conditions of climate, time and topography.
Tamhane and Karele (1967) aiso reported that the montmorilionite
was the dominant clay mineral under less rainfall conditions,
while kgolinite under high rainfall conditions in soil of
Maharashtra originated from basalt parent material, while
akolinite was reported to be the predominant clay mineral in soils

of humid tropics (Prasad et al,1969).

2.3 Potassium supplying power of the ojeils

' 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 é maJjor
inorganic consgtituent of plants and its deficiency affeots
several metabolic processes. Potassium is relatively abundanf
and widely distributed constituent of the surface roqks of the
earth and comprises 2.6 per cent of the lithosphere. Through
weathering potassium is set free to the soil which has é K conteﬂt
varying between 4:().1 and >> 3 per cent K most frequently
gbout 1 per cent (Schroeder, 1978), thus present in substential
quantities in most of the soils but its aveilability to plants
differs and is relatcd in many ways to the¢ physical chemistry
and structure of the soil minerzls. Since the various forms
of K in the s0il exist in a sort of equilibrium with cach other,
it is imperative to know the magnitude of different forms of

potassium for an appraisal of K supplying power of the soil.
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The work pertaining to this part is reviewed as under:

2.3.1 Potassium and its distribution

2.3.1.1 Mineralogy of soil potassium

Potassium contained in minerals is found predominantly
in primary and secondary crystalline silicates. K feldspar and
K-mica, are the two major groups of K-~bearing minerals and among
the micas, biotite is more abundant than muscovite (Schrocder
1978). Secondary K-besring minerals, typified by illite and
the transitionzl clay minersls are found in variable quantities.
During the process of weathering of K-bearing mincrals, K is
released. Young-unweathered soils are mainly rich in K-bearing
minerals and may release high quantities of K (Mengel and Kirkby,

1980) .

The alluvial soils of northern India have been formed from
the weathering of the sedimentary rocks of the Himalayas 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 and some igneous and sedimentary
rocks (Govinda Rajan and Gopala Rao, 1978 and Wadia, 1960). Most
ofthe alluvial soils have more %han 1 per cent K0, Weathoring
and relcage of K from feldspar is very slow process (Sarmn, 197€:
Sckhon, 1976). Muscovite, biotite, orthoclasc are the principal
potash bearing minerals in Punjab soil. The content of these
minerals cre cstimated as 5-30 per cent, 2-15 per cent and
1-5 per cent, respectively. Micas arc more susceptible than
feldspar to wecthering (Rich, 1972; Rasmussen, 1972). Feldspar

and micas are mainly present in the sond and silt fractions of
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soils. Tllite admixture with chlorite is the dominant cla
mineral in the alwvisl soils of Indiz, {Ghosh and Kepcor, 1982).
Vermiculite mixed with illite, vermiculite ond chlorotized |
intergrades cf vermiculites occur as important constituents
(Sehgal and De Coninck, 1971). Of the clay minerals, the illitc
group (clay mica) is considercd to be the only one heving a

substantial K ccntent (Reitemeier, 1951).

The source of pctassium in black soils cf India (Sarmg,
1976) arc meinly orthcclase micrccline, muscovite and bictite as
they releasc K cn weathering. Quartz, feldspar and micas
(muscovite and biotite) arc present in verying stages of
weathering in red soils. The magnitude ¢f K release from these
minerals is in thc order biotite » musccvite > orthoclase )

micreccline (Huang et al 1968).

2.3.1.2 Forms cffggjaséium and their aveilability

Arncld (1962) reviewcd the availebility of K to plents
and listed four forms that occur:
i. Water soluble 1s the quentity of K, ot any time dissolved
in the s0il soluticn under field moist conditions.
ii, Exchangeable K is held against negative charges on
s0il colloids and is replaced with caticns of neutral salts in
a relatively short pericd. This fcrm replenishes the water
soluble K thot is remcved by crops.
iii, Non~exchangeable K but uscful K, is held in the outcr
part ¢f the crystal lattice o¢f clay minerals and this form may
be "notive soil potassium® eor it may have accumulated there,

This fracticn replenishes the exchangeable K
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iv. Inert K is held deep in the crystal lattice. All thesc
forms arc of varying ability to supily K to the plants and there
exist o dynamic equilibrium among these forms, The basic
ccncept of such equilibrium is that a change in the magnitude of
onc form will tend t¢ be compensated from another form, Hencé
study of ecch form is meaningful and has got its own importance

in the K gvailability evalustion.

Although woter soluble K is inveriably present appreciabic
quantities are nct likely to occur except by application of

soluble potassic fertilizers (Reitemecicr, 1951).

Apart from thc concepf ¢ centact exchange feeding by
rocts on cxchangeable cations, it is presumcd that soil K ontering
roots mist be in soluble form., K concentration in the éoil
scluticn which when depleted by plant roots via the solution phese
frem beth exchangeable and non-exchangeable form is controlled

by K releasing pctential of soil minerals (Eagle, 1963),

According to Halsted and Jenuy (1959) water soluble K
was found to decreacse with increasing clay content., Grimme (1976)
attached a grecter imp9rtance tc the water soluble form as it
ccnstitutes the fracti;n actually available at a given time and

because its concentration affects the uptake role of K by plants,

: Applicetion of pctassic fertilizers increcses the
concentraticn of potassium in soil solution by saturating the
inorgenic CEC with K (Roy et al 1978) but it is likely to result
in fixation of p.tassium due to shifting of potash equilibria

(Wiklander, 1954).
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Exchangeable K:

The exchangesble K of a soil is difficult to definc
theoretically and tc determine experimentally focr at least

three reasons:

" B the absence of a sharp distinction between soluble ond

exchangeable fractions.

B existence in some soil of difficulty exchangeable K which
is not immediately extractable from fthe usual reagants
cnds

Gy the dissolution of mineral potassium by exchange

extroctant (Reitemeier, 1951).

Existance of three different sites has been proposed by
Schouwenberg and Schuffelen [1963); planer, edge and inter lattice,
each with its specific exchange constant, rapidly exchangeable K
occupying the planer and edge inter-lattice (Bolt et al 1963 and
Rich, 1964). It has also been reported that a small number of

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

to K (Lee, 1973).

- Non-exchangeable 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 slowly
comes to equilibrium, Arnold (1962a) 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 sand stone
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(Sobulo, 1973), 1In the soil its Quantify depends on the type of
clay minerals and it is normally more in whe illite dominant and
least in the kaolinite dominant soils {Black, 1968, and Ross,1972:.
It has also been demonstrated that a decline in total fertility
occured due to release of K from this form (Mehta,1976; Singh anc
Brar, 1977). Ghosh (1964) found a high percentage utilizatiocn
of non-exchangeable K by plants. The amount of non-exchangeable
K repectedly extracted with.ﬂNHNO3 correlated with the K uptake

from crops (MzcLean, 1961).

The availability of K in soil depends on many factors
including the kind of parent material, clay minerals, weathering
conditions etc, Correlation of availeble K in soil with pH,

03003 and organic matter have been found to be positive and
significant (Acquaye, 1974). Available K has been reported to
range from as low as 0.02 per éent of total K in sandy soils of
Tamilnadu (Premansthan end Durairaj, 1966) to 0.5 - 1 per cent

in soils of Punjab and Bihar {Grewal and Kanwar,1966, Tiwari et cl
1967) and about 3 per cent of total K in alluvial soils of

Rajasthan (Dhawan et al 1968).

The magnitude of other forms of K in aliuvial soils
also greatly differs from place to place. Grewal and Kanwar
(1966) found that Punjab soils contained on an nvéragé 1.4 %o
2.7 per cent K0 of whiah.BO per cent was HCl soluble, 6.1 per
cent wes in HNP:3 soluble (fixed) and water soluble K was 12.8 ppm.
Alluvial soil of Uttar Pradesh are comparctively rich in water
soluble and HC1l soluble K (Mehrotra et al 1973). Contribution of

clay to total K is more in blamk soils while that of sand and
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silt fractions is more in alluvial soils of Madhya Pradesh
(Dhawan et al 1968). This suggests that in alluvial soil K
bearing minerals are morc in the coarser fractions (Ghosh and

Ghosh, 1976).

The clay contains 3.03 to 4.13 per cent total K, silt
contains 1.78 to 2.77 per cent and fine sand 1.0 to 1.93 per cent
total K. The clay contains 1.45 to 2.17 per cent HCl soluble K,
silt contained 0.54 to 1.24 per cent and in fine sand HCl soluble
K was 0,17 to 0,40 per cent. The clay contains 0.36 to 0.53 per
cent fixed K -~ NHNO

.73
fine sand contains 0,02 to 0.31 per cent. This was reported by

silt contains 0,09 to 0.30 per cent and

Kanwar and Grewal (19669, Lodha and Seth (1970) and Mehrotra
et al (1973).

Generally the exehangeeble and water soluble K is more
in the surface soil than in the sub soil(Chandhuni and Pareek,
1976) This difference is morc in coarsc texturcd soils than in
fine texturcd soils. This variation is attributed to (1) relati-
vely more intense weathering of the surface (2) release of
soil K from organic residues (3) application of potassic
. fertilizers and (4) upward movement of soluble K due to capilleory
.rise of water {Chandel et al (1976;. Singh and Sekhon (1977)
reported that in summer K saturation weas maximum in the 0-30 cm
layer and minimum in the 180-225 cem lgyer. It increased in
October which wos attributed to relcase of K from illite minerals
in 30-225 cm position of the profile during rainy season and

subsequent accumulation in layer decper than 180 cm, It wes
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further observed that percentage K saturation decreocscd with
the depth in the profile and decrease was irrespective of clay

content or CEC of the soil,

The bulk of potassium in Bleck soils is present in HCL
soluble and nén—exChangeable forms. Exchangeable K varies from
0,06 me to 4.65 me/100g and the water soluble K forms a very
small froction of the aveileble K. In general, black soils heve
fairly high content of cxchangeable K (Nagarama et al 1976 and
Mehta, 1976). Red soils (Verma and Vermsa, 1968) (Pareck et al
1972) usually have low content of exchangéable ond non-exchangeebl.c
K whigh wes ascribed to their low clay content and dominant
presence of kKaolinite in their clay. Grewal and Kanwar (1966)
reported total K20 content in most of Punjab soils was 1925 mg/100g
and average total K content in most of the'Uttap'Pradesh éoils

was 1940 mg/100g (Mishra and Harishanker, 1970).

The total K content in Mehorashtra soils have becn
observ.d by Kadrekar ond Kibe (1972) to be 688 mg/100g. The total
K content in some Himachal Pradesh soils (Gopal Das and
Shankhayan, 1979) and Surcsh (1979) veried from 1,02 to 2.62 por
cent and non-exchangeable K frdm 145 to 500 ppm. Handoo (1974)
observed that the water scluble K varied from 7.60 tc 13.80 ppm,
exchangeable'K from 98 to 283 ppm, non-exchangeable K from
488 to 936 ppm K and total K from 1.40 to 1.54 per cent in some
of soils of Kashmir, Of the varicus laboratcory methods,
extraction with boiling 1NHNO5 correlated better with the
continuous cropping technique fcer the determinaticn of non-
'exchangeable K uptake by the plants (MacLean and Brydon,1963).

Lack of response to K fertilizer in many soills mey be partly
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sttributed tc the grecter ability of the soil to release non-
exchangeable K (Nash, 1971). The K released from the minerals

due to weathering and delivered tt the roots must pass through

the exchange sites or may reach soil sclution directly. According.
to Grimme (1970) much dependance on the release frcm the non-
exchangcable sites may mean reduction in soil fertility status

unless replenished frem recycling.

Atage (1973) observed thnt the amounts of non-exchangeable
K extracted frem varicus soil fraction were in the order;
clay > silt > sand fraction in Nigerian soils. Mum ct al
(1976) noted that in four Ohic soils the clay wes found to
contribute 20-74 per cent,silt 25-56 per cent and sand 3-21 per
cent of the total K,

It is found that when potash fertilizer had not becn
applied to soil, a gradusl conversion of non-exchangcable K to
the exchangceble form tock place during the cropping scason,
soils fully saturated with calcium with no added K were found
to supply plant grewth indicating that K was being released from

non-exchangeable forms, (Gholstome and Hoover, 1949).

Page and Baver (1940) rclated the fixation tc the size
of the unhydrated ions. It was postulaoted that the diamcter of
K was (2.66 A°), was clcse to that ¢f size (2.8 A°) of hexagenol
oxygen ccvity, The fixation is zero with kgslinite, chlorite
and mices, slight with montmorillonite variable with illite

according tc their degree of alteratiin (K centent) ond stromg
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with vermiculite (Duthicn, 1968). The phenomenon of potassium
fixotiin i,e. cocnversion «f exchangeable and water soluble K into
mcederately or slcwly avallable non-cxchangeable K is a part of

the potassium dynamics in soil,

Movement of water soluble K tc exchangeable K is the
first step in K fixation and there exists a significant pcsitivce
correlation between adscrbed and fixed X (Grewal and Kanwar, 1973}

and attributed K fixation tc¢ illite type of clays (Prasad et al
1967) .

A decrcase in pH has been found to be associated with the
reduction in potassium fixaticn in some soils of India and
Banglodesh, (Bagehi and Ray, 1975; Kode et al 1978 and Karim ond
Malik, 1957).

The presence of NH, ions reduce K-fixation (Sen Gupte
et a1‘1971). Alternate wetting and drying influences considerably
the fixed K *;;:ﬁt exchangeable, scluble K reaction in soil, If
the exchangeable K is mere there is fixatlon and iZ it is less
there is releose (Grewal and Kenwar, 1973). Drving at higher
temperaturc results in an increase in K fixeticn (Bagchi ond Ray
1975) Karim and Malik, 1957). This is because higher temperaturc
favours dehydraticn and contracticn of crystal lattice. The cxtont
cf K fixation differs because of the differences in the naturc
and content of clay besides other factors. It has been reported
tc be about 57 per cent in soils ¢f Uttar Pradesh, (Pathak and
Sharma, 1963), 16~21 per cent in Punjab (Grewal and Kanwar,

1967) ond increased with an increcsc in the amount of applicd K
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(Ramokri shnayva and Chatterjee, 1976). The K fixing copacity
of rcd soils is less than black and alluvial soils (Ramanathan
and Krishnamoorthy, 1976). In most of the Himachal Pradesh soils
(Suresh, 1979) K fixing capacity varied from 375 to 650 ppm =nd

attributed it tc the presence of iliite in these soils.

The other part of the dynamic equilibrium is the relecasc
of K from non-exchangeable or fixed fracticn., Plants are able
to take more K from the soil than is present in watcr soluble
and exchangeable forms, indicating that K is released from
non-exchangeable sources for use by crop plants. Alluvial soils
contain much higher amount of fixed K than soluble ond exchangesbic
forms (Mehrotra and Singh, 1970). Sachdeva (1975) observed that
non-exchangeable ¥ contributed towards the crop requirements at .
high yield levels in medium K-soils and the contribution of
soil availesble K towards orop.removal was an elastic one, varying

widely with yield levels.

Clay minerals, addition of K fertilizers, soil reaction,
free limc, alternate wetting and dryving and organic carbon ére
scme of the facters affecting K fixing capacity of soil,
Application of ammonium sulphote significantly decrceased the
availlability of potassium., Supcrphosphatc behaved similarly
when applied in large smounts (Patil et al, 1976). Potassium
fixetion neot only protects soil K against leaching but it also

renders it more difficulty available tc¢ plants (Mitra et al 1958). -
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2.3.1.4 Potassiun uptake:

Ahenkcerah (1970) using paorennial gresses in pot experimm s
found thot the release of non-exchangeable K varied from
5 to 1200 kg/h. Mehta (1976), however, found the release from
250 tc 480 kg/h. Kadrekar and Kibe (1972) found that 36 tc¢ 80 pe:
"cent of the total K uptake came from the non-exchangeable_fracticn:»
A wheat and a maize crop gruwn in succession remove about
150 tc 200 kg/h/yr and at such a rate cf remcval the tctal
potassium may lest only about 200 to 300 years provided oll of
i# is susceptible to adscrpticn by crops. But a portion of K
remcved by crops is rcturned to it in the form of crganic manurcs
and plant residues (Sekhcn, 1976). Six successive crops of bajra
removed 658 kg K/h out ¢f which the non-exchangeable K contributced
81 per cent of the total K taken up by the crops (Mehta and
Shah, 1956).

Potassium relense characteristics of soils have been
computed., The cumulative K relecase during the successive
extractions with 0.01 N HC1l has been found to be positively
correlated with K uptake by a ragi crop (Ramanathan, 1975).

-

The K-content in 40-days old wheat plant was 2.96 per
cent and uptake of K was significantly higher in barley at 40 davs
after sowing but lewer at 100 day after sowing than wheat.
Increasing rate of N increased the total K-uptake (Sandil,1975).
K-uptcke is rapid in early stage of growth, during the time of
peck uptoke raote, K is token up at a rate of 2.0 to 3.3 kg/h/day
by whcat and 3.1 to 6.0 kg/h/day by maize. Maximum K upteke

1s reached some time before moximum dry metter production and K



-25=

content decreases ¢s the grain matures. Wheat takes 70-~75 per
cent of its K need by anthesis with 40-.60 per cent during

tillering and ear initiation (Rejado, 1978°.

Goswemi et al . 1976, observed diffeirences in the magnituds
of crop response to fertilizer potassium between various soil
groups. Laterites, red and black soils are generally the most
responsive to K and observed that rice tended to respond to

potascsium more than wheat.

Albrecht {1940) has observed that the plants whio are
notably high in carbohydrate production and low in protein
production have a higher II gnd Ca requirement than leguminous
plants that are mostly high in protein. The k content was higher
in the beginning of plant growtihh and decreascd withh an incirease
in the age of plant. A wheat plant of 35 days old had 5.36 per
cent X (Singh and Singh, 1981, whereas in leaf it varied from
3,09 to 4,65 per cent [Lodha et al 1559)., Young secdlings take
up k very repidly and 2 to 6 per cent K in corn plants 15 cu
high was observed. Higher levels of potassium ensure adeguate
crop uptake of L under conditions of low soll temperature and
reduced frost damage.Grewal and Sharma 1978, rccorded a maii.ed

effect of potassium in mitigating frost injury to potato,

e

2.3.1.5 Fhysico-chemical approacies:
No single chemical extractant can be recomirended ior

~

all types of soil fer predicting the bh.-availagbility to plants.
K egtimated by the chemiczal extraction method serves as a
workable index to what is available for the plant at the time

of estimation. 1t doeg not indicate the changes in availabilit:
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of K from the soil or with what intensity it ig available for
the plent as K depletion from the soil occurs either due to
crop removal or due to leaching. Thus to obtain a clear picture
of Kesupplying power of the scil (Beckett, 1964b, introduced

Quantity,/Intensity relations,

Activity retio: The availgbility of a nmutrient can best be

P

descrived by the total amount that would be available for ths

(i

crop during fts growth i.e. the total labile pool or quantity

I

factor and the intensity with which it would be available. The

P ~ ’ N . . ,',.k\ .
quantity foctor A K, and the intensity factor (AR, proposcd

-

by Beckett 1964, give a better picture of the potassium supplyine

& -

power of a soil than available K or ionic activity ratio oi

et

potassium. He has proposed . Activity ratio of potassium [ AR

l.e, ak as the intensity factor. Thig technique

BTy
consists of equilibrating the soll with a known graded ARR solutio.:
having different smount . £ . The activity ratio of the solution
to which the soil neither gains nor releases K 1s taken as the
eguilibrium activity ratio of potassium {ARE} in the scil., From
the composition of the equilibrium sdlution the K lost or gained
by the soil {+ A L, is computed and a plot of + A K and aRE or
the eguilibrium solution is made. The curve obtained fully
describes the Q/I changes in the soil. The potential buffering
capacity ..'BC; {Beckett, 1964) combines in one parameter the
Quantity .. Intensity factor. The concept of PBCk is elsc usefuld
for predicting the ability of the soil to supply K for sustained

crop producticn.
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Some workers .Beckett, 19564a; Tinkar, 41964a,; pointed
out that the activity of K alone might not give a good
correlation but tse ratlo of the activity of k to the activity
of other cations should give a betler information of K
availability, The activity retio (AR} gives a satisfactory
measure of the chemical potential of labile K in s0il provided

the soils are not of wide calcium status. Beckett (1964c; again

——

has shown that the AR 1s constant over a variagtion in the Ca anc
Mg content of the soil, The AR may be same for two soils
although the absolute Kk content of the soil are different and
thus the decigive effect of Kk concentration apon K uptake will

not be taken into account,.

I3

sccording to Beckett {1964b; the following five facts
are to be considered while AR is used as a measure of k
avallability,
i. The 4R provides a measure of K availability at the tinme
of measturement, it will vary with prolonged activity.
ii, The AR will not give a measure of K status while

comparing soils with wide Ca .- status.

iii. if the uptake is regulated by mainly one antagonistic
ion like I.g the ak/a Mg,  may indicate about the K-availability,
iv. The AR will rot give a good measure of h-availability

if the soill is of low charge density.

V. Soils with high Ne or 21 will vary in the AR.

Role of Al, Fe and in in influencing the AR was also
["l

studied Dbv different workers. Thus Tinker [ 1964a,) included

Al ion in the calculation of iR for liigerian soils in wnich Al
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wss the main exehangeable sation ~ ak/ a Ca+llg +Fa 1/3 Al. Singh
and Talibudeen {1969, suggested to use only axﬂ@??ﬁﬁf for

calculating the activity.

Randhawa and Pasricha : 1976) found a better relationghio
with K coutent when they considered Fe and Mn also in the AR
caloulations. While measuring the Activity Ratio of some
Ghenian soils to know the intensity of K, Acquaye et al {1567,
observed thet it was related to the amount of exchangeable L.
extracted by NH& O4Ac and particularly to the uptake of K by oats.
Moss . 1967) found activity ratio to be related with exchangeabie
and non-exchangeable soil Kk, Acquaye and lMacLean i 1966£) observed
that the ratio - A h°/AR§ or PBCk showed some rolationshipc
to the smount of non-exchangesble 1. which was an importént source
of I in mogt of the soils. wafady and Lamm (1972) observed
decrease of eguilibrium activity ratio to occur unless the rate

of mobilization from difficulty exchangeable X was high encugh

to sustain the loss.

NMumerous studies heve been made on Q/I relationship as a
parameter for potasvium nutrition of plants. Good correletion
have Lecn obtained either between the activity ratic ord F
(chahge in free energy) and coancentration or uptake of & by
plants Tinker, 1964; Addiscot, 1970; Wcodruff, 195% and
Talibudeen, 1974,;. But in most of the cases activity ratio have
been observed to be inadequate to describe avallability of k
to plents {Bandyopadayay, 1976: Blanchar and Hossner, 1963 and

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

AR% varying from 4,0 x 1072 %o 24, x 1077 (moles/Lj? for soils

of Magaland.

The value of AR% as reported by other workers are
0.0005 to 0,009 for some Ghanian soils (Acquaye, 1973) and

0.08441 to 0.017 in some soils of Himachal Pradesh i Suresh, 1979,.

Ramakrishnayya and Chatterjec {1976) found ARi to be
high { 1.8 to 20.8 /L)% ¥ 1077 1 req soils dominated by
kaolinite clay and low (1.0 to 1.8 ('/L) 0.5 x 1072) in black
soils dominated by smectite group of clay minerals. The value
of AR? of Delhi and Fondicherry were 5 X 10“3 and

- Vo, A .
2.35 x 10 5 1‘/If, respectively {Bandyopadhyay, 1976).

The plant uptak e of K has been found to be positiVély
eorrelated with AR& (Ghosh and Ghosh, 1976) and hence sometimes
it is taken as a good index of K availagbility. The ability of
K in the soil solution partly depends on the release of X from
the fixed form and partly or. the rate ¢cf K diffusion into the
s0il solution. Tinker 1964a) while investigating acid soils of
Africa found that th: slope of &/I curve was mich lower than the
English soil, This showed that the tropical soils were less
buffered against the K depletion., Q/I relationship was found
to be similar for most of the soils except in cases where CiC

was low . Beckett, 1964c; Talibudeen and Dev, 196Ca).

Depending on the soil type both the parameters Quantity
and Intengity fall to a minimum in soils belung intensively

cropped after which the pool serves as the vehicle by which K from
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interlattice sites bebomes available to the plants (Le Roux and
Sumner, 1568;. However, in any onc season the responsc of plant
to K will depend mainly on the value of the pool of labile K at the
beginning of that season. Ghosh and Ghosh ‘1976) obscrv.d no
extra advaontsge in describing K availsbility in terms of Q/I
relegtionship, Similar conclusions were also»drawn ¥
Bandhyecoadhyay (1976, whilec working on rod, block and aliuvia

soils of India,

The slope of the O/I curve is known as potential buffering
cepocity CBCY) which indicates the capacity of the scil to
replenisia supply of K to soil solution. In alluvial soils, PBCk
is dependent on the guantity and type of clay minerals {Sen Gugta
and Das, 1977; Dandhyopadhyay, 1976.and orgenic matter in soil

hatterje., 1976).

Humerous studies have becn made on &% relationship as a
pérameter for potassium nutriticn of plants, Good correlations
hav: been obtained either between the sctivity ratic or F
{chan-e in free ezergy, and the concentration or uptake of K by

plents Tinker, 1964: Addiscot, 1970: Talibudecn, 1974).

Ramzmocrthy and raliwel - 1965) found a good correlaticn
between L response in rice and KAR in Indian scils. Boils heviag

. — K - ok . -
high : ECT and low Kk and ARe valucs are not responsive to L.

Ghosh ond Ghosh 1976, reported that lobile pool . . ES.
had nigh correlgtion with K uptake by plants. Narayenan Nambiar
s quoted by Ramenathan and Lrisinamoorthy .1973) found that the

ca K S - . - X
red g2ils had low PBCT wvalue than the blaglkt soils and A7e Weas
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highly correlated to wafer solublc K and exchangceenle K.
Ramekristnayya and Chatterjec 1976, found that the ARi and

-~ k¢ velue were higher and "r’BCk valucs lovwer in red soils than
black soils, herefore red soils are more likely to respond to L
apoliceation. Sen Gupta and Das (1975, determined PBCk of some
soils of est Bengal and Assam from Q/I r:lationship 2nd observad

k

that smectitc dominant soils have high PBC™ fol owed by 1illitc

and kgolinite dominant soils, Fanda . 1978; quoted that eack
values ranged from 15.9 to 67.6 for laterite soils of Tamilnadu,
whereess for Orissa soils it was 35,7 and for laterite scils of
Kerals it was 46 to 129.0 (me[100g)M/L%.

Le Roux and Sumner : 196S, found a high correlation between
'BC¥ and CiC of the soil and Fernandez et al {1975, observed a
c¢lose relation between PRk and labile K., Bradfield {1972, found
a good correlation betwecn various paramcters of /1 curve and
plant growth charccteristics. The total lgbile K content (KL,
has becn found to be more in the scil rich in organic matter as
comparced to these poor in organic matter content. It appesars
that I'L valuc 1s also governcd by the organic metter content. It
is further supported by the fact theat the correlation
coefficients between KL valuc enc upteke oi K and dry matter
vield of tho plamt is sipnificant. The +BCX and LBCYX value heve
becn fouad to be low in the hiliy soils MaJji, 1980,. Arnold,
(1962, report.d that the free cner:y .- A F, values above
4000 ceals/mole is the deficieney level of i, The correlation
coefiiciemnt between & F and uptake off K and dry matter vield
of the whole plant arc found to be highly negeative and significant

at 1 per cent level. In Delhi soils the frec ener:y wes above
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~2000 cals/eq (Bandhyopadh&, 1976) . pBCE (me/100é) (M/L)m% as
reported by different workers are 4.7 - 180 for some Tobacco
growing soils in India (Ramakrishnayya end Chatterjee, 1976),

6.2 to 15.8 for soils of Nagaland {Ghosh and Ghosh, 1976),17.46 *c
305.86 for soils of Ghena (Acquaye, 1973),;17-111 for uncroppod
Canadian soils {Acquaye, amd MacLean, 1966) and 18--67 in some
Himachal Pradesh soils (Suresh, 1979). FBC® values in black

soil was found to be more (85.5 to 135.0 me/100g)~ IVI_/L - 0.5 when
compared to red soils (4.7 tb 20.6) Ramakrishnayya and Chetterjee
1976, and in Nagaland soils (Ghosh and Ghosh, 1976), it was in

~the range of 6.2 to 15.8 me/100g (M/L} 0.5.

Rzo {1977) reported that PBCk values varied from 1.18 t»
15.71 me/100¢g (M/L)%-and wepe relatively low in the keaolinite
dominant soils. The activity ratio in scil solution was 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 weas
closely related with concentration of K in the saturation
extract (Acquaye, 1973) exchangeable K content (Le Roux and
Sumner, 1968). Koch et al 71970) while working on Oxisols have
shown thaot pool of labile K is a good index of the amount
availeble to corn, It is superior as a criterion to both

the eguilibrium activity ratio and exchangeable K,

Koss {1967) observed that ARK (initial K activity retio.
value was well correlated with K uptake and labile K was a

useful index of ultimate K uptake over a growing season and
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Mackenzie {1968) while working on Quibic soils repcrted that
crop growth did not change the PBCK of two selected‘soils which
indicated that quantity/intensity relation regulatcd the relecsc
of K although the activity ratio was greatly reduced. Le Roux
and Sumner {1968) observed thet Q/L studies on soil samples
teken after various periods of plant growth could illustrate
how the pool of labile K and equilibrium activity ratio
decreasced as increasing amounts of K were taken up by the

plants.

The literature reviewed in this section is evident that
Quantity/Intensity relationships have been employe¢. to obtain
a clear picture of soil K availagbility. At present such

information is altogether lacking for the soils of Kashmir,



MATERIALS /}iD METHODS

The present investli 2tien wes «ined at stucdyin. the
pefo, encsis, mincruleric.l built up .nc pctassium ehezistry
oI the s0ils from vari~us zone: ~f Kagshrir. Fourteeon soil
padons as shown their loc.tiens in 71 .1 were exposed and
60 so0il sumples based on hetercorenedity of the profile ore
collected from these zones. Bulk surfoce samples werc wlso
collocted from these spots for - reen houss studics,
Deseription of the merphele-iensl festurce of these pesdons
ic “Iven in ppencix I. - brief descrintion of the drsu
<Nt the nrocedures fellcuwed for analytic.l work Lre -iven

b e 1 W e

3.1 General cederintiom of thz ares

The stat.: of Jonsu wnd K..zheir, CCLr:isiﬁ“ the
grtreme western sector of the Him.iliuyas, occuiicy wlneoat &
centr.-l pesitin in the continent of Asiw. It 1lies in
the cxtrere north of the Indiin Unicn ind 2xtends from
320 TEY: & 370 05' M 1lotitude ond ircm 720 40! te g0’ 30!
E lonritude. The tctil ~eosruphicel ureda of the state ic
2,22,23 54 kn -nd hus & population of 59,54,010 (Inci. 1982;.
It his hi-h mountains vith nany snow crvered praks. The
~Atitucde v s between 213 dand 7012 umeters.
Fullal Fhysiopraphy

1

On the busis cf Physic. r.phic fewtures, the stute

A.3 bien Civided intc four maijor zeness
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S Cuter ploins re don

This re;icn represchts . frin-e of level loind in
crntimgotion of plains of th= Funjab approachin. from
Gurcaspur ond extends to Akhner throurh Sarba and RKathuu,
The rco-ion is bordered by a4 low und sparsely wooded hilly

ccumtry iad is stretched with numerous <ullies. The avarang

-1ltitude 1is abrut 350 m above nean coe level.

b. futer hilly repicn

This repion is cemprised of two parts (a) Eastern
division beleon;in; to outermost hills between rivers Ravi
sné Chenab. Thege hills rise fror the plzins und continue
till they attain a hei. ht of about 680 n «bove mecn sew lovel.
(b) the Westorn division storts from Chenab or the north of
the pluains. These hills uare thickly wcoded beyoné =kKmcr

und Feuwsi.

c. The midcle pountidn (Pir Panjal) ronge

This r~vion is loecutel bztween the outer hills wnd
the hicher mountodin ran-es of Punjubs The resion sturts fror
Buschli .n€ runs 4leonr nerth of Rarmney.r, Reusi «nd Rejeouri
angd tuikes a north-western cissecticn teowards Muzziff«r-b.ads
Nerthorn brundary of the reficn is rade up of tve lufty
mount«in rénses, crne coming from Syuth cast end ot Kishtuar
while the e¢ther is the Punjal ridre which overlack: as well s
Juardy the Rushnir walley. The space s cccupled by nuss
of nountains cut into by riwines ¢©r dividcd by n-rrcw
vulleys. The valley of K shmir strotches 150 im freom
wouth eort to north-west,havin v r. © 2levaticn of

~

1700 meters nd 2 width oo 80 Mn. The velley iz enclezed
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ciftuine The ¥id
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-

«nJul in the scuth and the

idesy smill valleys

35

i.e. Eishivwar, Bhadorw.h 1¢eited in this resien.

ce Thc inner rountiing

The

&
3

This 15 the zone of kirhest elevation, freuntte-dns

bepin te uppecy 1o the north of the Pir-f nj--L ranie .nd rise

There ore

dbove the sncw line into pouks »f perpetusl snow,

ulal C = ) B 9 Koehmdg t ) N
— e . ars 4 b~ ady - e 5 , - \ -
nmany poeks in the nerth Kagdhrmir ran:s .n cff=shoct of

Zensket ranre formine the northecastern berder =f the valley,

which is 4600 tc 7000 mcters hi-h., Beyend this rinse, there

is a hivh level plateay desert, L..dakh, uttorly develd ef

11

o1y

KIRET of Ve ctutiefi. Th:= JQTithcde FErthcr Fisss t9ll) the

md hty Karak.ram runte attains the heipht of BROO m. The

Topo . phy 15 Fussed Sné the prpul.tich sporse,

3 ° 1 © 2 _'r;;]-in‘-ti

e

The elirfe &F the Stite va¥isds FEer swreotic £21d in

LacGukh to tropicel heat of the sub-nontune -nd seri-mountaincus

tracts of Jurpvm. Koghmir valley is, howsver, froe fronm

*xtTromes wnd has o tegper.te Jnd s.lugricus climate. Durin:

winter the tuirperwturc in the velliy senctines reoes bolew the

froczin; acint. Much snow £il1ls at The hirhed «ltiticds.

The

& y eaily temperctur? is lowext in Jamaiaxy ond hi beat

In Juhe oF July. The tTotail praeioftiticn 18 roceived Quringd

+

9

. Rerieds, the eeld sewgen £rem Leeutbrr o April -nd the

seuth-vcgt tionss it pericd from June te Septzicbsr., The

¥aiFfall ih The stute silgice Trim 170 ém in the Bouwth=sest
te € e in the North-Fast. In ths valloy o Keshrir ; this

Jyer-ce ¥u¥ios from 76 cm tc 38 oo nd I <hot 114 en in
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Jammu dletrict (Table 1). Normal mecn cuily naximam wnd

.. . c Cn )
rinimar temperature is 19.83 C und 6.% C respectively.

Tuble 1: The elimctic features cf the vuricus zches of Juarm
ancé Kashnir (Mean values).

B B a4 AR R R Sl e PR W SRS e a4 T A TESYLER S @ VW W T 8 e TR 4 LTRSS B W Wyt

Zcne/Re; ion Aannusl  Annual annual  Clipetic Incex |
Temp rainf.ll PoT
(0°%) (mr) (nr)

B . o A SRS T W e e W a7 WM AR M S et ema s = 4SS e e e e g e TWE %W mmmea s b8 s acw

1+ Subtrepical 24.5 1460 1976 Mepw-therrnic Lry
(Jamrmu plains, Huricd

Tharmal dydrie

2+ Subtropical
tenperite
transition 20.0 1171 1732 Mescthermic Lry
(Joummu hilly Hunié
rerion
Lofid ,Pe~nch,
Udh.nmar)

3« Tcomperate 13.9 721 1453 Idcre- Exy
(Kushrir thermice
V.illey)

L. Cryosic-crid 349 T2 A%E Cryocaie Lxid
(Ludakh?

M R leaad R A e A o e P me s EEA S e TR A A R W W bl & 28 ARG LW N L5 W R Bk B PR

SEufce 3 Indin Veterrlorical Inpurtment Srina «r.
The ccld ssuson procioitati-n fro— DEcerber to Muares
is due tc sterms which advance frer Iron a@ Baluchistin. In
the villey of Kashnir, this is the najor precipituticn of
the year. April wnd May alse reecive the rainfull « The
distribution of TFainfall viz.o.viz the prefile sites is siven
irn Tible 2 wndé terpor«ture date ne regordid ot Brinucar fn

Tablec 3.

2% PN Geclory

The stutc is ene of the b=st -eclerdénlly explor.d

a

Aca & R Goas s e e T . R e P T wamTRImOA e Y 6 | e e,

p-rts of the Him.layzs and contains within a scull -ec raphiecl



‘I‘he words in the brackets indicrte nearest profile locatioqs. -

Statist:.cal Dlgea't bll;c‘tol" ate of Statistics
J&. Government,

Source:

e T SIS S

urlnaﬁ

—— et Al o

R ]

e T L P U

and Evaluation

Tchle 2; BAainfeoll pettern ~F diXforent placis in L. shmiy el
T wg 976 . *1(*77 . B 19% 1979
Location Normal. No.of Totasr No.of Total No oi Total o, of Total
rainfail rainy rainfall rainy rainfall ainy rainfell 1*’J.ny rainfall
days deys days days

Srmaqar - =
(Shalimar, 658,9 50 501,5 43 500, 2 Lz 529.6 L2 53545
Gancerbal 6h2,.3 58] 762,22 L7 562.2 57 6Y5.9 o 42,9
Wunar,
SO”.’A"‘T"'S_T;"/- ’]8’{5'4 - 50 14'37.0 i {'—371-5 7o 7_3602
Bud n an 584, 9 58 865.5 40 421.3 Lo 55045 59 493,0
KDL Farmy
Anantnag 663,0 51 916.0 4O 5562 50 420,0 43 4yz,0
Kimidwani,
Fanalzam = 109 1235.0 104  1485,.1 106  1752.0 68 1466, 2

Lzrnoo;
Handwera 1062.0 68 1070.9 52 769.2 79  1195.4 25 340,0
CGulrarg = 57 1006.8 67 994.3 60 993, 66 1082. 1
So:*am

{Chandigem, = 8L 1220,2 74 1000.6 70 1105.1 66 945.0
Pl.{lé.}jima 611.2 23 1761 20 126.1 36 Lok 4 3 285.9

v
awmpore,
Padgamaoray i
J(:r?ramﬂl a 955,3 56 632.9 45 L413.5 36 26,4 56 436.9
t_.p i ~ e
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T-ble 3: Meon moximum ~nd m. on minimum temperature ot Srinsgar,
Unit: Degre.s Centigrade

— L » - — Py

" Month Unit 1976 1977 1978 1979
Jonuary Menn Minimum 2, 09 1.5 2.0 2.8
Mesn M~ imum 8.5 &4 5.8 6.8
February Meon Minimum 1.2 1.8 N, 3 0.GC
Neﬂl’l . ME‘!X lmuln 6. 6 1 g. 2 8: 2 9- 5
March Menn Minimum 2,1 .7 3,0 2.4
Menan Mrximum 12.6 16.5 12.1 13.3
April Mean Minimum 6.C 9,2 7.2 9.2
Meon M-y imum 22, C 19.7 21.2 22.9
May Mean Minimum 9.6 10, 6 1.7 9.4
Meon 1 Moximum 26,0 23,8 27.5 21.9
June Mean Minimum 12.9 15.6 17,1 14.9
Mean Maximum 29,1 29.6 32.5 30,2
— July Mean Minimum 17.7 19,8 19. 3 18,7
Mean M~ximum 37,7 31.3 2G.6 32,4
August Mean Minimum 14,8 17.7 18.¢ 16.8
Mean Max imum 30,6 29,8 30,5 10,6
September  Mean Minimum 1.5 13.2 5.1 1.1
Mean Maximum 2741 28,0 28,4 26,6
October Mean Minimum 6,6 7.5 2.3 6.9
Mean Moximum 24, C 2%, 0 26.6 24, 1
November Menn Minimum 2.6 3.1 2.3 3,6
Menn Maximum 15.6 16, 1 12.7 14,2
December Mean 1inimum 1. 8 8.7 2.8 Co 1
Mean Maximum 9.2 6.5 11.4 7.9

r —— R ———

Source : Meterologicrl Centre Srinagar,



iy Qe

compass one of the finest developments of stratified recks.

The crystalline metamcrphic roecks, rnrisses and schists

6]

:

SCCcuUpy vary lirgc aredas in Kashmir te¢ the north of outex
Hircleyus. The ghnielsses arg mot 41l of wrehacd e but are
~f Intrusive oyiein, which dve invaced rocks ot varicus
reclecical periods (VYadia %951). The sedimentury pre-Combriw
rocks consistin: of zlutes, phyllites wnd schists are intor
bedded with zinc stmes and flay.y quartzites. Fossiliforoas
Pzleczoic rocks of Kushmir ocecupy elonguted
patches in the north of 21luvial part ef the Koshmir valley,
strectenine frdéo North=-i.cst to the South-Bast and of the Koghnis
sodinentury bisin (Fuy Chuudhuri ot al 1963;. Rocks of the
Pingnl velemic series neinly found on the north sustemn

slopes of Ply Panjuel ond on the other side of the Jhelun,
censist of Pyroclastiec slatecs, conglomcrates and a;rlonsrutic
products. The Triussic system is recpresented by « sories of

li:ht blue lime stc¢ne, slates, sand=stones ind dolomites.

The valley of K.oshmir is <n wlluviun £illed basin,
4 lgrre part cf which is ef recent formaticon by the river
Jhelur {Vadia 1961). More than hslf «f its arsu is cacunisd
by c¢istinetly clder alluviur, which forns flat nounda er
platforns slaping avey fron the hish mountuins thot border the
vall=y on &11 sides. These depesits locully known us Kirewas
2re Pledstoccne or post Pliccene depouits «nd sre conposed of
fin. 511ty elays with sanéd wnd beuddery privel, Thzue have
been held te be the aurvivin, rermunts of feposits of o« 1k

which onece £illz@ the vulley basin.
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3.1.4 Natural Verst-tion

The stute forms & transitional rercion of diversc
physicul featuros batwecn wiotk nenscen zene of the Punjib nd
¢sld ¥y {«rid) zene of Tibst, thus the vesst tiom cfthe st-tu

is of diverse nature, varying frem scrub forqcsts to eoniicrous

i

forasts. The d® Ve, 8t F3dd in the Juter plidfhs <A futer

hills is eonprised cof Kiker k:g ciu uILDlFJ'é flurme troecs

s mers = wew

(Butca frondesa); Phulii (ﬁQiE@i.LSQEEK;)S cagtl {Custi srps

Sanathe (ILicdenia viscesa)s; Brenkur (adhatecda vasic.,; Sarkanda

——mrw ey

(Saccharyun spentancun)s Khair (Acucis c.tochu).

The chir pine (Finus roxburghii} ceeupies the zene in
betwien 750 v t6 1200 . gl¥ihice, Thig 18 I0lldwad in
suceessicn by Deodur zone, Kail (Pinus excelsia) «nd Lecdar
nixed zone, K1l ond rir {(Abics alb:) nixed zene, Fir zune and
3irch (Betula) zonc. This covoers altitucnul zone upte 2352 n.
Ouk (Quercus) Puhu (Puriotia) rrow in between 1675 v anc
2750 n altituce. Mrdicincl plont hatbs such 45 Colehicun
gphpedrs, Proophyllun, atrepl dccurinit., Sausuric l.ops
row in between 1525 n to 4260 m in the state.

3.1.5  Apriculturc

The ec¢rnomy Of The gtate is 1lua¥, ely Lorurian. Hige,
reize and whest are the rain primcipial e¥onse Boiidos; S.rlel;
BaJxi, Jowsr Jad Gram are lso cultiviated in seme perts.
net srca under eultivaticon in 1980-81 w8 714000 huacteres nd
forsiced 15.8 per cont 21 The ¥rt.l Lrst. The stufe harvested
4. reesrd of ever 12 lalkh tompies in 1978<75 and 1t was tar ¢ttt
at 13.70 lekh tonves for 18980-81. Producticn of fruit tetched

5 1cklh tonrnez during 1980-81,
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Scils

The broad .reups +f the scils in the Koshmir dre:

i) Hirh_ ultituce snilsi~ These «re locuted within wn
altitucde £ 1800 to 2500 m stretchin. from Kirewe from cne
enc¢ 2nc brrcderinr forests on the cther. Thesc are heuvy
te stured s-ils, pH -cner:lly ron-es from 6.0 tc 6.5 and are
f oo fertiiity
ii, V.lley b.sin:- Thesc have resulted from <lluviun
cepesited from majoer rivers like Jhelum, Incdus wandc their
tributirics. These lie at un altitude :f about 1500 to
1600 m., Mecst of these scils are poorly drained.
iii. Kirewa scils:—~ This grcup include severly eroded
te mocderitely eroded biz t.able linds protrucing out of the
mountains dnc usuwlly borderin: slopes of mountiins. These
dre lucustrine cdeposits, located within an altitude cf

1650 tc 1800 m wund are relatively less fertile thon the hiph

altitude secils.

342 Methols of scil analysis
3.2.1 Cellection of scil somples

Snil profiles were cxpeses .t fourtscn di-ferent
reprosent ctiv- sitos in Pdifferent zoncs of the Kashnir velley
isCe & prefiles in Hi h 2ltitucde zine; 5 profiles in valley
biisin nad 4 prefiles in Kirewa zone in rréder to represent
the »=jr snil spoups found in the ¥ im. In w1l 60 s:id
s8.miles from these profiles were e:l'ected, ifter studyin:
the rorphrlesic.l £7itures fallowin: stancdird pracadurcs

¥ o

(U -TA " nnuel Honébsok N . 18,. Pourte.n bulk zcil s.mple:

[#3]
=
(W]
H
[
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1lse collrcted from these plic:s for rreen house stucdies. The
scil s.mples cclleocted were processed and stored in pelythene
b:os. The samples were then used for vericus types < studics
tr -chievs the abjectives alre .y cutlined. The rreccdurzs

frllowed 2re Cescribed o8 under @
3.2.2  Labrritory studics

3.2.271 Mechonical wnolysis

Mechonicel anilysis of the secll sumples was corrisc
sut by follewin: the Intcrnctional Fipette nethod us cutlinec
by P&per(1966). The tonturz of the semples wis computed from

the tevtursl wiazzam ci the U3DA Scil Texcnomy 1575, .
Ze2.2.2 Physicc—-chemical anulysis

is 30il yeaction:- The pH I the scil wes deterrdned
in 1:2.5 s52il watzr suspensicn with the help of expunded
systr-nics pH mcter o

ii. Culeium carbenutes It vas ditermined by B.rid

titr.tien method usin normil HC1 s describzd by Pipery 1966 .

i S0 Cry:nic ¢ irbeni- OCOrgunic c.rben wus estimutzd by

w2t 1 estion mothod -f ralkley .nd 3l.ck usin~ potissium
dichrrmzte «nd sulphuric =ci€ .s iven by.Piper(1965).

iv. Tzt -1 nitroerent= 2tim. i m £ tetel nitro-en wis medo
by fulliwin the Kjele:hl's moth @ os cescribed by J.cks:n{1967}.
Ve w11 blc phesphorus:~ The aveilable phosthorus wes
extracted by Classn's extroctont{0.5 M HuHCOB at o .5)

and colcur was developed by amreonium mnolibdate and stanious
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chloride., The percentage tranémittance was measured with
the help of spectronic-20 spuctrophotometer at 660 mi wave

length {(Olsen ot al (1954).

vi. Available potassgium:  The availsble potassium was

extracted with W NH,OAc (pH 7.0) and determination was carried

out with the help of EEC flame photometer {Jackson 1967).

vii, Cation exchange capacity (CEC) and excnangcabic caticns

cations: CEC was determiued by 3chollenberger!s methed of
leaching the soil with normal NHAOAC and determining

ammonical nitrogen by distillation (Piper 1966). The
exchangeable calcium and magnesium were determined by versencste
method from NH,OAc cxtract with EDTA titration method using
ammonium purpurate and erichrome black (T) indicators as
described by Black (1965). Potassium was estimated from
NH40A0 extract flame photometrically usirg systronics flame

photometer,

3.2.2.3 Potassium determination

The soil samples end the fractions of sclected soil
samples were analysed for different forms or K as ger the
proceduracs
1. Totgl k: It was cstimmted by digesting the soil with
HF and HCIO, as outlined by Jackson (1567).

2. Fixed K (1NHNO3 soluble K):  Estimation wes cerried

out by using boiling 1NHN03 as described by Hunter and Pratt
(1957).
3. HC1l soluble K: HC1 soluble K was estimsted by

treating the soil samples with conc., HCL os: given hy Piper( 1967,
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4, Water sclubl

o - 4 e e

R

potassium: - It wes cdetormined from

4]

5 scil w.ter suspensirn afteor shikin: the suspension for

twe hours «nc «llowin  them to stend 16 hours.

5. Totassium fixin- cupacitys~ K-=fixin eapaeity of the
surf.ce somples was done as rutlined by Jackscu( 1957). The
astimuticn »f potissium in &1l thesc cises wis made with

flime photcmeter.

6. I'lant cnalysis.~ Plant semples were Cicested uith
tri.cic mixturec -«nc then unxlysec¢ faor their K content us “iven

by J.cksen( 1967, .

3.2.2.4 Miner g dc-1 "n.lysis

The investi ~timms reloted to minerwls icul properties

€
L

c¢f the s0il comprisec cf Ceterminin’ pripuery and ¢loy minerals
in fine sand wnd clsy fractions. The methods uswd £or the

studies are Cescribecc 2s under 3

T Scpsration of fine sonc silt and cloy fractionsi- For

scpraticn of fine sand silt <nd clay fractions, the methad

cutlined by Bl.ck(1966 Fart I) wos followed. Bnoush air

2 mm 8o0il siémplc of tht sclected prefiles was taken so

&8 te cet zbcut 8=-10 -rams of cloy. The soil was tre sted with

Sodium ceetate buffer sclutien (pH 5.0; fer remevin CaCd, anc
=4

~tiacY galtss Or anie mattory wag destyroyed by the use =f

30 per ecent H202 anc free iren owiceg were remcved by sndiunm

pic.rbrnote = citrate - dithicnite (Mehra wnd Jockscn 1960, .

The disu:rro oticn wis achiovee by usin N:0H ( 0.1 N) _.s

fispersin « ent. The yvarirus seporotesvers o llect-¢ s

~utlincd by Piper{1966j.
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2. analysis of finc sund fr.cticns

The 1li;ht and heovy frictions of sand werce separeted
usin: broncfcrnm with specific pruvity of 2.87. The umount cf
both the fractions w..s then cu.lculuted cn the busis of the
icunt of totll sand tuken. For identification of primury
Aincrels the slides of cach fr.cticns (1i; it wnc hoavy, were
n.de by plieiny few fr.ins on the surfice of the ;luss slide
follovied by wddition of a4 Crop of distilled water. The slide
.5 then dried on hot platc anc therecfter cunudu bdlsunm wus
Jadded to cover sund srains. The slide wus warmed tulin, care
thet ne air buoble ro~ained between the cover slip «and the 3lid

the presence of differ-nt prim-ry minerzls wis then identifiecd

in the prepuarcC slide vith the hclp of dikken (Tokye) Iicrescoo.

3.2:2,5 An.lysis of cl.y fruction

Cluy sumples were subjoccted te
i. Physico-cherical .nalysie.
il 98 Koeray Clffr.etion
(i rhysicr~cherical on.lysis

Thizs compriscC of detersinin: Cats 5is Al; Fo wnc K.
or this purpone d siturcted eliy ganples were used. CEC was
ceterrined by saturatin the H eloys with X HHAC hC
'solution.(Fipcr 1966). Silic. w.s cdoterrnined eilori-mctricslly
in .n oxirect prepeyad by fusin. the ¢l ys with socfiun
c2rbonate (Pipzr 1966,. Fc vaus estimeted in atonic absorstiwvn
Ivectrophctometer from HF extract of the ¢l-ys «nd Al wus
¢. terrined ¢ lorimetrically from HF extruct usin; ilu-incn .s

thz erlourin,. o wnt. (Herdwitz 7975 in a0:aC beolky.
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11, X-Roy diffroction an-lysis

A puart of the sceparated cluy sample was siaturvted with
Murnesium and anctheor part with potissium using N—Ngclg and
N~K€1l respectively. The third purt of the duy was nounted
withcut any treostment (Bluck 1965 Purt I). The excess sults
(Chloride itns) werc removed by 3-4 washin,s with Jlcohol
.nd alechol + acctone mixtures. These salt free eluy samplus
were thrn ariented on “luss nicru~slides from & water
suspensicn 8t rcom tempercture énd X-ruy Ciffruction patterns
were ohtuained usine Philips Xeeray Diffrectrometer with Cu - X
ridistion, (Gmicmeter sconning speed of 2 deirees 2 0Ofminute,

4

velte o 240 KV ané ampera ¢ of 20 ).

The ma‘nesiun s -turited sanples were glyeol.tud
«nd » gseturited samples were hBeated to 35Dq3‘ The segueonce
fellowed for X=riy diffracticn in ruspeet of sli‘es wis done
«5 follows:
ad, Untreated
b. N&nesiun saturcted
By Mg ~dycclated
5 K suturoted nd

C. K soturcted ind heoted

Interpret tirm of ¥-r.y diffruactiogroms

The identificction of eliy sinersis by % Ray
Offraetisn fcchniqie is bused on ‘the refl-ctisn of ¥--Ruy by
the characteristic «tonie lutticc planes within the mincril
erystcls For the identifictiiion 3f eluy *insruls speciis, the
Ciffr .etimn nixima rbtuined wore gormared with the stunderd '&°

™ - \.'\ v . L x = L s . T o=y A
vilues (A7, charucteristics for cuch riner.l speeies 3reun 10&IL



3.2.3  Groep heuse studies

The bulk s il samples collectac from the varicus
pluccs for the uptake studics and te finc thelr rel.ticn wit
Q/I pursnctcrs, were processed am’ plustic pots of 1.5 k,
capdeity were f£illed with wne ko seil. Wheot (VL 421, us d
tost erop w8 rrown in the pets in grien house. Sone Quantity
~f 5.0d w.s mixed with scil to provide propor drodnage <né
sration. The pets woere darronged in different blecks wnd
recrranred within edéh bloek during: tho course cf experiaent.
The design of the experiment follewed wes completoly

randamized with three replicuaticns for each scil. A busil ¢rozo

af 120 ppo Nitreren (h-1f before sowing and half after one

n-nth ~f scwing) und 60 ppm F wus applied in the fornm of urea
endé AP respectively. The K troatments censisted of control,
200 and¢ 400 ppa K in the feorm of muriate of pectush. The dese
of X vaug fixed aftrr dotermining the K=fixing cuapacity of thcosc
scils. The sred wus trosted with captan in 1: 3000 rotic befcre
grwin, An rréder to pretoet the erep fron cny fun~.l stisck,
Eizht sonds veore sown por eontueiner ind fter emerpence the
plint were thinned to three in cech pote The pots were
Treguently wotered To maintiin them St wpproximutely field
c.pucity level und were froguently hceds After 60 cduys

(helf intcrv-l of maximum fl-werind ) the plunts freom cwuch

ot were T-ken out alon with rcrts. They wore weshed with t-p
weter, distilled wuter wnd dilute HCL t- renove 11 the
COherine notericl and were ther sun Cried. The moteri..d

wus subscquently driced ut 6506, weirhed, ~round ind pr.servcc
for subsequent wnslysis. 30il sumples were =lsc tuken fran

twen post Ior l.borutexry onclysis.
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V.rious trattment cempinuti-n dro

Scils 14

Replicutirng = 3
Trcatrents

1]

Tt number ~f pris = 126

5.2.4  Luntity/intensity gﬁ.f.t.l.i:.':ﬂ* ”k:{’

Ouuntity/Intensity rel:ti-nship of soils were estinitcd
by th: rathod niven by Beckett (1764 4,b) usin: the followin
nocifications:

Tws £ram pertions of scil somples were shuken with
50 1l .Jiquct of soluticns of Kol (107%. 107} und L1,
(2-7 x 1072M) in 100 ml ccnic.l flisks fcr 1 hrur. The £1 shs
were then JJlowed to stund cvornicht a£‘25”c for equilibr..ti-n.
daxt day the cquilibroted sclution wes filtered und K wes
Cotermined In the filterete flore phctonetricually -nd Cu nd Me

by ccmplexemetrie titrztion with ELTA ccecrvine tc procedure

of Burrows uand Simpson(1962;.

The wectivity r-.tio (Aﬁek) wis c.leul.oted using the
Lebye - Huckel cquati-n wné the free enoryy deterrmined by
usin- Gibb's frec sncrpy cquaticn. (Merin .nd Prutton 1965, .
The equaticns used:

ok k
. . x o TE

a(Cailg) = of(ca + 1) flca + M

Yhere o activity (meolcos/L)

o
I

Crncontratien (o lcs/Lj

e
i

Activity ccofficicnt
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The @/ r:loticnship wes found by plotting K < sinst

R

the evnecritent volues £ the detivity r tiv {AR,) where

scrpticn .n¢ descrpti-n retes are equad (%~0), was cbt.ined
by the intcrpeolation of the QI curve tz cut the X=uxis. Ta
Cistince betwesn thce twr piints where =0 _nd where the
curvilin-ar part ~f the Q/I curve n cxtrapelaticn moets

the APAK = 0 line was tukecn ds & me sure ~f Labile K (KL).
The potenti-l buffering cupacity w e culculsted 4s the lincar
slope ~f the Q/T. The free wncrry ch-nge (AF) wes
cilculated by f£711-win- the rclatin us @

® =-RTLn  u/k ___
;]EC?'"“ =-2.%73 RT (%P o1-PK)euls/n le

3.2.5  St-tistic-l «n . dysis

The dits was cnaslysed statistice 1ly o8 cutlined by
Ch-ncdz1(1958). 3imple und rultinle corrcl.ticns were w-rked
~ut for different wariobles <f rolevuance in the stucdy

(Spicrecl 1961,



CHAPTER IV

EXPEFIMENTAL FIIDINGS

The experimental results pertsining to the study of
pedogenesis, mineralogy end potsssium chemistry of soils
collected from various 7ones of Kashmir are presented undgr

o

the fnllowing heads:

1. Physico - chemical characteristics of soil
2. Mineralegy

2 Dotessium chemistry

bt Prysico-chemical properties of soll

4.1.1  Mechanical composition
d The data on the mechanical composition of the soil is
presented in Teble &, The pa rticle size distritution in
various w0il profiles in respect of coarse sand showed a glight
varinstion in the t ree vones, The coarse s+ nd fraction

varied from 0,22 to 3,45, 0,16 to 2.72 and 0,10 to 1,52

percent in high altitude zone, velley bssin and kerewa

soils respectively, The wvalues for weizhted everage of this
frection varied from 0.38 to 2.2%, 0,32 to 1.08 and 0,13

to 0,97 per cent in high altitude 7one, valley basin and
Karewa soils respectively, The distribution of coarse sand

in the soil profiles in 211 the threer 7ones was by and large
erratic and wes slightly more in igh altitude soils than in
the soils of the other two zones. The fine sand fraction
varied from 7.15 to 27.10, 14.7& *to 33,15 and 11,85 to

24.08 per cent in high altitude, valley besin and Kerewa soils



Table 4: Mechanical cor
cf Kashnir

Locatinn

{en) zon

V23 A 5

Hix~h

Pahal-an 0=15  Ap T48h

15=35  B1 1.47

35=50 B2 0,%5

50-125% B22t 0.22

125150 3221 0.32

eirhted avera e 0.52

LaFnse 0-18  Ap D50

18=-70 31 0,30

70=120 B21t Q.79

120-150 B22t 0,80

welchted cvera e 0.56

Ssnarar s 0-20 Ap 057

200 B1 D52

Eo=20 B2t 0.33%

g0=128 222t N.24

126--150 ﬂEJt Cs 27

ei~hted avera e {14 3E

Gulnar- 0-20 S 105

2050 31 1527

50-80 321t 1.84

g0 =150 B22t 3.45

gl hbeid averare A

“hiindicar 0-17 Ao Fals

17-60 B2t 2.6

650-90 322t 217

90=-150 B221t1.56

vel hted averare 2.08

C=20
2040
L40O=T70
70-120

120-150
eirhted averu

Khudwani.

=20
20Q=40
75 150

Nunw.r

w50

Valley basir

Ap 0.16°
31 o)

B27% 2.52

322t 3.05

323t Q.75

e 1.08
AD 1.&5
’52‘?.t 1-'(-:15

3211t 0.65

B2zt O.58
G TT

eirhted wyerdre

ogiiicon

Tepth Hdori -~ Coarsefinc
SF l‘lﬂ S'J‘ﬂd

5

Altitace

2R e
23.15
14.05
1200
11.85
15.0%

19.65
15.45
B+25
T+l

12.89

24, 01
2556
17. 14
8.62
T
15,20

15,42
21,40
1701
14.26
16.97

18,12
16 .42
16,86
27 21

Za Ry

26.85
33:15
22.28
17 G2
18.25
22.07

28.42
2756
18.08
18.21
21.28

audls Fren

B1Lt

FCLIAS

47 .85

4e.45 28.05
50.45 35.03
4850 3851
L .84 45.20
47.08 36.79
41,88 35.:50
LO, B4 43,45
Le 04 4844
4105 50:25
42.3T% L42.82
5Heli2 38475
36.89 39.15
40.26 42.10
40,19 50,12
40:56 51.48
2,87 44.27
5129 26,05
5048 2752
48.16 34.72
h5.2% 35.12
48,72 32 .28
F.128 28521
51.25 2942
h5.31 35+21
Z2:18 FB42
42,30 34,04
solls
5185 20:10
35.70 2<.85
61.35 73,70
40.85 40,45
42,05 38,52
41.97 34.58
40.28 22.50
3917 _:.&2
bﬁuﬁo 26 28
L4 .21 *L 10
41.72 i 4
cented

different zcunes

(per cent on air dry basis

Cley  Texture
7 8 . .

Clay loan

Clay loar

Billy elay lea~
Silty clay loarc
Silty clay
Sil1ty elay loun
ity Loar
Silty
Silty
il e
Silty

clay
clay
(4 ].-43."
B 14}/’
clay

Cluy loa

Cley lcan
Silty clay
oA lty clay
Silty clay
311ty clay

Sitt -
Silt -
Silty
Silty
Silty

1oar
l.car
e l..y'
clay
clay

e g
Y oo

i B
Silt loun
S11tY ¢lay
Clay loun

o
i -_1 _.:‘) 1‘..»._r

2111

—

41T lagn
Clay loan
Clay lour
o111y ©luy
5 Ity Clay
Cliy loar

L)
' s
Sl ¢

1y L ap

Glay loms

11Ty €lay ol
S1ARY €y I=i:
Cluy loer



i a

e e e O e T e NP P

Shalirar 0-15
1545
45. 90
G0-150

weilshted avera e

Pacdranporal-17
17-85

35--110

'eiphted uvera

Handwara Q=17
Y=
7585
85150

wei-hted averas

Tapar 0=-15
1535
35--60
60--90
90-150

ei-hted averas

nFG‘.rh G"16
16--31
2447
4797
97-1,0

cei-hted wvera-e

Far-~ore 0=20

Ap 0.45
B21t 0.75
B211% 0.85
322t 0.60

0.69
nD 0.70
39 0.62
B2 Lot
. 0.55
i"{p Ot 35
31 0.78
B2 O+ 54
821 D5

0.38

Kurevd soils

Ap ;I
B1 1408
B21t 125

Bz2t .91
3235t 0.72

0.97
Ap 0.27
31 Qe 1C

B4t Q.12
B211t0.10

322t C.10

Je13
wp Q.40

7 (0--60 3211 0.3S

62-25 B211t0.10

55-150 R22t 0.10

el “hted wverar D2
Kedl N=20 \p 0,85
2050 31 C.62

B0=E 821t D48

85150 322t 0.51

Yei hted avera 057

i i

52.28
L4 .4
42 .81
41.25
42 .85

52 2T
46 .42
45,61
47.13

60.58
27.21
5L.22
21.72
54.21

46.91
46, 21
45.38
40,45
41,38
43,32

54.48
52.C1
47 .Gz
42 .85
40. 44

Lt 58

51:58
C.40
42 16
40,28
44,80

5918
50,42
45.12
42,26
L5 .74

Silt lcan

Cliy loun
Silty eliy loar
Silty clay
Clay loar

SiTt lsan
oilty clay loar
ailty cluy logd
Cliy loar:

3ilt loau
Silt loan
S1iTE Lodn
5ilty eluy lear
211t lour

Clay loan
Silty eluy lLoas
Silty clay loax
3ilty ¢ ley loar
3ilt clay
2ilty cliy loan

3ilt leun

8ilt Joun

Clay Loam
Silty clay loar
3ilty clay
3ilty cluay loar

Silt loun

Bilt lcanm

Jilty .el 'y lo~m
silty clay
s11lty elay 1oz

g TESh
3ilt lcan
3ilty clay loun
8illy ¢luy lé.r
WItY elly 1bir



respectively, The weighted sverasge wvalue varied from

11.89 to 21.01, 17.40 to 22,07, 15.56 to 19.19 per cent

in soils of high altitude , valley besin and Kerewa zone
respectively., The meximum content of 27,21 per cent of

fine srnd wes observed in Chendigam soil profile (S0~150C o)
end the towest value of 7.15 per cent in the l.arnoo{120--19Ccn,
soil profile, The distritution of fine =nd fraction did not
show much variation though it wes slightly more in the soils

from valley basin,

The amount of silt veried from 32,18 to 51,25 per
cent and the weighted average values +varied from 38,87 to
48,25 per cent in soil samples from high altitude zone., In
the valley besin it veried from 35,70 to 60,58 per cent and
the weighted sverage velues rerged firom 41,32 to 54.21 per
cent, In cese of Karewa soils, silt varied from 40,28 to
54,48 per cent and the velighted sverage velues ranged from
43,32 to 45.74 per cent. The soils from the valley bssin had
e hirher content of silt and 8 maximun of 63,58 per cent was
observed in the Handwara g (017 =), while the minimum
of 35,70 per cent was observed in ‘huowani soil profile
f20-40 cm). There was an inconsistent trend in the amount
of silt fraction with en increfse in the de;th of the

soil profile,
The clay fraction wveried {rom 26.05 to 51.48, 20,40
to 43,41 and 20,26 to 46,48 per cent i scil samdyles from

high altitude 7one, vezlley basin and Ksrewas scils. resgpective’
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The corresponding values for weighted averages ranged

from 32,28 to 44,27, 28,14 to 36.92, and 33.27 to 39.25

per cent in these soilsy The clay fraction was comparatively
more in the profiles from high sltitude zone with 51,48 per
cent #s maximum in 3onsmarg profile (128-150 cm) than in

the soils of other zones., In reneral the clay . content
incressed remarkal’, with an increase in the depth in all

the soil profiles,

The predominant texture of the soils in high altitude
7one rasheed between silty clay loa m and silty clay, in the
vslley besin and Karewa soil profiles between silt loam and
silty cleyv loam, -showing thereby that the soils in all the
th: ee Tones ere heavy textured vith more finer perticles in

the high sltitude soils,
4.1.2  Chemicel properties

The deta on various chemical properties are presented
in Tatle 5,
i. 201l resction:- A perus=l of the data indicates a
slicht variation in pF of soils in the three 7ones. The
pH renged from 6.20 to 7.80 in the high s=ltitude soils and
velues for veighted averzge varied from 6.38 to 7.60. The
pH value of the soils from wley basin and “srewsa zone variec
from 7.3 to 8.5 and 7.4 to 8,2 respectively, Their
corresponding weighted average values varied from 7,40 to

£.37 and 7.64 to 8.18,
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1. Calcium carbonate--  The calcium carbonate (CaCOB)
content showed & variation from 1,0 to 3.5 , 0.5 to 10,5
and 1,5 to 12.0 per cent in the soils of high altitude,
velley basin and ¥Xerewa 7ore respectively. The weighted
averages in the soils of respective Zone ranged from

1.36 to 2,54, 0.85 to 4,85 and 2,31 to B.73 per cent, The
soils of the three -ones are generally calcareous and the
lrrewa soils in particular had higher content of CaCG3 than

those of other two 7ones,

1ii, Orgenic carbon :~ The orgsnic carbon content varied
from 0.81 to 4,44, 0,80 to 1.98 snd 0.22 to 1.86 per cent in
the high altitude, V?116§ basin and Karews soils respectively,
The corresponding weighted average volues in these zones
renged from 1,37 to 2.89, 1.10 to 1.54 and 0.47 to 1.00

per cent, 4 hiphest content of 4,44 per cent organic carbon
wes recorded in Gulmerg =oil profile (0-20 cm) and the

lowest (0=22 - ;Z ) in Pampore (85-150 cm), The surface
hori zons o all the profiles contained comparatively high
orgsnic carbon content which decreszsed down the profile, High
a2ltitude soils had comnearatively higher cvontent of organic

cerbon and the Ki rewa soils h=d the lowest.

iv, Total nitrogen:-~ Total nitrogen was higher in the
high altitude soils than the soils of valley basin and
Kareve 7one, The contents of tota 1 nitrogen varied from
C.05 to 0,24, 0,05 to 0,16 2nd C,02 to 0.12 per cent in the

high #1ltitude 7one, v=llev basin end Karewa soils respectively.
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Table 5: Chemical comosition of so0ils from different gzones of Kaghmir.

A P - - mn e .

Loggtion 5e;th .‘-pH | CaCO3 Crganic Total N Available Kg/h)
(cm) Carbon
D
- (1:2.5) (%) (%) (%) P29 K0
! 2 5 4 5 6 7

B e e e R ————— S a5 A A A A s ey 2 = = A S ——— . — B e S —. . e el Vi

High Altitude soils

Pasha lgam 0=-15 6.8 2:;0 2. 351 0. 18 30.8 R
15~35 6.6 1.5 1,91 0, 14 25T 280

35-50 7.0 2«5 1. 65 0, 12 25,7 291

50-125 6.9 2,0 1.12 0, C6 2%.1 281

125-150 T 1 1 5 0. 99 0. 05 15, 261

Veighted average 6.9 (. 1. 57 0,09 252 285
Larnoo 0=-18 .4 1, 2 2.34 0. 18 29T 296
18=70 6.8 Too 1. 95 0. 12 23.1 283

70-120 VAl (L 0. 98 0. 07 15.4 291

170-150 Tn 1.0 0. 81 0. 06 14, 275

Weighted average 6.9 14 1.44 0. 10 19.0 2835
Sonsmarg 0-20 6.9 5.5 3.93 0. 20 25,7 296
20=60 By T 2.5 3.69 0, 19 15, 4 229

T 60-90 6.7 e 1. 86 0, 12 14,1 215
90-128 6.9 2+ 0 T D 0. 09 2%.9 283

128-150 7+ 0 13 157 0. 01 15. 4 L2

Weighted average 6.8 242 2.48 0. 14 18. 5 231
Gulmarg 0=20 6.4 2.5 b4, b4 0, 24 38,5 323
= 20=50 6.4 2,0 3,60 0, 21 0.8 296
50-90 6,2 109 3.42 0, 19 23 1 312

90=-150 6.5 2.0 1.68 O 2 20.5 258

eighted average 6.3 1.9 2.89 0. 18 25,7 289
Cha ndigam Q=17 T 2.0 295 0,20 253.7 310
17-60 745 2.5 1. 7% 0.14  23.1 229

60-90 7.8 3.0 1.42 Q, 13 15.4 269

20-150 Tl 2.9 1. 06 0. 09 23: 1 256

‘eighted average %> 249 130 0, 12 21.9 257

Valley basin soils

T hudwani 0-20 7.4 2.0 1,92 0. 16 30. 8 256
20-40 (i | 1.20 Q.10 25. 7 237

L0o=70 T B 5 1. 14 0, 02 2%.1 295

LN 70-120 7.4 1,0 0. 86 0. 07 15. 4 175
120-150 TaD 1 @ 0, 80 0. 06 15 44 210

elighted average Tl 1.2 1,09 0. 09 20.4 209
llunar 0-20 7.9 10, 5 1,92 0. 16 26.7 215
20-40 7.8 8.0 1. Th 0,13 e 0 202

LO-75 e T 6.0 1. 179 0. 09 14, 1 188

75-150 el 2,0 0. 96 0, 07 20,5 256

Veighted average Tl 4.8 4,29 0, 09 19, 4 227
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1 2 3 8 5 6 7 8
(Shelimar 0=15 TeD 0.5 1.98 0, 14 23,1 275
15-45 7.4 1.5 1.65 0, 12 18, 0 283
45-90 7.4 1.0 1,28 0. 09 15. 4 256
90-150 7.4 0.5 1420 G, 08 15.4 221
Weighted average 7.4 0,8 1«34 0. 10 16.7 249
Padgampora 0=17 8.5 5.5 1. 81 0, 12 15.4 242
17-85 8.4 50 1,62 0. 10 15. 4 229
85-110 8.2 4, O 1. 8¢ 0, 09 18, 0 256
Welghted average 8.3 4.8 T« 54 0,10 16.0 237
Handwara 0=17 Tl 2D 1.44 @, 90 257 229
3 1T~35 Pa'F ;™) 1. 83 0,10 L | 188
25-85 Tl 2,8 e 200 0. 09 15,4 173
85-150 8,0 2y 0.90 Q. 05 M, 1 242
Welghted average T.B 1.94 T+ 10 0, 08 16.9 201

Karewa soils

Tapar 0=15 Tel 2.0 1. 86 0,12 30, 8 229
= 15«35 7.4 2: 5 0,92 0. 09 25,7 202
! 25-60 To6 B 0, 82 0. 07 18,0 188
60=-90 7.6 3.0 0,68 0. 06 18. U 215
90-150 7.8 1: 5 0. 50 0. 04 25.7 256
Weighted average ) 2:3 0,78 0., 6 23,4 226
K, D, Farm 0=-16 7.6 YD i 0,10 25.7 283
16=31 7.6 1.5 1. 08 0, 08 25. T 256
3147 Tl R0 fs O 0, 07 23.1 220
L7=97 7.8 6.0 0. 89 0. 6 15. 4 237
97-150 7.8 8.0 0. 87 0,05 15. 4 242
Weighted =verege Te? B2 D ¥ S 0. 06 18.3 244
Pampore 0=-20 Tud s W 0. 89 0. 06 28,2 256
20-60 7.8 6.5 V. 66 0.08 23.9 229
60-85 T 8, 0 0. 35 0. 03 15,4 188
85-150 8,0 2.0 0,22 0, 02 1, 9 167
Weighted average Tl 8.7 0,45 0, 04 18.6 199
*oil 0=20 8,1 4,0 0. 91 0. 05 19 2 215
20-50 8,2 Dal 0, 68 0, 04 15. 4 202
50~-85 8y 2 8.5 0,45 0. 03 15.4 175
- 85-150 8.2 8,0 0, 26 @, B2 T T 188
Welghted overoge 8,10 6.7 0. 47 0. 03 155 191

«
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The corresponding weighted average velues renged from 0,08 fo
0,18, 0,08 to 0.10 #nd 0,03 to 0.0 per cent, The scils in
these soneg dif. ered in respect of the nitrogen content. The
dietribution of nitrogen ir the soil profiles of the three
~ones depicted a decresrsing trend with &an increzse in the
depth of the profile, the surfece leyers cont2ining

comparatively hicher nitrogen content,

V. Av=milaple phosphorus-- The aveilable phosphorus
(9205) content varied from 14.1 to 38,5 , 14,1 to 30.8 and

4.1 to 28,2 kg/h in high sl titude valley basin and Karewa
soils respectively. The volues for weighted aversges ranged
from 18.5 to 25,7, 16.0 to 20.4 sand 15.3 to 23.4 kg/h in
Migh altitude -one, v>lle: basin and Kerewa soils respectively.

The surf-ce hori-ons had inverisbly higher content of P2C

4
which shoved generrlly decressing trend dovn the profile, The
fertility steatus of the s0il in respect of te available
F_O_may t~» rated as medium,

2 5

5

vi, r Avali s Lit¢ potashi- The con.ents of aveilable potesh
(KZO) varied from 215 to 323, 173 to 283 and 167 to 283 kz/h

in the hizh & ltitude, vr lley besin sndKarewa soils respectively
The corresponding weichted sverase values renged from

251 to 285, 209 to 249 and 191 to 244 kg/h., The high altitudes
coils contaii.z! relstively higher amount of avesilasble hZG.

The higher K20 contert of 323 kg/h wes observed in the

surface soils of [ ahelgem and Gulmerg falling in the high

altitude =cne, The fertility st:..tus of aveilsble K20 Oy
be r~ted as mediun to high,
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4,13 Cation exchenge capacity and . @mchangeable cations
The results for cstion exchange capacity (CEC) and

exchangesble cations are presented in Table &,

It is observed from the data that CEC varied from
21.08 to 30,80 me/100g in the high 2ltitude soils and the
vweighted average values varied from 22,49 to 28,98 me/100 g,
The CEC in the v=lley basin renged from 15,30 to 22,95 me/100g
and thelr veighted average v&lues ranged from 15.80 to 22,31
me/100g wrereas in the Karewa soils it varied from 14,50 to
23.50 me/100g and the volue for weighted zverage ranged
from 15.01 to 20,14 me/100g, The highest value of CEC
(30,80 me/100g ) was recorded in Gulmarg profile (0-20 cm)
whih had higher content oI orgsnic carbon end a fairly good
amnunt of clay, The lowest value of 14,50 me/100g was
observed in the sub-scil of Koil nrofile (506-150 cm), The
high pltitude snils exhibited a higher vealue ofCEC then tﬁe
s0ils from remrining -ones, the Xerews soils hed the lowest
cetion exchenge cepacity. The lower horizons indicated
gerierally higher CEC becaurce of the tendency cf the clay

particies to incresse with the increase in depth,

The content of aexehrngesble calcium wes found
to be unevenly distributed in the soils of three regirns.
It va: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
Karewa soils rgepectively. The corresponding velues of
veighted sversge varied from 18,70 to 15,65, 8.87 to 13,04

and 8.38 te 12,48 me/100 g soil, The highest value of



Trble 6-

Location

Pohnlgem

Welghted

Lrrnoo

Weighted

Sonomerg

Weighted

Zulmerg

Welghted

Chrndigem

Welphted

Thudwoni

Leighted

Cetion exchonge copacity (CEC) ond exchangeable

crtiong of soils from dificrent zones of Kashmir,

ke e N e AR oA

Depth
\cmy

0~45
15-35
35-50
50-125
125--150
rversge

0-18
18=70
70-120

120-150
average

Q=20
20-60
£0-90
90-120

120-150
avernge

0-20
20~-50
50~30
93-150

LVeroge

017
1760
60-90
80-150

evernge

0-20
20-40
LO=70
70-105

105-150
fverage

61~

contd.., ...

| e (wea002)
CEC e n. .. Exchrmgeable
e GO M KoL
3 e - -

High Altitude soils
22,50 14,60 5.39 0. 81
21.08 12.95 4, 85 0, 62
22.40 1% 81 5. 62 2, 71
25,52 16,48 5,62 0,85
27.21 16.92 6,41 . 0, 91
24,59 15, 52 5,62 0. 81
21,08 14,64 6. 07 0.53
22,45 14, 64 6.41 0.43
23,08 15.30 7. 01 0,42
22,46 16. 01 5, 21 0,48
22.49 15.13 6.32 0.46
23.30 12.45 8, 02 0.43
22,58 12.45 7.95 0.42
21.50 11,85 7.08 0.28
23,48 12,05 8,41 0, 28
24, 01 13.71 8, 82 0.39
22,92 12.50 e.05 0.36
30, 80 18.9% 9. 91 0. 81
28,15 17,46 9,45 0.72
29,80 17.46 9,45 0.€2
28,25 13, 24 9. 85 0,72
28,98 15.9% 9. 51 0,70
25, 00 15,42 7.85 0,35
23.50 13. 18 8. 01 0,32
24,50 15.72 8. 01 0, 30
2400 15.90 7.35 0. 30
24, 07 15. 02 7.72 0.31
V+1lley besin soils

20,28 14, 55 4,50 0.26
19,46 14,90 4,01 0. 31
17.50 12.42 4,36 0, 21
16,89 11. 85 3,35 0.28
20,50 12,91 6. 82 Q. 17
18, 89 13, O4 4,95 0.23



Velighted

Sholimer

0-20
204 0
L,0-75
75-150

overage

0-15
15-45
L5-90
90-150

lieighted overnge

Poadgampora

veighted

liandwars

Leighted

Toapor

1

'eighted

. D, Farn

Veighted ¢

Pompore

Veighted ow

0=-17
17-85

85-110

averoge

0=17
1735
%5-85
85-150

TVernge

0=15
7 i 1)
35-60
60-90
90-~150

nverage

B2

18.90
19. 58
20.41
20,41
20, 02

20,50
21. 00
22,95
22:95
22,91

16,75
g
15, 30
15 80

20,30
241,85
e
18, 85
20, 54

Karewa

19. 52
18,42
2 85
20,42
20, 02
20, 1h

19,79
18, 08
19. ’70
19,70
20,30
19: 75
£3.50
19. Q0
20,85
19. 00
19,90

15. 00
16, 75
14, 50
1450
15. 1

10. 58
12. 41
11+ 50
12. 05
11. 86

12,46
11,99
11. 95
12. 08
12,05

9. 56
9. 01
8.03
8. 87

11, 08
1. 95
12:%1
iy
12. 49

soils

12,5%
10, 81
13, O
12.98
12. 23
12. 48

12. 46
10, 81
10,45
19 55
12, 5
11.62

14,98
12. 05
2. 89
11. 75
12. 43

8. 56
9. 01
.56
.95
8.38
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18,95 me/100g wes observed in Gulmargsoil, {0-20 cm) and
the lowest va lue of 7.9% me/100g was found in the Koil
profile (85-150 cm), The e:changeable Co was the dominant
cetion pre-ent in 2ll the trree “ones and high wltitude
goils hed comparetively higher content of exchengeable Ca,
The exchangea ble Mg content ranged from 4.85 to 9,91,
3,85 to 8,05 and 4.05 to 6,48 me/100g in the high altitude
zone, valley besin and Karewa soils respectively., The
corres -onding vealues for welghted averages ranged from
5.62 10 9 51 3,85 to 8,05 and 4,05 to H.48 me/100g soil,
The amount of erchangeable Mg was higher in the high
zltitude soils tha n in the scils from other two zones.
The Gulmarg wrofile contained the high:r comtent of
e¥changeable Mg with its weighted ave:age value as G,51
me/100z, The distribution of evchangeab’e Mg wes erratic

in almost 211 the soil profiles,

The contlents of erchangesble K ranged from C,28 to
3,91, 017 to Q.43 2rnd 7,21 to C.E2 me/100g in high altitgde,
valley besin and Karewa soils respectively, and their
corresponding values of welghted average ranged from O, 31
to 0,81 0,23 to 0,40 and G,23 to 0,52 me/100g. The
highest content (0,81 me/100g ) was observed in Pahelggm
(G=1% cm) 2nd the lowest (0-21 me/100z) was recorded
in Fhudwani, Handwars 2nd Koil profile samples, The
exchangeable K wes higher in high altitude s0il and the
valley soils had the lowest, Exch-ngeable Co wnz fownd
to te the demin-nt crtion folloved by M7 nd K in the solls

studied,
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4,2 Mineralogical studies

Mineralogical composition of the selected soil
semples wes studied for ~rimery and clay minerals and the

results ere presented in Table 7.

4,2.17 Send Mineralogy:- The fine ssnd fraction of the
soils conteined 96 to 98 per cent light minerals and 2 to &4
per cent heavy minerals., Gegmerally the percentage of
heavier minersls was found to be slightly more in lower
horizons, The importent festures of these minerals as
observed under microscope are described below :

e Quartz:~ The fine sand fraction from high altitude
7one contsined ouartz as the dominant light winerasl
constituting 5% to 63 per cent, the valley basin soils
cont=ined 45 to 55 per cent and the Karewa soils 43 to 55
per cent, retrogrephic study revealed that quartz grains
were heavily sta ined and were sub rounded to sub-angulsr
shaped +vith stsined inclusions, Fresh rounded grains

of ~uart- vere observed in larn-o and Fahslgam soil, The
Gulmerg soil had relstively higher content of nuart-, The
Gulma rg soil hed relatively higher content of quartz. The

sam-le from Koil and Famrore had lower content of quarte,

ldspar:~ TFeldspars (orthoclase end plagioclase )

e 8

|

wepre observed to be rectangular to platy in shepe and light
grey to yellowish coloured, The plaginclase grains were
irregular to platy and of difierent colours., The contents

of feldspar varied from 18 to 24 per cent, 15 to 20 per ceut

¥
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Table 73 Mineralogical composition of fine sand fraction of seils
from different zones of Kashmir.

TCocation/  Light minerals Heavy minerals
Depth (Cm)
[ -3 . 3 =

High altitude soils

Dahalgam Quartz (60) feldspar (20) Opaque minerals (25) biotite(9)
(0_15% Muscovite (10) kaolin (5) =zircon (8) chlorite (6;
augite (5) ilmenite (5
tourmaline (4).

Larnoo Quartz {63) feldspar (22) Opague minerals (25) biotite(1L
(0-18) miscovite (8) kaolin th) zircon (9) chlorite (6)
augite (6) garnet (5)
hernblende %5)

Sonamarg Quartz (6C) feldspar (21) Opaque minerals (25) biotite(10,

(0~-20) miscovite (10) cklorite (8) zircon (7)

kaolin (5) hcrnblende (5) magnetite (3)
Gulmarg Quartz (63) feldspar 524) Opague minerals (25) biotite(10)
(0~20) miscovite (7) kaolin (4) tourmeline (7) zircon (6)

magnetite (4) garnet (4)

augite (4).
Gulmarg Quartz (62) feldspar %21) Opaque minerals (24) zircon (1C]
(90~-150) migcovite (7) kaolin (3) biotite (8) chlorite (6)

tourmeline (8) ilmenite (5)
Rutile (5).

Chandigam Quartz (55) plageofeldspar Opaque minerals (25) biotite(1C,
(0-17) (18) muscovite (8) chlorite (8) tourmeline (8)
kaolin (4) augite {6).

Valley basin soils

Khudwani Quartz (55) altered Cpaque minerals (20) biotite( 11,
(0~20) lagioclase and orthoclase chlorite (7) tourmeline (6,
?2?) miscovite (7) kaolin ilmenite (5) zircon (5).
L),
Nunar Quartz (55) feldspar (19) Opague minerals (21)
(0-20) muscovite (8) kaolin (4)  biotite (1)) chlorite (3)

3

ilmanite §5) hornblende {3)
zircon (3).

Nunar Quartz (53) feldspar (15) OUpaque minerals (20) biotitz( 1
(75-150) muscovite (7) kaolin (2). ochlorite (7) garnet (5)

zircon (4) hornblende (2).
Shalimar Quartz (55) feldspar (18) Opaque minerals (20) biotite(11)
(0=15) muscovite (8) kaolin (2) chlorite (7) tourmeline (€)

augite (5) garnet (5),

GO Qs ve
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Table Contd- ‘e

— e . N i e

l'l

Fadgampora

(0-17)

Handwara
(0=-17)

Tapar
(0=~15)

K., Farm
(0=16)

P ampore
(0~20)

Pampore
(85-150)

Koil oo’
(0-20) ..

——wr =

(59’

Quartz (50) feldspar (20)
muscovite {(7) Kaolin (5)

Ouartz (45) feldspar
muscovite (7) kaolin

Karewa soils

~ Quartz (55) feldspar (21)

miscovite (10) kaolin (5)

uartz (51) feldspar (19)
muscovite (8) kaolin (6)

18)

Quartz (45) feldspar 27)

miscovite (8) kaolin

Quartz (50) feldspar (15)
miscovite (10} kaolin (8)

uartz (43) feldspar (14)
miscovite (10) Kkaolin (75.

Opaque minerals (20) biotite(12;
tourmeline (7) chlorite (7)
augite (5) hornblenmde (3).

Opaque minerals (18) biotite(13
chlorite (8) augite
garnet (&) ilmenite (4,

Opague minerals (16) biotite(1C)
chlorite (6) augite (5)
ilmenite (&) hornblende (2),

Opaque minerals (16) biotite(10)
chlorite (6) augite (6) .
zircon (&) hornblende (2).

Cpaque minerals (17) biotite{8)
ilmenite (6; augite (5)
chlorite (5) zircon (4),

Opagque minerals (16) biotitc (9)
augite (6) garnet (5)
chlorite (5) hornblende (3).

Opazgue minerals {15) biotite(8)
chlorite {5) augite (4) §
ilmenite (4) magnetite (2).

(Figures in brackets indicate approximaté percentage),

O
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and from 14 to 21 per cent in high altitude scil, valley
besin snd kKerews soils respectively. Larmo and Gulmarg
sam-les in thehigh altitude ~one had relatively higher
content and the Koil semple from Kerew2 =zone had the lowest

content of feldspar.

r 8 % 1 Muscovite:= Muscovite mica grains were present

as thin plsty fleakes and were mostly coloured, The
distribution of muscovite wes more or less uniform in all the
soils under invertigation and varied from 7 to 10 per cent,
The other light minersls present include kaolin and mnicroclirne

which waere found in verving proportion in these soils,

Amongst the heavy minersis, biotite showing light
broon to dark brovn with clesved flvkes wes present in all
the ~ones, It erhibited red stzains in valley bssin samples
which could poszibly be due to the oxidation of rat *. 1ts
content varied from € to 13 per cent in all these soils,
Augite and hornblende precent, were dark black to dark green
in colour and hed irreguler to prismatic shape. They

contributed 5 to 15 per cent the heavy minerzl present in

thes

m

semoles, Chlorite greains ere present to the tune of
5-8 per cent and vere coloured znd rounded, The otaer heavy
miners le included gernet, ilmemite, maenetite tourmzline snd
7zireon, The content of opaque minersls wefs slightly higher

in a8ll the soils and veried from 15 to 25 per cent,



4 2 Clay mineralogy

Clay minerals'wgre idertified on the basis of

chemicsl enalvsis and X-hey difirzction,

4,2,2.1 Physico~chemicsl analysis:- The deta (Tzble 8)
indicates that@EC of high altitude soil clays varied from
36,42 to 44,81 1in vallgybosin from 28.36 to 36,42 and in
Xarewr =0il clays from 26,40 tn 36.48 me/100g, The CLC

v = more for the hiegh sltitude :0il clays than in the valley
hasgin =nd iarews clavs, The [F2h2ligw semple h2d the highest
CEC (44,81 me/100g) end Koil seuple had the lowest (26,40 nme/
100g ). The CEC of soil cla vs ol thesze soils tended to

= prosch those of illite #nd cliicrite which have the CEC

within this renge.

The sillics content (3i02) veried from 42,48 to
46,52, 41.6¢ to 44,80 end 41,4E to 4€.52 per cent in soil
clzvs from high altitude =zone, vz1llzy W sin and arewa soils
rezcetively, The silice content did not exhibit any marked
verietion in these soils, The ?ePCB content varied from
11,92 to 14,42, 12,62 to 16.25 #nd 11.94 to 18-42 per cent
in high 2ltitude, velley basin snd Karewa soil clays
respectively, The highe' content of 156,42 per cent was
recorded in the I D.™arm snd the lowest (11.92 per cent)
in Larnoo soil cleys, The A1203 content varied from
20,26 to 22,42, 21,48 to 24,47 and 22,60 to 25,82 per cent
in the soil clays of high 2ltitude zone, velley beein erd
Ke1ews zone respectivelv, The Kzﬁ content varied from

3 26 to 5.76, 3,35 to 5,52 and 3.83 to 6,48 per cent in high



60—

Table O. Physicowchemicul fnslysis of clay (2u) gamples oi so0ils from

PP S S B L T T B e S SRSt

—t S Edea s eaE

different zoies of Keshmir, iy e
_WOLAR RATIOS

Location CIiC $iC, Feb- &LDO: R.O. K.C S0, /30 SiC./AL 0. AT O,/
me/100g (%,° .2 ° .. €2 23 2. e gl Ay 2v'y

Vi) (i Lo 73)

1 2 .3 A 5 3 v 8 9 10
: High Altitude solls

%ahalgam 44,81 L2.,48. 13,08 21,85 34,93 5,28 2.6 Se3 %99
0--15, :

%arnoo 4o.,4k2 44,20 11,92  22.42  HAJB3L4 35,84 245 9543 55
018 . -

?Qn;marg 38,90 43,08 14.42 22,42 36,84 5,76 e 3.2 3,6
O-—- : O a2 .

%ulmarg 42,52 46.52 13.90 21.40 35,30 4,58 2.6 B bh,3%
020 .
Gu Linars: 3,46 46,52 13.90  20.26  4.16 3.3 2.7 3.9 5.5
(goum/ ) e
Cl'lal'ldl alll 3'5.1{'2 /‘*'LI"BEJ 15-08 2'\--‘0 ‘E’U 3:)'88 5.‘34 :‘\.G 30? 5 D

(O"171
Valley basin soils

%Sudwani 30.46 43,08 12.62 24.48 37,10 5.52 2.2 %,0 L. O
-20, .
Ilunar 32.38 41,66 15,80 23,96 539.76 L, 42 2.9 2. L 5.0

(0-20; s,
Nunar 30.B2 3,60 16,25 23 .42 32.67 3.54 2.1 % 5
(75-150) | — B

Shalimar 26.42  L4,B80 14.80 22,82  37.51 335 2.4 Selt 53

(0-15;

Padgaripora 28.3%6 4,50 14,05 21,48 56 - 5 .
(O~%7, > Tl 5. 51 3.84 2.5 z.5 5.2

Contd,.., eve



ot s

Tabl‘?_‘ CO'.'L'td- e

?andwara 34,90 43,82 12.95 22.206 35.21 5. 36 2.4 53 €.0
017,

harewa soils
ﬂ(?apar, 32.60 46.52 11.94 25.26 37,18 5,36 2.1 Do 4.3
0-15,
I(x.D. Farm .42 43,50 18.42 24,80 43.22 3,80 2,0 240 6,0
0-16,
Pampore 36,43 41,46 15.42 24 ,0% 29.45 4,12 ) 2.9 5.3

( 0-.20 .
Pampore .21  42.90 15.60
\85-150,

N

U

&
Q
il
(0)

2
[‘110!46’ 5-?-8 2.G 2-‘
4 2

zzoil. 26.40 42,64 15.60 22.60 38,20 .32 o2 52 5.0
D=20,

Fisures in brackets indicate depth in cm,.
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altitude, valley basin and karewa soll clays, r-spectively,

The semples from the lower horizon revesled lesser K0
[t

content in case of Gulmarg and Lunar but the trend va

reverse in v'ampore.

4,2,2 Molar ratios:

The melar ratios of SiC, : RU4, 8i0, @ AL L5 cnd

A1205 : K2O were computed from the clay anaslysis deta and
ore presented in Table 8,

Silige - sesquiexide ratio (8i7, : MEOB): Silica and scsguioxis
constituted the major portion of soil fabric. The ratio
varied from 2.3 to 2.7 in the high altitude soil clays, from
2.1 %o 2.9 in valley basin oleys sng frow 2.0 To 2.2 in eleys
from karewa zone, The silica and sesguloxide ratio ranged
between 2 to 3 in the soils studied which suggested the
preserice of iliite znd chlorit. miperals.

Silica: glumina ratio (5i02 - :LEUB): The silice aluwine
retio varicd from 3.2 1o %,9, 2.8 10 3.5 and 2.8 to 3.2

in tiwe scil clays of hig1 altitude,villey basin and karewe
zone, respectively. Higher wvalues of SiOZ/A1203 retio {35.9)
was observed in higa altitude soil clays (Gulmarg). The
silicz -« alumina ratio indicate the possible presence of

1lilte sh@ chlorite.

Alumina - potassium raticos . & (Al403 . hzo) £ The
[
aluming - potassium regtios varied from 3.5 to 5.5,

4.0 to 6,0 and 3.7 to 6,0 in high altitude, valley basin
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and Kerewa soil clays respectively, The higher value of

6,0 &= erhibited by the srmplez from Nunar, Shelimor,
Handwera end X,D.Farm may be attributed to the higher content
of finer particles vhich meke up about 80 per cent of the
soil fabric in these soils, The cley semples, by end large
contrined frirly higher content of Kzﬁ, ffhe pre=ence of

i'lite is thus inferred in theze s mples.

4,2.2.3 X-rry diffr-ction:- The important d-sprcin: s of
different clry miner~ls obtrined from x-rry diffractogramme
of clry s mples 2are pres nted in Tobles 9, 10 cnd 11. The
diffrrction p-ttern of these cloy samples ~re shown in

Fig. 2,

The soll clfys from hizh oltitude zone chowed @
strong reflection =t 10,04 to 10.52A° in Mg saturcted somples,
The glycol:r ted semnles showed the brnsal reflection ¢t 10, 04
to 10,394°, Upon heating the srmples the spacings did not
erpend bul reflection become more intense, The higher order
pe~ks of these reflections occure at 5.0 to 5.21 and 3,32 to
3.45 Y d-spacings, This suggests the presence of nica
ite) #= the dominznt clry minernl, The 104° ~eck in
cnse of Poholgenm Lernoo ond Gulmnrg s=mcles showed
asymmetricnl brosdening toverds low 2 O angles, suggesting
the vre-ence nf degraded n~ture of illite in these semples,

.0

Glycolstion friled to erhibit cny ernan-ion of 14 therely

ruline out the presence of erpsnding minerals, The collapse
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or reduction in 1AA0penk on i~ saturation ~nd on hesting

to 3BOPG znd the incresse in intensity of 10A° reflection
indicrtes the poussible presence of vermiculite in Lornoo
and Ch udizem s'mples. Hovever, on K scturetion and heating

the 14A°

perk  persisted in Prhrlgem, Soneémarg and Gulmarg
soil clavs, thus nointing towrrds the presence of cinlorite in
thece s mples, The higher orde: reflections observed ot 7.07
te 7.55 rnd 3.50 to 3, €3 AO, t:elr inte~sities decrensed

with therm~l trer tment. The presence of chlorite, therefore,
1s inferred in ©#ll the = mples of this zone but rel-tively

in smrcller ~unrntities in Lorn o #nd Chandigem,

Minerrls of kaolinite group 2re ch-rrocterized by
strorg refilections ot 7.2 rnd 3,6A° which discopecr or
decrer -e in intensity on thermel trestment, The reflections
observed in theee s mples ~t 7.07 to 7.5C A° ond 3.55 to 3. 674
ore relrtively verk -nd decre zed in intensity after hecting,
thus the presence of koolinite is inferred. The presence
ol krolinite wrs confirmed by HCl trestment which decompnsed
t e chlorite miner1 snd the V.EAD peak persisted in 21l the
stmrles, Quartz -nd feldspor seems to be absent or present
ir Jr=ces only s their charccteristic refiections at 4,264°
~nd 3.2A° vere missing,

The inter-strctified or mixed lrver miner:l group
m~y T resulrr when these occur with & fixed periodicity

while rsudom or irregulrr iswed 1if the opposite is the cose

C
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Table 9¢ Important d-specings (AO) of untreated clary
somples from different vwones of K-shmir ,

B e e T T [ S — o W e aem—k . M a R RRE TR AR AL F W SRt e s————e o

Location/depth(cm) Defelection

—— - - T R el S e P it ¢ —a

High Altitude soils

Paholgem(D=15) 3,50, 3.5%, 5.06, 7.07, 10,04 and 14.24
Lornoo(0=-18) 3. 36, 3,63, 5,06, 7.36, 10.39 ~nd 14.24
Son~m-rg(0=-20) 3. %6, 3,61, 5.06, 7.30, 10,39 ~nd 447
GulmﬂrsiO—EO) 3.3, %.55, 5.03, 7.24, 10,27 snd 14.71
Gulmor( 90-150% 3.36, L.79. 7.07., 10.0L ~nd 14,24
Chandigam(0-17 3,33, 3,57, 5.06, 7.18, 10,04 snd 13, 58
Valley basin scils
Khudwani (0=20) 3,36, 3.58, 4.79, 5.06, 7.24, 10,27 and 14, O1
Nunsr(0=20) 3.38. 3.61, L.79, 5.06, 7.36, 10.39 =nd 14,71
Nuno r(75~1501 3,29, 7.07, 10,04, ond 13.58
Shnlime r{0-15) %.36, 3.60, 5.06, 7.24, 10,15 and 14.24
Fodegompor2(0-17) 3,36, 3.5%5, 4,79, 5.06, 10,27 ond 14,71
Hondwara (0=-17) 3,39, 5,06, 7.30, 10,39 ~nd 14, 01
Korews soils
Tapsr(0=15) 3.39, 3.63; 5.06 7.36, 10,39 nnd 14.24
K.D.Farm(0-16) 3,34, 5,06, 7,07 and 1C, Ok
Prmpore(0=20) 3.63, 5,06, 7.30, 10,39 nd 14.71
Pampore(85-150)  3.36, 3.57, 4.76, 5.06, 7.24, 10.39 rnd 14,71
Koil(0=20) 3, G5,

3.29, 3,53, 4.,66,4.92, 7.07, 10.04 ond 14,09

i e A Aa At a3 me A o A—————— e P e 8 e A e s s b e et e ¥ S S L e e A —— L —
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Importont d-spocings (AY of Magnesium saturated and

Glrecol-ted cloy somples from different zones of Kashmir,

- ik e e

AOC‘tlon/denth
(cm)

Soholgan(0=15)
Larnoo(0=18)
Son~marg(0=20)
Gulmorg (0=-20)
Gulmarg(90-150)

Chr ndigrm(0-17)

Khudwoni(0-20)
Nuna r(0=20)
Nunar (75-150)
Shnlimnr(0-15)
Prdgampora(0-17)

Handwara(0-17)

Tapar(0-15)
“.D.Farm( 0=16)
Fempore(0-20)
Fanpore(85-150)

Koil(0=20)

e A £l A T S 45 P S -

- — o ——

Mg Saturnted

R o S SR

Mg Glycolated

——

e B S S A ——

High Altitude
345, 3.65; 4.92, 5.15,
10.52 =2nd 15.22

%08y .65, 5.08, 7.36,
and 14,47

D32, 5.55, 5.00,7.07,%0,06
and 14, 24

soils

7. 36’

3-36, 3.58, L"'?L“,B-OB’ 7-13’
10,15 ond 14,47
3. 41, 3.63, 4,76, 5.96;, 7.30,
10.39 and 15, 22
3,85, 3.07, 4.78, 5.2%,; F.59,
10,51 ond 15,22

Vnlley basin soils
3,39, 5,83, 4.T9,; 546, T:39,
10. 39 ~nd 14,96
3. 36’ 3. 63’ 5- 03, 7030, 10.39
ond 14,71
3,56, 3.57, 4.74, 5.00,7.24,
10,27 ond 14,47
%30, 3985 4,79, 5.6, 7.3,
10, 27 nd 14,47
3.97, 3.98, 4,871, 5.12, 7.50;
10, 15 and 4.7
538, 3.81, 4.81, 5,12, 7.30,
10. 39 '“I'ld 1_/.42

Karewa soils
5.36, 3.58, 4,79, 5.08; 7T.24,
10,39 and 14.71
3,36, 3,60, 5.06, T.24, 10.%5
md 14,47
457 3,69, 5,06, 7.24, 10.P°7
nd 14.71
338, 5,61, 4.76, 59.06, 7.18,
10. 04 ~nd 14,71
5,98, 3.61, 4.79; 5.06, 7.18,

10.0& nd 1& &7

10,38,

L e —— i 1 Bl i . e M i e R T TR, T Sl W R AR

L.66, 5,06, T.30,1G.27

and 14.71

L".79’ 5. %’ 7'2‘1“
and 10,27

L.81, 5,06, 7.24,
10,27 ond 14,71

5- %, 7"'8’
and 14,71

Be By TelB,
and 14,71

s 5.08, 7.35,
9 and 14,96

1] 5. 06, 70369
and 14,71

5.06, 7.36,
and 14,71

5 08y Te13,
and 14,71

5. 06y T+ 135
and 14.71

4-79’ BI%,
and 14,71

40 60’ 4!9‘?, 7? 07'4
9.81 ond 14.23

h T9: 5.06,; T.07,
OA and 1@ 71

5.06, 7. 18, 10,13
ang 34,71
5'12’ 7-30y
cnd 145.77

&-84" 5- 03’ ?- O?,
10.04 nnd 14.24

LB, 5.0, 7,18,
10, O4 ond 14.71

10. 04

10, 04,
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T-tle 11 : Importent -d-spacings (A°) of “otassium setursted
eand heated clay samples from different Zones of Kashmir.

Toca+lon/DeDth cm) K-saturdted Heated

- e T s a—m - rE o a g D e I ey}

ngh altltude soils

“shalgam(0=15) 3,40, 3.60, 5.06, 7.37, 3.38, 5.06, 7.36, 10.39
10,39 and 14,24 and 14.24

srrioo(0=18) 3,45, 3.70, 5.21, 7.36, 3.42, 3.55, 5.15, 7.36
10,64 =nd 15.35 and 10,39

Sonamareg 0=20) 3.37, 3.60, 5.06, 7.180, 3.36, 2%.55, 5.03, 7.24,
10, 39 and 1& 717 10,39 and 14.71

Gulmarg . 0=20) 3.29, 3.49, 4,92, 6.9, 3.36, 3.55, 4.74, 5.0E,

* 10,04 and 14, 01 7.18, 10,04 and 14,71
Gulmerg{90-150) 337 508, 7.18; 10,27, 3.%7; 5.06, 7.36, 10,39
_ end 14,24 and 14 71

Chandigem.0-17) 3.39, 5.09, 7.36,10,39 3.%56, 5.53, 5.06, 7.24

end 14.47 and 10,27
Valley basin

“rudwani { 0=20) 3.41, 3.63, 4.79, 5.04, 3.38, 3.58, 4.74, 5,06,
7. 36, 10 39 and 1h 71 7.36, 10,30 and 14.71

e v 0=20 3. 36, 3. 5:.06,; T.30, 3.36, 3.55, 5,08, T+30;
10.39 an d 1& 71 10,27 snd 4.7

Nuner(75-150) 3.37, 5.09, 7.24,13.39 3.36, 5.06, 7.24 and 10,27
snd 14.0

she limar{0-15) % %8, 3.50, 4.97, 7.87,. 5,36, 3.5%, 5,06, ¥.13
10,04 srd 14, O 10,27 =snd 14,47

Madgampora(0-17 ) 3.36, 3.95; 4.%1; 5,08, 35.37; %3.59, 4.79, 5. 06;
7.13, 10.27 st W47 7,247, 10,27 and k. 71

Handiware (0=17) .39, 5.06,7.18,16,79 3.3, 5. 06, 7.35, 30,38
and 14.71 and 14.71

Karewa soils

Tapa r {0-15" 3.36, 3.54, 5,06, 7.24, 3.36, 3%.535, 5.06, 7.24
10.39 end 14.71 end 10, 15
r‘) pc ’,O— £ > 7 L= = i
« 2% PRI ?ésgé 15 1500 #0 3.38, 5.06, 7.24 and
t 10, 27
Pampora 3.3%, 5.36, 7.07, 10.04 3.36, 5,06, 7.24 snd
end 13.79 10, 04
Jampora (85 150) 3. 57, T.24, 10,27 and B35, 355, 5085 Ts13s
ah 47 10, C4 2nd 14,71
Loil %.36, 5 06, 7.18, 10.2% 3.36, 5. 06, 7.24, 10,27

and 14,24 and 14,47
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The inte . sity of 14:° reflection reduced due to hesting
vith relstive incre~se in 104° reflection: this moy suggest
the D?eﬁence of mieco-vermiculite as mixed layer in Lornoo
nnd Chondirem s mples, The ¥ s~turrted and hernted somples
chowed rn very smrll reflection ot 12, 0A° irdicoting the
presetice nf mired l-ver minercl, However the ntsence of
higher order of th s reflection sugegested r-ndom
interstrrtific-tion of 10 cnd 14A° components. The f-ct
th~t 12.64° ruflection is noticcablcin the he-%ed s mples

= (9] 3 . . 2
sugc~sted th~t the 144" component is chlorotie in no ture,

The cl~y s mnles from volley brsin zone grve strong
reflections 2t 10,04 to 10,39 in Mg-sctursted s-mples cnd on
Plycel-tion, There w s no exp-nsion of the perks due to
he~ting but the reflectionz becune rel-tively intense, The
hie=er orde gpenks observed ore 5,03 to 5. 46AC ~nd 3. 37 to
3,384°, Thus the presence of illite is inferred cs the
domincnt minernl in the soil cl-ys from tiiis Zone. The
Me-s~tur~ted s -mples fromthis zone except th t of Fodgrupors
~nd Nunar (75-150 cm) s moles exhibited 104° peck ~s
rsymmetric-l with ¢ tril extending towrrds low 2 0 ongles
pointing towrrds the degroded n- ture of illite, The 1ha°
reflection in VMg-s~tu oted s mples occured -1 14.47 to
15.22AD ‘nd pereisted ~fter hr-ting except in Nun~r (75<150 ci.,
The intengities of hirher order pe- ks ot 7.13 to 7.30.

“nd 3,736 to 3.39A° found in thrse s m-les decre: sed due to

thermr 1 tre~tment thus indic: ting the presence of chleorite
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in these s'mples. The 14A° pe~k discpperred in luncr

s msle (75-150 cmn) due to henting suggesting the presence

of versiculite in tnis s mple, The reflections observed
veveen 7,13 ~nd 7.30 A% ~nd 3,57 ond 5.6590 with o decrezse
in intensity on therm-l tre~tment indicrted the prerence of
¥rolinite in ;11 the s-mples -f this zone, The prerence ol

k@olinite w~= confirmed by HC1l tre:tment,

The nrecence of smectite n:d nn-clny motericl could
n~t be inferred dues to nbsence nf relevcnt pecks. The presence
of mica-vermiculite nnd illite-chlorite ~s interstrotified

miner-l w3 ~lso observed in the =o0il clays from this zone,

The s0il clrys from Yrnrewo 7one give strong
reflections »t 10.04 to 10. 3930 in Mg- stturcted srmples Tnd
on glycol-tion the reflections were o served o% 10, 04A°,

Due to therm~l tre~tment the reilections become inteise., The
higher order penks observed in Mg s tur-ted srmples were

5 06A° ~nd 3.3 - 3.38AO, thus the presence of illite as

the dominent cley in  &@ll the s mples of this zone is
inferred. The nsymmetric~l n=ture of 10A° pe=k whnich
brorder.ec tovrrds low 2 O ~nrles irdicoted the degrnded
n-ture of illite. The 14A° peck persistead on K-stturcotirn
nd h-rting irn prmpore (85-150 cm) nd knil stmples pointing
towards the precence of chlorite, The cortent of chlorite in
other s mples mcy be relstively less becruse of prezence of
higher order perks, In Trp=r, # D,Ferm =nd Prmpore scuples,

the 14, 0a° pe~k discpoesred due to hertirg which suggested
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the presence of vermiculite, <The presence of kaolinite i3
nlso inferred in tre soil cloys of tiiis ~one bec~use of
7. 04° peak vhich disanpesred or deceased in intersity on
henting, Its pre:ence wrs confirmed by Tl trestment, The

inter~ strotified minersls, such ag illite, veimiculite &nd

11 ite, chlorite we e rlso present in the Krrewa soil clois.

Fi

b3 otragium chemistry

Fv~eriment~l findings pertzining to the potrssium
chemistry of the soils under investigntion sre presented

under the iollowing herds:

1. Forms oand distribution of potossium
2. Green House studies
8 Qurntity/Intensity relr tionship.

4o3.1 Forms »nd distribution of potossium in the Soil

he results in respect of various forms of potaszium
are presénted in T=ble 12, +# perussl ogf the érta

indic~tes thet K-fixing capacity nf the high ~ltitude soil
vrried from 260 to 280 ppm vith en cvers.e value of 2t7 ppm.
the highest X fixing c n»acity (280 pim) w s shown by the
rrhelpgem soil, The soils from the v-lley bessin hzd
comparctively lower X-fixing capreity (254 ppm) than in

4

t“e soil from high 2ltitude zone, It varied from 240 to

M

2E% pom. where~s in the lacustrine de-osited zone of
Korews the K-fixing copocity w g lowest ond varied from
230 to 255 ppm snd the nverazge vnlue worked as 245 ppm,

'he lowest K-~fixing capacity of 230 ppm was exhibited by the

toil srmple in the Xzrewa zone,
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Trble 12: Forms of Potassium in soils of different zones of Koshmir,

. T e e T e e T T R S TS A tt - —— e

Location Depth K fixing |VWater Ex K Fixed K TotalK
(cm) c prcity  Soluble K
(ppm) (ppm) (ppm) (ppm) (%)
- (SR - I RSP . 5 — T
High Altitude soils
P~holgnm 0=15 280 22 120 828 2,00
15=35 19 104 7h5 2 0
35~50 13 108 982 2.686
50-125 18 1C6 995 2,20
125-150 21 97 863 2: 15
Weighted nveroge 19 111 921 24 21
Larnoo N=18 260 24 110 929 2. 30
18=7" 21 105 992 2.25
70=120 18 108 905 2.18
120=150 26 102 865 2.43
Weighted over-ge 21 106 93C 2.26
Son~mhrg C=20 270 21 110 875 2, 02
20-60 20 85 762 2. Ok
60=90 18 80 920 2ied
9n-128 19 105 975 2. 40
128-150C 15 90 860 2.65
Weighted aover-ge 18 93 871 2.25
Culmn rg 0=-20 265 18 120 895 1.46
20=-50 15 1%C 742 1.61
50=90 22 116 938 T 2
QTeq 507 18 96 Qub b L0
Weighted overrge 18 107 896 1., 63
Ch-ndigam (=17 260 18 115 5 1.92
17=-60 16 85 gzo 2,906
60-9" 15 G Jol% 845 2, 02
S0=150 20 95 872 240D
Weighted cvernge 17 Q5 877 2. 15
Volley basin soils
Thudwani Q=20 265 20 95 780 152
20=40 18 88 672 1. 65
LD=70 18 80 526 1. 80
7C=120 15 6C 610 2.16
120=150 20 78 505 2.25
Veighted averrge 17 91 603 1.95

contd. ...
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Munor C=2(
. 20=4.0
LO=T75
75-150
Weighted overoge

Shr lim~r C=15
15-45
455D
9°-150

Peighted cvernge

. Prdgompora  0=17
17-85
85=110

Welghted avernge

Hrndwara 0=17
17~35
3585
85=-15C
& Weighted nverrge

Topsr 0=15
1535
35-60
. 60-00
! 90-150
Weighted rvernge

K.D.Form C=16
1631
534=47
L7-97
97=-150

Welghted avernge
Prmpore C=20C
2060
X 60=85
" 85-~15C
Weighted ~vuernge

»Xoll O=2C
20=50
50=85
85=-15C

Velghted rvernge

et = - p—

24,0

255

260

250

24C

255

235¢

-81~

4

15
12
10
11
11
22
19
18
15
17

20
15
15
1%

18
15
12
12

13

Korewn soils

20
18
18
12
12
15

19
17
2C
18
15
17
19
15
12
310
13

15
12
10
10
11

o memm e ae o ¢ kiwm  aTo#

B . A w

B e T =a

80
75
70

o~

-

84

102
105

82
92

90
85
95
88

85
70
65
90
78

626
765
850
942
855

84C
725
695
705
719

840
755
805
779

610
580
55C
620
590

750
690
545

605

625
629

825
7UO
655
605
655
665
7L
785
695
760
753

665

615
653

1.95
2.06
1. 85
2. 01
1,97

1.52
1. 85
1,60
2,20
1.88

2.15
2,08
1.95
2,6

1.60
1,68
1.95
1.85
1.83

2. 02
2,10
2,10
1.95
2,20
2,10

1.95
2. 10
1.85
1.95
1695
1.95
1.85
2, 05
2,05
1.95
1.93

1.73C
1,65
1.85
1.95
1. 53




~B7

The contents of wrter soluble R in the high.fltitude
=one voried from 15 to 26 ppm and the weighted cverage
v-lues renged between 17.-2 ond 21.36 ppm. The distribution
of water soluble K in this 7one did not show any specific
trend dorn the profile, The contents of w: ter soluble K
in the vrlley bersin soils rrnged from 10 to 22 ppm ond in
the Xrrews roils from 10 to 20 ppm, The corresronding
veighted cverapge values ranged from 11,43 to 17.66 ppm and
11.06 tn 17 16 pm in these soils. The contents of water
soluble K were lowest in the Kerewa belt then in the other
two 7ones., The data revesled th t water solubk I constituted

the lowest froction,

The erxchanreable potassium (NHQJACK) varied rrom
80 to 120, 60 to 105 and 62 to 105 ppm in the high 2ltitude,
velley bosin ~nd Ka:ewz soils respectively, The surface
samoles from Poh-lesm snd Gulmarg had the higher content
(120 ppm) of eschangeable K, The weighted average vslues
ranged from 93,13 to 111.43, 78 70 to 92.50 and 71.16 to
84,74 ppm in the high altitude, vslley besin and Karewe
solls ressectively, The Koarewa soils had relatively lower
content of e:rchangeeble K then in the other zones. However,
the sw fece s#mples of the K D,¥arm exhibited a fairly hign
smount (105 pom) of erchrngecble X,

The fived votassium (INH 03 soluble K) varied
from 742 to 992, 505 to 942 and 545 to B25 pom in high

2ltitude zone, valley basin and Karews soils respectively.



The higher contenti of 995 prm was encountered in the
Fohorizon (50-129 cm) of Jahelgem profile snd the lowest
content (545 ppm) in the Xhudveni profile (120-150 cm).
The weisghted aver pe values ranced from 871.66 to 930. 04,
590,73 to 854,80 and 628,83 to 753,16 ppm ¥ in  hicgh
altitude soil, valley besin and Karewa soils, respectiively.
The vrlley besin 2nd Karewa soil had relatively Lesser
content of non-evchangeable X 2s comprred to those of high
sltitude 7ones, The distribution of non-eychs ngeable K
in the various soil down the profile did not specify eny trend.
The totel ¥-contet in the hich altitude 7one ranged from
1.46 to 2,68 per cent #nd the weighted sversge values varied
from 1,63 to 2,26 per cent, Generally the lover horizons had
e higher content of totel K but the trend was not uniform,
In the velly bssin soils the totsl K content renged from
1.52 to 2.25 per cent and tne weiznted averzge from 1.83 to
?.06 per cent, The lowest coatent {(1.83 per cent) was found
in Hendwsra soil profile, The Kerewa soils contained 1.65
to 2.70 per cent and the wveighted average velues ranged from
1.83 to 2.10 per cent, These soils haed relstively & lesser
content of totel K then in the soils from high altitude zone.
the lovest content (1.65 per cent) was observed in the Koil

nrofile {(20-50 cm),

Relationship between forms of K end soll fractions

The date pertaining to the fractiopation of ¥ in

verious soil fractions (cley, silt and fine sand ) of



surface and selected sub-surface samnles are presented in
Teble 13, It is evident from the Table that total K in the
fine sond from high altitude zore varied from 1.45 o 2,20
per cent; in silt from 1,90 to 2,80 per cent and in clay
from 2,85 to 4.40 per cent, The HC1l soluble K was in the
renge of 0,35 to 0.68 , 1.14 to 1.48 and 1.40 to 1.80 per

cent in fine sand, <ilt and clay fractions respectively,

The fived K (INHNO, Soluble ¥K) veried from 0,15 to

2
0,25, 0.22 to 0,42 #nd 0,45 to 0.8 per cent in fine sand,
silt snd cley resnectively, 1In the valley begin soils the
totrl X varied from 1,25 to 1.65, 1.80 to 2.35 and 2.70 to
3.75 in fine send, silt and clsy respectively, The contents
of HCl soluble K renged from C, 8 to 0.50, 1.10 to 1.40 and
1.48 to 1,85 per cent in fine send , silt and clay respectively.
The sand, silt and clay fractions from this rone had fixed kK
(I;-‘-HI\TOBK) renging from 0,10 to 0,20 , 0.20 to 0.45 and

0.6C to 0.7% per cent respectively,

The tot»l K in the =oil ssmples from Kerewa zone
varied from 1.25 to 1.67, 1.80 to 2.45 and Z.25 to 3.15 per
cent in firne sand, silt and c¢ lay respectively. The HC1
solukble K in the sand veried from 0.35 to C,6%5 per cent,
Feparding the contents of fiyed » it veried from 0,15 to
0,28, 0,51 to 0.65 #nd 0.75 to 1.05 per cent in fine sand,
silt and clay respectively. The contribution from finer
particles wes relstively more th=an the ssnd towards the

various forms of K in all the soils, Un an svercce clay
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Table 13: Potassium content 2nd contribution of soil frsctions
to different forms of K in the various zones of Kashmir,

(per cent)
Location/ Fraction  Total Contri- HC1 Contri- Fixed K Contri-
depth(cm) K bution Sol.K bution (1NHNOz )bution
1 2 3 4 5 6 7 8

High Altitude soils
Pahr l%Pm Fine sand 1. 60 7,56 0,68 8,46 0,20 7.51

(0=15 Si1t 2.80 41,48 1,16 45,27 0.26 30,64
Clay L. 40 50,94 1.52 46,31 0.67 61,69

%82?33 Fine sand 1,60  6.42 0,54 4,86  0.22 4,72
Silt 2,80 59,48 1.54 45,03 0.39 29,17

Clay 3.20 66,17 .56 50,10 0.8 66,07

(050"  Tine sond 145 8,77 045 6,28 0,25 11.12
Silt 2 30 33,37 1.20 40,24 0.32 34, 14

Clay 3.50 H7.85 1.20 53.46 0.45% 54,72

Ggigogg Fine sand .80 11,12 0,35 4,38 0. 15 7.30
ad Silt 2.45 43,04 1,48 52,72 0.22 30,51
Clay 3.90 45,83 1.80 42,89 0.67 62,18

(G007%8)  Fine sand 2,20 12,01 0.42  5.00 Q.21 8,44
’ Silt 2.65 Lk 02 1.20 47,12 0.30 37.04
Clay 3.35 43,50 1.52 46,31 0.58 54,49

TooNEMM  pine sond 1,75 17,16 0,38 7.05  0.15  6.32
» Silt .90 37.5 1.1 42,52 0,42 35,63
Clay 2.85 45,30 1,68 50,43 0.8 58,04

Volley brsin soils

Crudwoni Fine s~nd a0 12, 86 0. 50 9.94 0. 18 10,40

{0=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

[8e50) Fine sond 1,25 10,70 0,42 8,01 0.16  8-93
r- Silt 2,21 37.0% 1.20 44,49 0,25 27.1h4
Clay 360 52,20 .48 47,49 0.68 63,91

contd. .4
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contributed from 34,74 to 65,17 per cent. silt 32.92 to
59.48& per cent and fine send €.42 to 13,23 per cent toweards
totsl K in these soils, The coniritution from cley, silt
#nd fine s#nd to HC1l solubie ¥ varied f:om 38.25 to 53.4C,
32,0 to 50,29 rnd 4,3 to 9.94 per cent respectively end in
case of IN'%NO3 soluble K the contribution veried from 41,8%
to 66,07, 27.14 to 49,65 end 4,72 to 10,42 per cent- clay,

silt snd fine s2&nd respectively,
4.3.2  Green House studies

The experimental findings obtasined from & green
house studies on the scils from the different zones of
Zrghmir with whest 2s 8 test creop opplying three levels

of K viz, X, Kyp &nd KAOO ppm , are presented in Table 14,

a. Dry mstter accumulation:- The dzta obtained from

the yield of dry matter with the different levels of X &t
helf flovering stage (60 days) was found to incresse with

the ap-lication of 200 pm K, Higher dose of 400 ppm K did
not show any increese in dry mstter over the treatment of
200 ppm ¥, though there ves 8 congnicuous increase in the dry
ma tter production over control, The trend wes observed in
all soils evcept in Teapar and Koil (Karews zone) where
increasing the level of K from O to 400 ppm increzced tne dry
ms tter production, The nighest dry metter yield of 2,21
wes obt2ined in Pehsl:am soil with 2pplicetion of 200 .ppm K.
The meen dry matter yield varied from 1,68 to 1.83 in high
Altitude rone, 0.94 to 1,77 in vezlley basin and 1.02 to

1.81 #m in the Karevs soils,



-apnlicatiols ond dry m~tter,
from different zone

Tebley e Eifcet of K

whurt grown on soils
Location

Levels of K(ppm)

0 200 400 Meon
Pohalgom 1,379 2.21 1.8 1.79
Larnoo .75 1.95 1.80 1.83
Sonamarg 1,54 1.90 1.65 1,70
Gulmarg 1.43 2.14 1.91 1.83
Chondigam 1,55 1.79 1.69 1,68
Khudweni 0,95 2.11 1.77 1.61
Nunar .10 1.94 1,59 1.54
Shalimar 1,14 2,10 2.07 1.77
Padgompora0,70 1,10 1.02 2,94
Hondwara 1,21 2.C87 1.80 1.69
Tapar .29 1.51 1.66 1.49
K,D,Farm 1,46 2,09 1.90 1.81
Fampore 1,07 1.47 1.00 1,18
Koil 0.88 1.05 1.1% 9.082
Mean .25 1.8 1.63 1.56

CD 5%

Soil 0,263

K l\.’VL‘lS D\l 121

Soils x K levels N S,

- m—

B

Dry M-tt.r yi.ld(g/3 plant) h—Conccntrﬂtlon(m

K=concentrrtion nd upt-ke of I
5 of Kﬂsnmlr.

B e b — i e

LLVLl* of K EE l

o ——

hl{h A1t1+ude 50113

i e e a0

78
I

0 200 400 Meon
1.7 3,09 4. 2T 2.8
1.21 361 4,75 3.19
1.40 2; 61 3. 51 2.50
1. 2% 3.16 981 2.75
1. 00 2:¥FS B ONG 9,39
Valley bosin soils
246 2,82 .64 2.30
C.72 2.87% %517 2.293
1. 01 2.55 34T 2,34
0.79 1.89 2.6 1.81
J.52 2,57 2.62 1,90
Korewn soils
0,36 2.3 2,97 1.89
042 1,87 Z.85 A1.T72
.46 1,49 2.26 1,40
Ce23 M.52 2. 30 1.28
J. T8 2,50 5.20 2.6
D 5%
Soil 0, 278
A-lcvels 0,179

Soils x K. larels 0.482

on
(Averace of 3 replic:tior

K-uptake (mgm K)

LLvels of K (ppm),

P ——— i —— — o . o ——

Q 200 4.Q0 Menn
15.81 66,01 79:.58 353.8C
20,5C 70,61 86,80 59,3C
29,72 52,40 59,22 L44.4%
17.89 68,10 72,58 52,85
15.55 49.47 53.20 39,40
4 40O 59,22 64,61 L2,74

ie 9'?’ 5&'- 99 Cjoo {{"5 370 78
11.54 53.51 T1.88 45,64

5.58 21,24 21.88 16,2%
6,36 53%.20 fu.9h 5. 50
4,45 35,89 49,56 29,96

6.14 39.27 °54.87 33,43
4,82 21.65 22,57 16.35

2.05 416,46 24,00 194,17
10,33 47.29 54.15 37.26

CD 5%
Soils 9. 08
K-level 4,20

Soils » K levels 15,73
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Potassium concentration:~ The soils under study
differed remerkebly vit: respect to K-concentration in
the plants. The concentretion >f K in the plants increased
with the incrersse in . doses, The K-concentrati-n was
lovest in control but ;ith the addition of 200 ppm X the
concentration increased from 1.21 to 3.03 per cent in
high altitude zone, and from 0.75 to 2.53 per cent in velley
basin and 0,36 to 1.81 per cent in Karewa soils. With the
eddition of higher £ dose i.e. 400 ppm K, the K
concentretion incrersed to 3.9, 3.0 &nd 2.5 per cent in
high altitude, vellev besin and Kazrewa soils respectively.
The overs1ll mesn velue of K concentration in control was
0.78, with K200ppm it was 2,50 snd with 400 ppm K the

concentr=tion increzsed to 3.20 per cent.

Potzssium uptake:- The effect of applied K on the
uptake of whest crop svnchronired with the contents of K in
the plents in =211 the soils, The uptake of ¥ increesed
with an- increzse in K-levels. The mean velues for ugtake
exhibited by high altitude scils renged from 39.40 to
59.30 in velley besin from 16,23 to 45,64 and in the
Kerewa zones from 14.17 to %3.43% mgm K, The mean velue of
usteke at contrel (K 0) wes 10.33 mgm ¥, with 200 ppm K it
increased to 47.29 mgm K and with 400 ppm K the uptake further
increased to 54,15 mgm K., In genersl potassium applicetion
resulted In & significant increese in K-suptzke in plants.
The K 200 ppm dose was superior over control in view of
remsrksb e increcse in K-uptske (4 to 8 times) whereas

K4OQO did not increrse the K-uptake in the some magnitude,
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Table 15: Contents of exchzngenble and fixed K (ppm) in soils
of different zones of Koshmir =fter wheot crop.
Location Trentment Exchongeoble K Fixed K
EJ._ - ppm K : - T o
1 23 b D 6
High Altitude soils
Pohrlgam 0 ah (120)* 765 (828)
200 120 890
400 140 975
Larnoo 0 75 (110} 828 (929)
= 200 130 9% 0
400 155 985
Sonoms rg 0 82 (110) 728 (835)
200 140 910
400 190 980
Gulmnrg 0 72 (120) 685 (895)
. 200 109 730
ks 400 14.0 810
Chendigam 0 80 (115) 750 (845) -
200 05 840
400 140 915
. Volley besin soils
-
Khudwoni 0 70 (95) 650 (780)
200 85 825
4,00 110 915
Nuna r 0 60 (80) 510 (626)
200 85 625
400 105 735 .
Shr.limnr 0 80 {(102) 695 (840)
200 120 825
> 4,00 145 970

contd....
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1 2 % 4 5 6
Padgampora ¢ 65 (90) 63C (843)
200 125 785
400 150 825
Hondwara 0 50 (85) 505 (610)
200 65 i
L00 10C 695

Krrewa solls

T par o) 60 (85) 675 {758)
200 105 810
Loo 135 905

K.D, Farm ® 80 (105) 780 (825)
200 135 845
4Loo 150 910

Prmpore 0 70 (95) 65C (74C)
2OC 115 725
4Q0 130 925

Koil 0 55 (80) 575 (665)
20 8C 705
[8ale 110 840

*

Figures in braockets indicate initial contentss,
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b.3.3 Potessium content in the soil after the crop rempval

The soil semples, after the harvest of the wheat
crops, were collected, processed and asnalysed for exchangeable
K (KHQO AcK) and fixed X (IHHNOaK) so 2s to study the effect
of crop removal on the native and applied K, The results
are presented in Table 15, While perusing the datz, it is
reve=led that there was a merked change in exchangeable and
fived K due to crop removal, both showed a decrease indicating
that plants not only consumed exchangeable K but also met
part of its requirements from non-exchangeable K reserves,

The exchengeable K in the high zltitude zone before cropping
ranced from 110 to 120 ppm 2nd after cropping it reduced

to 72 to 84 ppm, The initial non-exchangeable K in the soil
varied from 828 to 929 ppm and after cropping it ranged from
685 to 825 ppm showing thereby a decline by 83 to 86 per cent,
Similar trend wes denicted in the velley basin and Karewa solls,
The plants derived K from both exchangeable and nons
evchengeeble reserves, With the sddition of 200 ppm K

and 400 ppm K the soils gave correspondingly higher values

of both erchengeable and non-eychengeableK illustrating that
ap~lied K was partly consumed by the plant and partly entered
into the ecilibrium which the wverious forms of K are known

to hrve amongst esch other,
4.3.4  Imuediz te quantity/intensity relationships

The cuantity /intensity (Q/1I) parsmeters were computed
from the soil before growing the crop end after the creor wes

hervested, The results of Q/I psremeters i,e, ectivity
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retio; free energy, latile K snd potential tufliering
cepacity sre presented in Te ble 16. The Quantity/Intensity

reletions of representative soils is given in Fig.3.

e.  Activity Ratio (AR K (Moles/L)¥ := The odoption

of fctivity rotio as & measure of K-status of a soil which
Beckett(1964a) ca2lled the K-potentisl is considéred as an
indirect measure of the chemical potential of X on the solid
phese, It is 2lso called Intensity factor, rrom a perusel
of the dota, the initirl values of 5 Pak (sctivity retio) in
211 the equilibrsted soll s= mplés of the three zones were
high but the velues of A Rok after crop rcmovel were
cbmp?ratively Low,

K in nigh altitude soil was

Value of initial ARO
&.78(M/L)% 1072 and the vg lue decreasel to 1,9k (N/L)% 10-3
after the crop wos hervested. In the valley basin soils, the
initisl AROR wes 4,62 (M/L)F 1072 znd after hervest it
reduced to 1.66 (M/L}% 10'3 ., The initial activity ratio
in Kerewa soil was 4.2 (N/L)% 1072 and after crop harvest it
declined to 1.67(M/L)% 1072 ., The highest value of
0.0068(M/L)% was observed in Pahalcem scil before  the crop
was sown &nd the lowest value of AROK was in Sonamerg sample
(0.0019) (M/L)%, The lowest yglue of Aaok found after crop
harvest was 0.0011(M/L)% in Sonamsrg and Padgampora soils,
The decreese in activity raito observed in the semples taken
after the crop harvest demonstrated that K was taken by the

plants,
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Table 16: Some porometers derived from Quontity/Intensity relationship
' before ~nd nfter cropping in control pots in soils from
different rones of Krshmir.
Activity Free Energy F Labile K EC? o r))(1‘-‘I/L)"‘
Location Crosstage Rotio 2.303RTlog ok - - KO  \me/100g
ARE(M/L)% ] _nca-mg me/100g

Cal.eqﬁlv

i e, . - - i - -

—— e as—— — s R -~ _—

High Altitude soils

Fah~lgam Before 0. 0068 =2955 .73 0, 136 20,00
After 0, 0020 -3680, 51 0. 092 46, 00

Larnoo Before 0. 0044 -3213,46 0,118 26, 81
After 0, 0018 -3742,83 0, 078 L3,37

Soncma rg Before 0, 0019 =-3710879 0,116 61.05
After 0, 0011 =4034,52 0. 056 50. 90

Culme rg Before 0, 0057 -3060, 18 0. 111 19.47
After 0. 0016 -3812,65 0.060 %7« 50

Chrndigam Before 0, 0051 -3126, 05 G, 158 28,13
After 0. 0032 -3402, 19 0.118 49,37

After 0, 0019 -3734,55 0. 080 45,42

Valley basin soils

Lhudwani Before 0. 0053 -3103, 28 0, 104 19,62
After 0, 0030 -3440, 37 0, 096 32,00

Nunor Before 0., 0040 ~3269, 92 0,120 30. 00
After 0, 0012 -3082,97 0. 060 50, 00

Sholimor Before 0. 0041 -3255, 32 0,110 26, 82
After 0, 0015 -3850, 83 0, 060 5%.33

“ndgampora  Before 0, 0052 ~3126, 05 0. 170 32.69
After 0. 0011 L4034 ,52 0, 105 41,81

Hondwars Before 0. 0045 -3200, 23 0,120 26,66
After 0., 0015 -3850, 83 0., 062 41,33

After 0, 0016 ~3871,90 0. 0806 43,69

Karewa soils

Topar Before 0. 0054 =-3092, 23 0, 126 2%. 5%
. After 0, 0016 -3812, 65 0, 062 38, 75
K.D.Farm Before 0, OO42 ~3241, 14 0. 052 12, 58
After 0. 0016 -3812.65 0, 048 . 30, 00

Pompore Before 0, 0036 -3332,37 0.123 26,11
After 0, 0012 -3982, 97 0, 092 40, 00

Koil Before 0. 0037 -3316, 14 0, 145 28.10
After 0, 0023 =3597. 74 0 130 38, 26

Meon Before 0, 0042 ~3245, 47 B, 719 22.48

After 0, 0016 ~%801.50 0, 083 36,75
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D, The free energy value (A G):+ The free energy
value (AG) is one of the better generalired criterion for
soil K« avilability than exehangeable X, It is evident
from the detz thot meen initial free energy ( =4 F) value
vas - 3213,24 calfeq. in high altitude soils, After crop

e rvest it chenged to - 3734.55 cel/eq. Thus the decrease

in average free energy due to cropping was 521,31 cal/equiv,
The valley basin soil showed the mean initial free energy
velue as - 3190 cal/eq. vhich after cropping chenged to
3371.90 cal/ec. showing a decreanse of 680,94 cal/eq. The
Karewa soils hed initisl free energy value of ~3245,47 cal/ec.
vhich changed to - 3801.50 after crop removal from these

soils and the reductinn in free energy due to crop removal
was 596,03 ca2l/ea.

e Eal:"_i_l”e‘_i_(“&(}?fl:- The labile ¥ (A k° ) is index of
availebility or of uptake and the average latile X content
vas 0,127 me/100 g in high 21titude zone snd changed to

0, 080 me/100z after crop harvest, The average decrease in
lsbile K vith cropning was 0,047 me/100zm, Before cropping
the 1abile K averaged to 0, 1248 me/100g in the vrlley basin
soil and 0, 1115 me/100g in Karews soils. The laobile K
changed to O, 0806 and 0, 0830 me/100g after the crop removol in
valley besin and Karewa soils respectively., The decreese in
labile K with croppirng signifies its utilization by the plant,
The values for exch-ngeable K were higher than labile K in
#ll the soils, In generel soil with high labile K ghow

higher value of Aﬂok.
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By Potentinl buffering caprcity (PECT):- The potential
buffering caprcity which indicates the capescity of the goil
to replinish su~ply of K to soil solution is suitable meczsure
of Kezvzilalility. The averoge PBCK velue before cropping vits
30,09, 27.15 and 22,48 me/100g (M/L)% in hipgh altitude soils,
valley besin and Kerewa soils respectively, On cropping the
FEEK values incressed to 45,42, 43,69 and 36,75 me/100g
(H/L)% in high 2ltitude soils, va2lley basin snd Karewa soils

k]
respectively, The higher value of 61,05 me/100g (M/L )=
was observed in the Sconamarg soil and the soils from X,D,['arm

i
hed the lowest (12.38 me/100z) (M/L)? , The difference

x and FTER after crop removal wes very

between initiall PRc
nerrov snd Trenged between 14 snd 16 me/100g (M/L)? . The
soils in the present investigetion h:ve medium PBE®  low

AR K

5 8 A F and A K, and will thus require K fertilization

for sustained crop production,



CHAPT.R V

D1SCUSSION

Studies relating to the pedogenesis and potas.ium
supplying capacity were undertaken on the bench mark soils of
Kashmir in the Jammu and Kashmir Stste. The study w:s confined
to i) high sltitude zone, located above 1BOC m, colluvisl in
ngture 1i, valley basin of aliuvial origin and iii, the table
lands of lacustrine deposits. Fourteen pedons representing the
entire study area were exposed and soil gamples collected
horizon-wise after stydying their morphologicad characteristics.
Bulk surfsce soil samples were slsc collected for green house

studies., The results obtained are discuscsed under the following

heads:

a. Pedological characteristics
b. VMineralcgical studies

C. Potassium supplying capacity
2¢ redological cgharacteristics:

5.1.17 Morphological features:

A detailed description on the morphological c..aracteristinsc
of fourteen pedons exposed in the study area are given in
Appendix 1, The soils in the three zones differed morphologicalis
in respect of g number of characteristics. The surface solts
from high altitude zone were very dark greyish brown  10YR 3/2)
to dark yellowish briwn \10YR 4/4) and from yeliowish: brown
{(1C0YR 5/4} to dark yellowish brown (1UYR &4/4) in valliey besin
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surface soils. The kKarewa soils were relatively light coloured

and t..e coluur varied from brown (7.5YR 5/4) to derk brown

(10YR 4/3).

The predominantly darker matrix colour in the high
altitude soils appecr to have resulted from high orgenic matte:
(2.4 to 4.9 per cent) of these soils as compared with the soils
in other zones. Anguler blocky structure in B-horizon was
generally found in these soils. The soils vere deap with well-
developed B-horizon as was evident by illuviation and prescnc:
of argillans in the lower hor.zons. The high altitude and
karcwa soils were well drained but thosc in the valley weroe
generally pocrly drained which resulted in the formation oI ligit

grey {7.5YR 7/1) mottles.

5.1.2 [hysico-chemical properties:

Mechanical composition influences tne nutrieat suopplying
power, drainage and aeration of the scil, The determination (I
the amount of c¢lay gives useful informetion about the development
of the so0il profile. The data on the mechanical composition
of the soils are presented in Table 4. The distribution of
various so0il separatecs revealed that fine sond and silt were
relatively more in valley basin soils whereas the content of
clay was more in high altitude soils., The karewa soils showed
a slight variation in respect of various frazctions in comparison
to the soils from other zcnes. The weighted aver:cge values for
coarse sand ranged from 0.38 to 2.25 per cent and fine sand
from 11.89 to 21.01 per cent. The weighted average veolues for
silt ranged from 38.87 to 48,25 per cent and in case of clay it

showed a vecrigtion of 32.28 to 44.27 per cent in high sltitude



=96~

soils. The weighted average values for coarse sand frection
in the valley basin soil varied from 0,38 to 1.08 per cent
end fine sand content varied from 17.40 to 22,07 per cent,
The velues for silt and clay varied from 41.32 to 54.21 per
cent and 28.14 to 36.92 per cent respectively., In karewa
soils the weighted average valucs for coarse sand, fine send,
silt and clay froction ranged from 0,13 to 0.97 per cont,
15.56 to 19.19 per cent, 43.32 to 45.74 por cent mnd 33.27 %o
39.25 per cent, respectively, The sub-soils in high altitude
zone hod relotively more finer fractions which moy be
attributed to relatively high raimfall (1000 mm). This
consequently accelerated weath.ring thereby increosing the
infiltrotion, this resulted in the development of B-horizon
with argillens (Bt), The soils in thc vrlley basin werc mor.
silty thrn clayey which may te ottributcg to their fluvictile
noture. The soils of the karewa were also silty in neoture,
The soils in the study area with clay loom to silty clay loom
s the dominant texture ond f£2ll under heavy textured class.
Similar results were alsc reported by (Gupta et ol 1977),
Iyer and Dutta (1982) ond Handoo (1983).

5.1.3 Chemical charccteristics cf the soil

The study of chemical composition of the soil is
importent os it gives informetion rcgeording soil forming
processes. The deta on the chemical ccomposition of the soils

is prusented in Taoble 5,

Soil r¢action: Lhe results for weighted avernges «f pH

values in the high altitude soils v-ried from 6,38 t 7,60, in



~100~

valley b sin soils from 7.40 to 8.37 =nd from 7.64 to 8,18 in
korewa soils., The pH in both thcse zones wes higher then in the
high altitude zone, which may be attributed tc the comparctively
higher precipitction in-the high gltitude zone., The higher ph
wos observed in Padgompora profile and ronged from 8.2 to £.5
which may be attributed to higher weter table. The lowest pHE
vzlues (6.2 to 6.5) were observed in Gulmsrg soil duc to highc:
roinfzll ond orgrnic mctier content, Similer observ:tion wer:s

made by Cupte et al {1977) cnd Hendoo | 1983),

Calecium carbonzate ;CaCGB): From o perusal of the deta it ie

observed that the weighted average velues of C(.:.CO3 rrnged from
1.36 to 2.54 per cent, 0.85 tu 4.86 per cent rnd 2.31 to 8.73 ner
cent in high altitude, valley brsin and karewa soils, respective
The higher CaCO3 content {12.0 per cent) wes observed in kKrrew:.
soils in Feompore profile (85--150 em) ond was attrivuted to the
crlcareous ncoture of the soils, The distribution of C..?.CO3 in
high altitude soils and velley besin soils does not show cny
specitic trend while in the karewa soils it generclly increascc
with the increzse in the profile depth. Calccreous ngture of the

karews soils wes also reported by Varadan (1669) ond Talib (1972).

Organic carbon: The weighted average values of orgrnic carben
voried from 1.37 to 2.89, 1.10 toc 1.54 and 0.47 %o 1.00 per cert
in soils of high altitude, valley basin and karewa zene,
respectively, The surfczce horizons showed higher content of
orgenic corbon snd it decreascd uniformly with the increcse in

depthx of the profile, High altitude soils hod higher contunt

of orgrnic cerbon than the soils in other zones, which may be
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attributed to altitude, forest vegetstion, accumul-tion of wnow--
crop residues end low microbial activity becruse of low
temperature, Minhas and Bora (1982) also related higher orgriic
corbon content to higher precipitation cnd lower temperature,
Similar results were clso obteined by Gupta ot al {(1977) cud

Hendoo 1983).

Total nitregen: The nitrogen content veried morkedly in

different regions of Reshmir because of viriation in precipit-ticn
vegetetion and altitude. The weighted nversge values for totol
nitrogen ronged from 0.09 to 0.718, 0.08 tec .10 and 0.03 to

0.06 per cent in the high altitude, valley basin and korewo soils,
respectively, The nitrogen content was high in surfrce somples
and decreased with an increcse in the depth of th: profiile.
Minhcs ond Bore (1982), Satyanaraoyen and Biswas (1970) reported
that in general the N content increased slongwith pﬁ inecrease in
the orgenic carbon content and presence vf higher orgonic carbon
content in surfrce layers. Similar trend was observed 1n present

investigaticn,

Availeble phosphorus snd potassium: The weighted everage valucs

for cvailable phosphorus veried from 18.5 to 25.7, 16.0 to 2C.4
and 15.3 to 23.4 kg/h 1in the soils of high altitude,vclley

bzsin nnd karewa soils, respectively. Surfoce soils hed higher
content of available P205 which may be attributed tc the prasencc
of adequote amount of orgonic matter and neutral secil recetion,

Gupta et al (1977) and Handoo _1983) report.d the similar results,
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The aveilable potassium (NH,Chc k) varied from 251 to
285, 209 to 249 and 191 to 244 ke/h in the upeils of high
altitude,valley, basin and karewa &one, respectively. The
available potassium status was adequate and mgy be attributed
to tihe presence of illite type of clay mineral in these solis

(Talib, 1973).

Y
ac

Cation exchange capacity (CLC) and exchangesble cations: T
study of the cation exchange is important as it is a gooed
measure ol the available nutrients in the scil. Besides it
influences the physical propertics. Its weighted average
valugs ranged from 22.4% to 28.98, 15.80 to 22,31 and 15.01 to
20.14 me/100g  in the soils of high altitude, valley vtasin

and karewa zone, respectively. The CEC of the high altitude
s0ils was more then in the soils of other zcnes, which mey be
due to higher content of orgcnic mattor cnd clay. Gupta ot al
(1980) ond Handoo (1983) reported simileyr results. Exchange-
able calcium was the domingnt cotion in =11 the soils
studied, The weighted average velues showed o veristion from
12,50 to 15.96, 8.87 to 13.04 and 8.38 to 12.48 me/100g in
high altitude, valley basin and kaorewa soils, rospectively,

It was comparstively higher in high altitude soils. The
karewn soils were relatively morce calecarcous which did not
synchronize with the content of exchangeablc Co prisent in
these soils and meoy be ottributed to the prescence of incrt

form of nodul.s « £ lime kankar,

Exchangeabdle Mg varied from 5,62 t¢ 9,51, 4.95 to

7.58 ond 4.69 t¢ 6,20 me/100g in high altitude, valley beosin
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ond karewa soils, rcspeutively, Presence of adequatc contunt
of uxchengeable Mg signified the prescnce of chleritc and
digraded iliite in thesc soils. The crxchangezble K vioricd
from 0,31 tu 0,81, 0.23 to 0,40 and 0.23 t¢ 0.52 me/100g in
hagh altitude, valley bosin ond karews scils, respectively,
The soils studicd were adcquatc in exchangeable K content,

the high altitude soils having relatively higher content ther
the s0il in other zones, It is attributed to the presunce

of iliitc clay mineral in these soils. Similar resulis were

cbtainced by Telib (1973) and Guptn et al (1977).

5.1.4 Pedogencsis:

The studies on soils of Koshmir (Hown, 193€) rove-led
thot the soils develop.d under decdar and bluc pine showed
podzol charncteristics ond these undor decdor from Batote
ronge (Jammu division) rosembled brown cerths. Raychrudhuri
end Gevinde Rajan (1971) classificd them inte sub-mentanc
soils, Soil survey conducted (Iyer cné Duttae, 1982) in

Puhru cotchment ¢f Keshmir roveeled thot vegetation wes the

n

dominent soil forming frcetor influencing soil furm-ticn in
thuse soils through the pricess of melanizetion. The proscont
study which w-s cinfinced t¢ the oultiveted londs did not
obscrve podz. lie type of suil in the high altitude z.ne, Tho
soils were cbserved tu be under the influence « f clim -t -nc
vegetation cs the dastributi n £ reinf-11/snewfall fovour
lenching ond illuvigticn os wes reflictid in the c¢bscrved
cloy cutans ¢tn ped freces. Distinctly finer toexturc in sub.
surfrece h rizensg further suppcrted thosc obscervaticns., 1n

a frirly well devileped scils as o result £ pudegenie pr.cces
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the c¢lay content increases with depth so as to attain 2
paximum and then decrease until it further remain constant

or completely disappears (Barsnhad, 1964). In the s»ils
under investigation the clay content increased from a minimum
at the surface horizon to a maximum value in the horizon of
maximum accumilation of clay, occuring generally within

90-150 o .

5.1.5 Classification:

The soils in the high altitude zone {Table 17) were
predominently Mollisols and Alfisols with Argiudolls and
Hapludalfs as dominant great groups., The higher content of
organic matter present in these scils has ilmparted a dark
colour, a criterion necessary for Mollisols. Due to the
illuviation of clay, a well developed B-horizon was observed
particularly in high altitude scil. The soils In the valley
regicn are generally classifiedlas Alfisols {(Hapludalfs,
Ochraqualfs) and Inceptisols (Butrochrepts, Dystrochepts).
The soile in this zone were both of cld and rccent alluvium,
Pockets of Udorthents were also cxisting in tho arca
particularly on the lands with poor vegetation (Iyer and
Dutta, 1982). The soils in the karewe zone fell under
Alfisols with Hepludelfs, the main grest group., Hendoo
(1983) also classificd the Keshmir soils into similer

taxonomic units,

5.2 Mineralopical studics:

56247 Potrographic study of sand fraction of soil:

The sand frection contains meinly primary and

accessary minerals derived from parent recks by the process
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Table 17: Classification ot soils from Kashumir
iocation Order Sub~order Great group Sub~group Fenily
Hipgh Altitude _soils
Pahzalgam Alfisols Udalfs Hapludalfs Typic Hapludalfs Typic Hapludalfs clayey mixed thermic.
Larnorc Alfisols Udalfs Hapludalfs Typic Hapludelfs Typic Hapludalis clayey mixed thermic.
Sonanarg Mollisols Udolls Argiudolls Typic Argiudolls Typic Argiudolls claoyey mixed thermic.
Gulmareg Mollisols Udolls Argiudolls Typic Argiudolls Typic Argiudolls clayey mixced thernmic.
Chondigam Mollisols Udolls Argiudolls Typic Argiudolls Typic Argiudolls clayey mixed thernmic,
Valley Basin soils
Khudweani Alfisols Aqualfs Ochraqualfs Typic Cchragualfs Typic Ochraqualfs clayey mixed thermic.
Nunar Alfisols Udalfs Hapludalfs Typic Hapludelfs Typic Hapludalfs clayey mixed thermic.
Shalimar Alfisols Udalfs Hapludalfs Typic Hapludolfs Typic Hapludalfs clayey mixed thermic.
Padgampora Incepti- Aquepts Haplaquepts Typic Haplaguepts Typic Haplaquept fine silty
sols mixed thermic.
Handwarz Incepti~ Ochrepts Dystro= Twvnic Dystrs Typic Dystrachrepts finc silty
s0ls chrepts. ochreptus. mixed thermic,
Karewa soils
Tapar Alfisols Udalfs Hapludalfs Typic Hapludalfs Typic Hapludalfs clayey mixed thernic,
K.D. Farm Alfisols Udalfs Hapludnlfs Typic Hapludalfs Typic Hapludalfs clayey mixed thermic.,
I ampore Alfisols Udalfs Hapludalfs Typic Hapludalfs Typic Haopludalfs clayey mixed thermic,
Koil Alfisols Udalfs Hapludalfs Typic Hapludeolfs Typic Hapludalfs fine silty
mixed thermic.

-
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of weathering., In subsequent stoges of soil divelopment, i
weothercble minvrals of this frecetion undergo physiceol
commirmution znd chemical dccomposition and supply the rurpct-nt
component of the soil meterial for the weecthering reccilon
resulting in the guenesis of sccondery minerals in the soil, 1k
resistont minerels of this froction determine the uniformity

of parent meterial down the profile end tihce sourcc of prrent
meterinl, The efiect of westhering process on the disintegratior
end disappearance of minercls rnd the formation of new

secondnry mincrels is clso influenced by sand mincralogy.

The studies on sond mineralogy rovealed thet the laght
minerals constituted 96 to 98 per cent and hesvy minercls
2 to 4 per cent of total sand., The former frcction wos dominctaod
by quartz, feldspar (plegioclasc snd orthoclase) muscevite cnd
keolin end the latter constitut.d biotite, mognetite, opoguc
minerals, tourmaline, chlorite, sugite, hornblende, ilmenite end
zircon. The mineral assenblage observed in these scils reflectad
clos2ly the composition of the metaomorphic pirent rocks which
are usually rich in these zccessary minernls, The importent
feptures of various ligat and hecvy minerals ¢s observed unc.r

a microscopc ar: described below:

High oltitude soils:

i. Quartz: From the consideration of the parent msatericl,
gneisses rnd schiuts which contain guartz in spuorecirble
amourits, the high content of guertz in sand frogiion is expootel

cnG is present in the order of 55 to 65 per cent in these soils,

It wrs observed from o petrographice study thot guartz greios

were hecvily staincc. end hed verying shopes; subround.d to
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sub-angular with coloured inclusions. Fresh rounded grains of
quartz were observed in Larnoo and FPahalgam soils. Higher
content of quartz and feldspar were present in Gulmarg sample
which may be attributed to the presence of conglomerate -
granite rocks,

ii. Feldspar: The gneiss and schists also contain appreciabic
quantities of plagioclase and albite. The occurrence of theeo.
minerals in minor quantities (18 to 24 per cent) in fine sand
fraction of this zone indicate their break down and transfor-
mation into clay minerals. The weathering condition of the
s0ill in question is neutral and as a consequence of which the
alteration of feldspar group is restricted., The weathering
has affected the more susceptible variety of plagiocleose. The
feldspar graims ware observed to be rclatively small in size
than quartz, had rectangular to platy shape and were light grey
to yeliowish coloured.

iii. Muscovite: Muscovite mica grains were present as thin
platy flakes and were generally coloured. The distribution

of muscovite was uniform and varied between 7 to 10 per cent.
Kaolin and microcline were also present in small smounts. The
presence of appreciable quantity of mica in all the samples may

be rclated with the formgtion of iliite¢ in clay fraction.

Amongst the heavy minerals, biotite (=zbout 10 per cent)
present in all those soils, was light brown to dark brown with
cleaved flakes which exhibited pleochroism from light to dark
brown, Augite and honrblende were mostly dark black =nd or dark
grecn in colour znd were prismatic to angular in shape. Chlorite

grains were coloured, rounded and constituted small amount of thec
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fraction. Zircon, tourmaline znd opaque minerals wecre present
in relatively higher gquantity and mgy be atiributed to the

parent rocks.

Valley basin soils: These soils haeve resulted from alluvium

deposition by major rivers like Jhelum, Indus osnd their
tributaries. From a perusal of the data (Table 7), it is
observed that quartz, feldspar, muscovite, kaolin and
microcline were the principle light minerals identified in the
sand fraction but were present rclativesly in less propertion
than in the soils of high altitude zone, GQuartz and feldspar
were the main light minerals and constituted about 60 to 75 per
cent of the fabric. Quartz grains were sub-angular to sub-
rounded with colourcd inclusions indiceting their rccent
deposition, Muscovite, kaoline and microcline were also preseav
Amorigst the heavy minerals, biotite, augite, chlorite,
tourmaline, magnetite, ilmenite, zircon znd opague minerals
were the main heavy minerals present in this zone. The opaguc
minerals, zircon and tourmaline were rclatively less, may

be beceause of the alluvial nature of the zone. But biotite,
auglte and hornblende were slightly higher than in high
altitude zone. 1%t may be atiributed to the youthfull nsture
of the soil profiles. Bilotite was vresent as light brown to
dark brown with cleaved flakes and generaily exhibited rad

- sbelns which gould possibly be due to.cxidation of Fc++, The
heavy minerzl assemblage sugrested changes «f provensnce during
the deposition of fluvial parent material. The mineralogical
make up of these flecod plein soil suggested an influence of

metamorphic and acid igneous rrcks,
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Karcwa soils: Karewa soils which constitute roughly half of
the valley area, arc lacustrine deposits and lithclegically
consist of blue, grey and buff silts, sand partly compzcted

conglomerates and embedded mcraines,

Quartz and feldspar were the dominant light miner-1ls
and varied from 60 tc 75 per cent Faolin, mascoviie and
microcline were also present. Augite, bictite, chlerite
constituted 20 pcr cent and garnet, ilmenite and mggnetite
constituted 10 per cent c¢cf the heavy minerals. The petrugraphic
analysis of fine send fractions for this zone did nct reveal
any significant variation which may be due to similar gevlogical

formaticn ~nd environment prevailing in this zone.

Gupta, et al (1981) recported quartz, feldspar and
miscovite mica werc the main light minerals and thc heavy
mineral suite wes dominated by ferruginous minercls fullowced
by biotite amd amphibole group of minerals, epidote, tourmalinc
and chlorite in some Himochal Pradesh soils. Roonwzl and
Garralapuri (1982) reported thet quartz, mica, chlorite cnd
feldspar and heavy resistant minerals such as tourmcling,
garmet, zircon, apatite, gypsum werc present in Indc Gangctic
alluvial soils. The presence of illite and chloritc was
related tc miscovite, biotite and chlorite found in sond
fractions, While working on Kashmir soils, Dutta (1960),
Kanwar and Raychaudhuri (1971) reported clmest similer minornl
nssemblage and concluded thet influence c¢f metamorphic rocks
on the occurrence of primary minerzls was guite conspicuous

in Kashmir soils.
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5¢2.2 Clay wineralogy:

The determination of the mineralogical composition is
essenticl for a complete elucidation and c¢lay behaviour
includimg characteristic electro-chemical properties of the
soil system. A knowledge of the nature of clay minercls is
essential for complete information on development and genesis
of the soll and to determine the source of parent material.
The results for cloy minerals of the selected surface and
sub-surface horizons rcpresenting the three zones, o©s was
obtained through physiso-chemical analysis and X-rzy

diffraction techniguc are discussed here under:

5.2.2.7 Fhysico~chomical analysis:

The cztion exchange czpacity as well a2s the pedogenic
oxides of cley (Tzble 8) were used for the identification
of c¢loy minersls. It is observed thet cetion exchange
capacity ranged from 36,42 to 44,81, 28,36 to 36,42 ond
26,40 to 36,48 me/100g in high altitude, valley besin and
karewa soil clays respcctively. The higher CEC of th: high
altitude soils may be related to its higher content of
orgenic matter znd the type of clay. The CEC for chlorite
hes been indicsted to vary frem 30 tc 36 me/100g {Martin,
1955) and thet of illite betwecn 10 and 40 me/100g (Grim,
1968). According to these standords these soils may,
therefore, be consider:sd dominant in illite and chleritec.
Higher CEC observed in some of the soil clays, may be
attributed te degraded nature of illite os the CEC of degraded
illite is reported (Gupta, 1968) to be between 41 to 65.8

ne/100g, VMeny workers reported the similer velucs for
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Loshmir soils (Veraodan, 1069 and Guptas ot 2l, 1977). The
silier content show.d o vericstion from 42.46 to 46.52,

41,66 to 44.80 ond 41.46 tc 46.52 per cent in soil clays froun
high oltitude, valley brsin =nd karewa soils, respectively.
The iron oxide (FC?OB) varicd from 11.92 tc 14.42, 12.62 %c
16.25 aud 11.94 to 18.42 per cent in high oltitude, val.ey
brsin ~nd kKarewa soil clays,respeoctively. The AIEGB content
veriud from 20,26 to 22,42, 21.48 to 24.48 ond PR.BO %o

25.88 pur cent in soil clay from high altitude, volicy besin
and karewes soils, rospectively, The cloy samples from thc
study arca contained Iairly high content of KQO ronging Iron
%.36 te 5.76 per cent, 3.3%5 to 5,92 per cmt ond 3.86 to

5.36 per cent in high altituge. walley brsin and karews soil
clcys, ruspectively. Potassium content of soil clays h-s
be.n used for determining approximeote content of il.itc
(Sarker snd Raj, 1973), Grim { 1968) report:d thet k0 contont
of illite may averrge tou 6.2 per cent -nd on the besis of
this crotorion the percentage of 1liite wonld be 34 to 90 per
cent, 52 to B8 per cent and 60 to 80 per cent in high altitud.
volley besin and ker-ua soils, ruspectively, denoting thic
dominpnee of illite. The prescnce of migs uspeeialry
miscovite in the fine gmnd freelin sl supparied itg
formaticon and the dominence. Similar rosults wer. rzportod
cbout the Keshmir soils (Biswes, 1961; Versdan, 1969, Talis,

1973 and Gupta et al, 1980).

Molar ratios: Th: mcelecular ratics of silice sesqudexide,

silica, aluminc and alumina potaszium were computcd frow th.

cloy anolysis deota cnd are prusented in Taoole
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Siliea Susguioxide ratio (81°. R203): The rqtio v-ricd
from 2. %0 2.7 2071 o 2.9 and 2.0 te 2.2 dn high pltitude,
valley brsin and kerews soil clays, respectively. The range
of 2 ¥0 3 £s observed in these soils indicctod (Ukil ot al
1944 ) inter layer clay minercis cof 2:1 and 2:2 type i.c.
illite and chlorate. But Sarkar cud Raj (1973) attributued
the rotio of 2 #0 3 to sdmixture of iliite, chlorite,
koolinit. ond montmorillonite, Similar rrtios wer. alsc

reported by Biswes {1961), Varadan (1969) and Talib (1.73).

“Hs |

Siliea alumine retio (S Aquj): The silica sluming rntic

ronfcd from 3.2 o 3.9, 2:8. 10 3.5 fnd 2.8 to 3.2 in the
s0il cliys from high ~ltitude, vrlley brsin snd kercwe,
respectively, The vzlues are in the range of 3 to 4 which
was ascribed (Grim, 1968) to the presence of 1llite and

chlorite., Biswes (1961) Voraden (1969; ond Talib (1973) olso

reported the similer velu s for the Ko shwir soils

Aluming - potassium rctie (A1205 : hZO)W The aluming -
potassium retios voried from 3.5 tu 5.5, 4.0 to 6.3 and
4,3 to 6,0 in high pltitude, valley basin and korewa soil
cloys, respectively., These retios suggested the prescnce
of illit: and kaolinite and wes in agrecment with the
findings of Biswos (1961), Talib {1973). ZThe prescnce ol
micr especially muso-vite in the fine srnd fracticn olso

supported the presence of illite in these soils.

Salel2e2 A-Tay Giffrecticn studics:

Iliite, chlorite, vermiculite, Kaolinite and inter-

strotified minerals in the order of prcdomincnce were the



~143-

M-in cley mincrals (Fig, 2) identificd through i-ray
diffrretion in thoese soils and v: ricd in proportion (Teblc 18).
The nonecley mgteris-l 1i,.. gquertz and  feldsprnr could not Dbe
identified -nd mey boe prescnt in trac&s. The proscnce of
orthoclas. feldspar (Table 7) in fin. send frocticn of the
s0il ~nd its cbsence in clny froction (Teoble 18) cleorly
suggest thet feldspers are weathering much froster and tius
relecsiing, cmong other K in th  ionic environment of the soils
Since guartz =nd feldspor constituted the bulk of light
minercls froction of the fine s:nd with relotively less micr,
it con be safely cssum d thet hbulk of cley miner-ls ore
secondary formation from guortz and fuldspar os thise connot
dircctly transform to laoyer silicetes without undergoing mojor
structurzl changes., The ncecessery cationic environment for
these secondeory formstions is provided by the ceastont exchionge
of the surrounding sclution by the cetions held during the
wenthering of mincrals present in sand ond silt. Illitc was
invorizsbly the predonrinent c¢ley minercl in o3l the stamples
studied, The dominant presence of illite in eclrny srmples hnz
boen reported to be duce to degredstion or hydrolysis of
miscovite ond bictite (Bear, 1968) and due to pertial hydrolysi
of feldspor (Muyer cond Hemley, 1959) presunt in sond frocticrn.
The mechenism of 1liite formetion from flldsprr is roported
to be the result of metamorphic processes (Reichenbaeh ond
Rich, 1975). Hydromico may ~lso origincte primrrily by
inheriteonce from peront reck or mey be formed in soil, Th
Petrograrhic tnalysis of the fine sand froction indicoat.d tho

presence of feldspar and muscovit. in higner propertion then
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biotites The fgldsprr wes observed to bo sufficiuntly
wootanered {?lt?fud}- The pr_dominant-grtsbn;u ef fliit. dn
the soil srmplcs‘of the prisent study cproorcd, tnercfore,
turougi the perticl hydrolysis of foldspoar and inheritod Irc:
the porent rock also. The transformction of feldspir into
illite may be visu:lzécd cs follows:

Altercd K - fuldépar - scricitzed micn in fine s2nd -
illite in elgy. Similcr tronsformativns hove bewn roport .d
by Verms {1979) for Himmchaol Prodesh soils ond 3rrmo aud
Sidiu (1982) for slluvicl soils of India. As regords b
naturc of illite, in most of the sampl.s it w:s fourd cs
degraded type., Its formation in thuese soils migat be oxplein.

due to high rainfallf/snowfsll ond cnvironmentel cenditions.

Chlor;te constitut.d the next predominont clay
rineral ond as proesent in oll the samples, Tho snuples fro:
Larnoo, Chandigam, Nunar (85 - 150 o) &,.D, Farw ond Donger
contoincd relatively less cmount of chloritg.th:n in tlhw
othir scmples. The prisence of clilorit. couid be duc to 1.
derredrtion of iliit@ and or mgy be the result of transformctic
of princry mincqal thorltu present in the gronite gnolss
poront rocks :ﬁd schists found in these soils. It moy nlsc
heve formed from olteration of Co, Mg ond Fe¢ rich prim: r;
minerals like augite, biletite rnd hormblende. Thi other
minercis identified in th. srmples woere verriculite, keooliui
end intcer=strotificd ndnerols. Vermiculit., wsg prosg.mt in
all the samples in relatively loss proportion. Sov.ral
Lechenisns, mey be put fofft.for its dovilopment in thesc

soils, (r) the illit. or mics transforms to vermiculite under



-11'5*

mod.rate weathering conditions (b) the tronsfornmcticon of
chlorit. may lead To the gunesis of vermiculite by tho
vxchange of Mg from brucitce loyer ‘Mg QOH)E) on w.otacring.
The chlority pruesent in these soils moy alsc tr-nsform to
vermiculit.., Gilkes end Little (1972) pestulated th-t tho
main chenges in weethering of chloritc were progreguiv,
degunarction of chloritc mincr~l intoe vermiculit. by
oxidn~tion of ferrous iron cnd loss of rFe ~nd Mg irom the
brucite lay.r. Keoolinite wrs the noxt import-nt clay niner-l
observ.d i: the studicd sauples. It is pertincnt to mentic
thet kpolinite wos found to be present coven in those soilcs
where free CoC0y wes presenmt. Accerding to Grin 19687,
Millot {1970) th- pr.swnce of Col05 blocks thic formatior o1
krnolinite in soils until the cirbonrtes have buon lerched out.
Thy proscnce of krolinite in the soxls under investigeotion
hnving frue CoCO3 could b. .xplained cithcer due to its
inheritonce from th. parunt-l rocks or duc to the dipositicn
of allvvium soil coirrying tnis mincral. Schgel (1974) alo
rueported kaolinit. in r.ocunt zlluvial soil du. to inhoeritonce.
It iy clso be formed through the wecthering of foldspar or
micx as: () by chemierl procusses the lattices of £ 1dsn o
ar¢ complctely brokin in cours. of taimc snd brses likg K, Cn,
No ~re rolesscd which ronct with ALY, SiLH', F-2*, OH™
giv.ng rise to colloidal gpgregct.s that crystellizi to
producc ¢lzy minwrsls wcinly illitc snd koolinitc. (b) 8nn:
(1955) reported thot mics westhors to koolinite under fairly
intensive wecthoring cenvironnient, when mico weathoers, it icn

+ . . 7 ' 3
groduplly roplec.s Kk ions mnd min.rals bocomes hydrest.d
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forming hydrous mica (Batcs, 1960) ultiuat.ly prssing on to
keolinite, Millet (1970) suggestoed thot tihe gunesis of clew
duponds both on inheritonce from the prrunt nctorial aand
transformation and ncoformstion duc to weatheriag, It is
probable thot the proscnce of keolinite in the soils undor
inveetigation ves mainly duc to inhceritance from the porent
meteriol, Whilce working in  somc North Westirn Imdian sells,
Schgal and De Connik (1971), Schgal {1973) report _d the
proscnce of keoolinite in liss amounis ond ascribud it to
inheritence. The insitu formation of krolinit. is cttributcd
to chimical weethering aceclereted by higher roinfall, It
thus cronted depleting environment follow.d by dissclution
of silica and huneo fovourcd the formaotion of 1:1 clay
mineral through 2:1:1 type phasce Thoe knolinite is prusunt
in rilgtively less rmounts in tuo Kroshmir soils, may be
attrivut.d to moderatce weathering processes going on in tho
arca, Though koolinit. may L. form d from foldspor through
an intyermediste stnage, it now sppuers thnrnt it is usuglly”
formed by ncosynthesis from the products of hydrclytic
decomposition of fildspor mnd othoir primery mincresls, Tho
prcescnce of intir-strotificd mincerals in thesc cloy sonples
may be oscribed to the transformation of prinr-ry phyl.osi-
licates .micrs and chloritc)., Rendom int.r-str-tifi.d
material of illite - smectite, smuctite -~ chlorite might

be the rosull of nltoration of the preecxisting tice and

e WS E & TN On the basis of physico-chemicnl anelysis
X-ray difiroction, it may be infoerred thust illite foliow.d

by chloritce constitut.d th. prodeminont cloy ningral in
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these soils. Vermiculite, kesolinite ond inter-stratificd
mincrols were olso inferrced To be present in the soils of

Keshmir (Teble 18).

3ad Potassium supplying caopocity:

Potassium is onc of the macro-nutricnts cnd usucl y
is pr.scnt in plants in quentities larger than thosce of rny
minceral nutrient derived from soil with the exeception of
H rnd Hs Potassium is o reletively abundant cnd widely
distribut.d constituent of the surfoce rocks of th. carth
mokicg up an cstimated 2,6 per cent of the carth crust by
weight. The K contunt of the soils of the vorious rezions is

related to porent mct ricl ond the degreo of wecthoringd

5.3.1 Forms ond distribution of potessium in the soil:

Soil potassium is oftun dividcd intoe throc cctogorics:

non=-cxchang. able, cxchangenble tnd wotor soluble, It i
important to know th. magnitucdc of diffirent forms of K for
a proper appraisal oi o qurntity fretor contributcd by
diffcercnt forms of K. Boesides, it givis a picturce of tho
potunticlity of the soil with r.sp.ct of K-supply to crops.

A perusal of the date (Tcbhle 12) rovenled thot the weightod
overage velues for wetur soluble K ranged from 17.62 to 21.35
13.04 to 17.66 cnd 11.06 to 17.16 ppu in the soils from high
altitude, vallcey besin and kerewa zone, respuctively. The
corruvsponding valu s for (xchangeable K vericd from 93,12 to

111,43, 78.70 to 92.50 ond 71.16 to 84,16 pprm in thosc zon.s.

Th. contcnts of avnilable k (wotcr solubl. and «xchang.+bl. k;

were prolotively mor. in the high pltitude seils ~nd the

4

/
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Table 18: Mineralogical composition of clay froction of soils from
differcnt zones uwf Kashmir, based on Physico=cChamiceal
analysis and X-ray Diffraction.

— - —— a -

Location/ Illite Chlorite Vermiculite Keolinite Fixed

Depth (cm) las or
miner-

) High Altitude soils

Pahalgam e +++ +4 4 4ot

(0=15

Larnoo F+tb ++ +b 4t e

(0-18)

Sonamarg s +4+ ok o+ e

(0-20)

Gu lmarg btk o o+ + +F

(0-20)

Gulmarg o — ++ e e

(90-150) :

Chandigamn

(0=17) s ++ i e et

Valley Besin  soil

Khudwani o ot ++ 44 ++
(0=-20)

Nunar 4 At ot +- 44+ +-
(0=20)

Nunar e ++ T ++ ++
(75-150)

Shalinmar F+4 +++ e ot 4+
(0-15)

Padgampora et o+t ok ++ 4+
(0-17)

Handwara

(0-17) ot 4+ +i ++ +

Karewa soils

rm

L apar +++ ++ +++ ++ ++
(0=15)

LeD.Farm e ++ ++ +F ++
(0=16)

P ampore s ++ R T+ o+
(0=-20)

Pampore o 4+ ++ o+ IR
(85-150)

Koil e+t +++ ++ 4+ 4
" 0-20)

Note: ++++ = Abundont +++ = Moderate ++ = Low
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karcwe soils h-d the lowest. The distribatior of sveil-ble X
did not foliow rany unifors tr.néd in thoesc soll profilcs. Th
highur aveilsbl. K status of th.s. soils cspeciclly in
cbsunce of K-fertilizetion moy be attrabuted to fri:ble astur,
of thisce soils du. to folr cmount of orgenic hirttor proscat
wherein the roots prolifoer-te decper to got their Kesupplis
rnd to the pruschec of illite type of ¢lay minurpls. 1t el
nlso bo duc to t... equilibrium which is cbscrved to wxist
between the various forus of K, ond to tiawir cliuvicl nctur.,
Misrs rnd Hori Shonkeor ((1970), Ghosh ond Hesen (1376) nlso

rcport._d the higher avoilrble K-status for th. alluvinl soils

£ Indip mnd gottribut.d it to illit. minerzl, In tho
convintional scrle of fertility sssessment - simplificd
essumption lics beun univers-lly cccuepted thot gll the K-
extroctable by mol-r Nij,CAc or rn cquiv-lunt solution ~v
foirly ~veilsbhble for plent mutrition with complot. disrcgrad te
the yate ot which thiy may be svellsabl.e undor noturcl plont
growing conditions, Though th.st soils were roted high in

available K, the retivity r-tio ok/

Cr+Mg) wrs r-thor

low rnd did not corrobor-t. with th. high r-ting.

The contents of non-cxchchgoeeble K (INHIGQ3 K) pr.osons
in thise soiis w's high. Thue weightced cvercge veolucs ronged
from 872 to 930, 591 to 855 ~ncd 629 to 753 ppm in high
altitude, velley besin end kerowr soils, respuctively ond
on gn av.erag. compriscd 3:5 tc 9.5 per ount of total Ko The
distribution of non-cxchmnge-ble K wes inconsist-nt with tli
iner.-sc in the depth of the profile, A1l the soils wihibit.?

adegquatce amount of fixod K, os the boiling HNO, ritackoed the

3

13|

L
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crystosl structur. of th clny mincrals ond thus xtrectod

mich mor. K then wes in cguilibrium witn the soil soluticon.
Mchrotro ond 8ingh (1970) supportud th. sbov. findings whilc
working on som. clluvianl soils of India. The rilerse from
non-cxchang coble ¥ in the illitce dominant soils wos highest

~md the inherent b fertility dipends on the K rolerse frov tuds

sourca Arnold, 19622),

z

Th. weighted avernge velues for totsl K v-ricd from
1,63 to 2.26, 141383 to 2,06 rnd 1.83 to 2.10 per cunt in high
altitudce, vrlley brsin ond korewa soils, respectivioly., The
higher contunt of totsl K may be aottributed to the domincncc
of mic:zs cnd feldspor os primery potnsh bunring minernls and
to thie 1liite cilay mincral. The higher orgonic motter contoent
frvours the dissolution from the primory minoercls -nd thus
more qurntity of total K in thesc soils (Chattorje., 1976.).
" Besldes; CO2 coriched woter hrs Loen found offcetive in
rclensing K frow primery minercls (Dicst, 1978). Higher K
status of Kashmir so_ls w-s olso r_port.d by Hondoo (1973 rcnd
Talib 1973), Growal ond Eanw-r (1S76) report.d hizh tot-i
K in sonic Funick ~nd Himochcol Frodesih s0ils ondé o~ttributed

it to primrry o~nd sccordrry minerals.

The meon K=fixing cnp city wos 267, 254 cnd 245 por
in high altitude, v-~licy besin snd kercwr solls, respectiv.l -,
It moy be r.lotcd to the proesonce of iliite type of elpy
minerzl cnd to the higher concentreotion of potassium in thosc
solls woich incrorses the K-fix-tion becruse more K goos

ivto tne xechenge complix., Grewal and Xenwvicr (1676) roportod
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reletively loss velues (227 pim) for some Funjsb soils while

i

Ssurcsh {1979) reportcd nigher vrlucs (500 pym) for some s0ils

of Himrchzl Frodesh.

Corrclction studics: Multiplce regression equotions for vori-w:

-

formus of ¥ with seil propertics werce computed and cre priscntos
in Appendix ITI. It is inferrcd thet:

a. pH, Organic crrbon, cloy, silt ond sond contributcd
32.73 per ccnt townrds wotur soluble b ~nd on stopwisc
r.gression snolysis, the contribution from pH cnd scnd wos
31.99 per eent but th contributicn of pHd wrs highly
significqnt.

b, For wvxchangeoble k, th. contribution from pH, org nuc
crrbon, cl~y, silt cnd CEC wcs 48,38 per cont end in stopwisc
regression onalysis th. orgrnic corbon ond CEC contributcd

significontly to the tun. of 46.34 pur cunt.

Ce The contribution frem pd, orgrnic carbon, clay, silt
send ond CEC towerds non-cxchongenble K wes 31,61 per cont

~nd on stepwisc regression nnalysis the contribution frow
orgenic ¢ rbon ~nd CEC wrs 25.471 per cent only, the contribuii~,
from CEC wrg, houcver, significont.

d, The contribution for totcl K by pH, orgrnic errbon,
clay, silt shnd snd CEC wes to the tune of 39.63 per cant

cnd subscquently cley clone contributed significontly

(36.57 pcr cent) towerds total k.

Th, eoLffieient of gorrelrticons ebb~ingy bubtwo.n Joerss
of K; physice=chemical prop.rtics .ne soil frroctions -~

prigent.d in Table 19. 1t is gbsuerved thsts
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Weter soluble i. was positively correlated with or_enic
cerbon {r = ).4L6}, CEC (r = u.377), exchangeable k (r = J,5%
and non-—exchangeable & {r = 0,3%12).

L Exchengeable i. was positively correlated with or atic
cerbort r = 0,61¢), CiC (r = U,590) and non-exchangesble b
(r = 0.63),

o bon~exchangezole b was positively correlated with
orgenic carbon (r = 0.392:, CEC (r = G.481) ané total L

(r = C,306).

d. Total K was positively correlated with clay (r=L.504;
but Mad rneg:tive correlation with sand (r = 0.447) and silt
{r = 0,410).

e. V~fixing capacity wus significantly corrcleted with
organ: ¢ cerbon {(r = 0,913}, C.C (r = 0.97C), sand ‘r= U,743;,

silt {r = 0,576, and clay ‘r = 0.908),

The relationship between the forms ¢i K has been
observed in thesc scils. The basic corcept oi such an
equilibrium is that a chanze in magnitude ol onc of the foros
will tend to be compensated by movement from and between all
the other forws (Reitemeier, 1.51). Similar ecuilibrium ues
reported about Punjab soils .Grewal and Lanwir, 1975}, in
Nagoland soils {Ghosi: and Ghosh, 19786) and in some Haryana
soils [Chahal et al, 1976). A number of studies have alsc
shewn significant poesitive correlation of L-fixation with
311t and clay fractions {Ghosh and Hasan, 1976}, Ramanathan
and Lrishnamoorthy, 1976). The positive ond significant

correlation between non-excnangeable h and CIC indicated thet
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perhans some K was adsorbed on inter-lattice sites which —ouad
e L 5 e, e

not pe evcaanged by NH, but could be extracted with Ur;
-

having selectivity of h (Vanschouwenburg and Schufrieclen,

19635} ,

5.3.2 K-forms in soil fractions:

The potassium status of a sell may be esszecsed in
its contont of Kebearing minerals since the amount of these
minerals in a soil gives some indication of the potential
source of K to plantsi But more important in determining
the K-supyly to planis are the soil Kk-fractions, (Mengel and

Iirkby, 1980).

Distribution of total K in the soils oi Keshmir w:
found to vary from 2.25 to 4.40, 1.80 tc 2.80 and 1.25 to
1.80 per cent in clay, silt and zine sand fraction, respective._
The HC1l soluble K varied from 1.35 to 1.80, 1.10 tc 1.48 aad
0.28 to 0.58 per cent in elay, silt end fine ssnd fragticn,
regspectively and the 1NHN03 soluble & wvaried from 0.45 to 105,
0.20 to 0.65 and ©.10 tv v.28 per cent in clay, silt and fiue
sand, respectively., On an average clay fracticn contributed
49, 47 and 57 per cent of total i HC1l soluble and 1NHNOH -t BRI RN
K, respectively. The contribution from fine sand Traction
everaged to 11, 7 and 7 per cent of total, HC1l and fixed K c:
scils, respectively. Higher contents of total kh in these sci.:
may be atiributed to finer t:xture, presence of potassium
be:ring primary minerals (feldspar, miscovite) and illite whis

s

throug: the action of wrter in general and carbon:¢ aci., in
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particular releacse largec quantitics of cotlones on weatheri .z
and thus giving higher values ~»f Kk (hovda, 1965). hanuar ¢
Grewal {1566), Lodha and Seti (1970) and llenrotras =t al
{197, reported similsr values for thc soils of Fungab,

Rajasthan and Uttar rradesh soils, respectively.

u
N
-

wl

Green house studies:

Green house studies are capable of describing or
measuring th:t portion of the nutrient in the soil th.t 1g
avallable to planis, They reflect the guantity of plant

avallable nutrient in a unit weight or volume of soil a.d

0}

are more rapid and nore pr-cise than field determingtions.

The data pe.taining to the pot culture studi:s
(Table 14) revealed that dry .etter producticn was relativelv
mors in high altitude soils than in the soils of other zores.
The apolicatirn of different leveis of L did not increosse it
corresponcingly, The mean dry metter yield at KO {contrul)
was 1,245 gm which increased tu 1.818 gm with the addition
of h200 ppm and decreased to 1.635 gm with a higher K doze
(400 pomy, There was no slgnificant interuction vetween solls
end F-leveis., The scils difiored sipnificantly with respect
to i.-concentration in plants, The concentration increased
with th. incresse in the ¥ levels: The mesn li-concentratiun
in the plant at control was U.786 per cent, it Further increcosec
to 2.503 per cent with ecpplication of K20U ppm and to 3.201

m

per cent with K40OC ppm, The increuse in k=concentration with
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the inerca.e in ¥ levels though it wes significsut but {the
treatment of L200 pym geve remarkably higher valuzs of

k-congentration in the plants than E4OC in all the zones.

The influence of applied K on its uptake by a wheat
crop (Lable 14) revealed that mesn uptche at control was 10,353
mgm k and it increased to 47.29 mgm K with K200 ppm and to
54,15 mgm K with 400 ppm. The increcase in the K-uptake with
the increcese in K-levels wa. stetistically significent., Tiw
interacti n between scils and K levels .as alsw significant.
The incriase in K upteke . ith the increase in K-=levels did n
show a corrvsponding increase in the producticn of dry matter
which may be attributed to luxury consumption of K. As =
result of potash zpplication there was ¢ higher K-content ir
wheat crop resulti g in an increase in the upteke of k¥ in wil
these se0ils. The higher dry umotter yield obtained wit.
200 ppm K may be attributed to udequate amount of soil K wiic.
was utilized by the plants. The plants harvestoed at holf
flowering stage®gave higher vaslies of K concentrstion.
Sandil .197%), Rejadc (1978), Lodhe et al (1969) and Singh
and Singn(1981 ) reportud thit concentr:ition of K in the
plent increased with the 2ge of the plant till the stige ¢f
meximum dry matter productinn ond therearter it declines.
The ¥. content in 40-45 days whecot plant varied fro: 2,96 to
5.36 per cent I (Sandil 1979; Lodha et al 1969 end Singh cnd
Singh 1981). The resuits obipincd in the green house
experiment arc in agreoment with thosze reported ezrlier, .he
increased I uptake may be due te the synergctic and gdeguete

N-supoly.
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Correletion studies: The coefficient oI correlation betue v

dry maties yield, l.--concentrction, uptike with forms of L
were coumputed and cre presented in Taoble 20, It is observeo
thet (i) dry matier yield w e« significantly snd positivelyv
cerrelotod with exchangesble K. {r = 0.677) (ii) b--concentr
ion cind K-uptake were correloted with oxchongesble K

{r = 0,773 cnd r = 0,809) {iii} k-concentration cnd upt:ik.
cf K of whe t plant wes positively significantly correloter
with fixed L (r = 0,671 and r= 0.667,, respectively (iv, Th.
water soluble h did not reesch the level of significonee, me:
be it wos too less to meet the plant requirement. The conts
of totel h werc also not reloted with dry metter, K--concen-
trotion ond K-upteke. Non-exclhiangeable K is reported to e

higuly correleted with thnat recmeved by plant under intensivs

cropping {lMaclecn, 1961 and Accuaye, 1973).

eJol  Lffect of K-fertilizction cn the soil after crop

agrvest:

The soil szmples nfter the crop hervest were shalysad

for NH£OLC K qnd 1NHHG3 soluble £ znd the deta arz prosented

!
in Toble 15. A coumporison of the initial ond post horvest
Kk status rovecicd th.t there wes o considerable decre: e in

both NEAOAC K and WNHNO. K contents of the soil. It

AW

indicrted that plan s were wble to take morc X from the soil
then wes present in toe svelleble form, suggesting that K
relecoscd from non-exchangosvle sources for use by the cro;
plants. The addition of K to the soll gove correspondingly
higher velues of both NHaGﬁc L and non-ezchipngeable ke 11,

aercforey, suggested thet most of the sdied K got fixed and

g

sl

tn
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the plant met part of its requirements from the native K.
This woe substenticted by the equilibrium which exist betuie
forizs of K in these soils, Similor obscrveticns were mode
by Arnold ond Close (1961). The rcliance on K-relecse frum
non-exc:angeable pool leods to a decline in the fertility

status of the s0il and the releese may not cope up with tho

demond of vigorously growing crops (Grimue, 1974).

5.3.5 Quantity/Intensity relationship:

The quantity factor (B k) =nd the intensity factor
(ARR) proposed by Beckett (1.64) provide a better picturs
about tic potessium sypplying power of o soil thoan availagb-

K or the iomnie aetivity rétile of K.

5:2+5:1 Activity ratio (AR}:; :I‘ /.i,')—'ifg

Lotivity ratic or K-potential or the intensity foctur
as a means of K~status of the soil has teen advocated by
Reckett 1:64s) as it gives a better picture of the potassiw
supulying power of a soil t.an the availeble K provided the

soils do not differ wiJely in calcium status.

The activity ratic and other quantity/intensity
parameters computed from t..e soils of the three zones before
sowing the crop and zfter harvest are presented in Table 16
and in Fig, 3. The mesn initial activit, ratio was C.0ul72,
0.,004C aud C©,0042 ;mole/L)ﬁ in high altitude, valley basin
and karewa soils, respectively end tus corresponding mean

values after crop harvest were v.00194, 0,00166 and 0.00107

(moles/L)}“. The decresse in activity ratio from the initial
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values due to crop uptaske illustrated the potassium uptake

by the plants., The mean activity ratic in the beginning in
high altitude soils was relatively hizher than the soils in
other zones and may be attributed to higher orzanic matter

content present in these soils.

Maji (1980) reported similar values (0.0057 teo 0,0013
' {moles/i)% for soils rich in orsanic matter (2,0 tc 4.5 per
cent;. Ramakrishnayya and Chatterjee \1976) report higher
values {12.5 to 20.8 (moles/L)% x 1072 for some red soils

and low values (1.0 to 1.8 (moles/L)% X 10'3) for some blaci
soils, indicating that K 1is available to a lesser degreec

in black soil than th ' red soils. Decrease in activity rctio
due to uptake of K by plants is alsoc reported by Fatra (1978);
Acquaye et al (1667) Le Roux end Sumner (1968). Maji (1879)

reported almost similar values for zalluvial soils from

Kanpur, Delhi and “alampur (2 tov 6.75 imoles;/LJ® x 10”2,

The activity ratic had negétive non-significant
correlation witn clay content (Table 21) and witn uptake of
K by wheat {Table 22), indicating that tae ac’civity; ratic was
controlled more v the type of clay than by the amoﬁnt of
clay. Fredominance of illite type of clay wine. al secms to
be primarily responsible for low ARK (activity ratio) values
of these soils as h 1s held preferentially by mica than by
other minerals. Thus, the values of the activity ratio
computed from the soils of Kashmir indicated low intensity

parameter for immediate h-supplying and thus shall respond to
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the K-application as illustrated by the decreases 1. the

activity ratio duc to cropring.

5.3.5.2 Free energy ( A F):

The mean initial frec energy values were =-3213, -31¢7
and -3245 calories/equiv. in high altitude, valiey basin and
karewa soils, respectively and the corresponding mesn values
after crop harvest were ~3735, -3872 and -3802 calories/equiv,
(Takle 16). The values bf A F after cropiping exhibited a
decrease of =522, <681, and ~557 calories/equiv, in
high altitude, valley basin and Karewa solls, respectively,

indicating the presence of K in the scil solution,

liielson (1077) reported zbhout Denmark soil that witi:
exhiaustive cropping the free energy of scil decreased to
~4000 calories/equiv. and further k-uptake was restricted to
non-exchangeable !. reserves, MaJi (1979) reported wide
variagtion in the frec energy veluss in soime glluvial soils
of India., The values réported for kanpur, Delhi and Palampuv
soilg were -5727.43, -44B3.74 and ~4597.50 crlories/equiv.,
respectively. Doverat {1962) reported that vhen A G values
were below =4200 to -4300 cglories/equiv., the k-deficiency
was evident in pasture soils, Suresh {1579} found almost
similar velues (-2812.9 cal/equiv.) before cropping and after
cropping (-3586.8 cal/equiv.) aud advocated the use of

Kwfertilizers for some Himachal FPradesh soils.

The mean values of free energy in tie soils studied
were conspicuously les: than the threshold vsiues of =-4000

o



Table 2711

properties and forms oi 1.

F.oashmir.,

-13% 1=

Relationship of Quantity/Intensity parameters, soil

in the voriouas zoneg of

Q/I parameter Stage Organic Clay Exchange- Fixed i
carbon able k
Letivaity ratio Before 0.030 -0, 362 0,259 0,206
Croppiag
After =0, 055 -0, 187 0.209 0,107
cropping
Free Energy Before -0,1C8 =0, 447 04147 0.160
cropping
After -0,070 -0, 196 0.220 Qe 111
cropping
lhabile kK Lefore 0.526 0,041 0.9935%%* Q0,007
cropping
After 0.047 0.038 U.318 Qs 157
cropping
Potential Before Ue 327 C.591% =0.059 0,022
bufferinn cropping
sabaetiy After 0.238 0.492  0.156 0. 040
cropring
e e e 7 g ~ ST
Significant at 1 per cent level
* Significant at 5 per cent level
Table 22. Coefficient of cocrrelation between uptake of h by
witeat and Quantity/Intensity relations of soils from
S Tt Stape T T TActivity  Free | Labile IL  Foteatia
ratio energy bufferins
capacLty
Uptake of K Before ~0,050 -0, 179 0.143 G273
by whesat cropping
After
cropping ~0.175 -0, 024 o224 e 510
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cal/equiv. and above (Woodruff, 1955 and Arnold, 1962) when the
s0ils 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
availsble K. Consequently the soils im the present investigstion
before cropring, approzch to second category (~2500 to 3000)
indicating optimum amount of available K but with uptake the
values correspond to the first category i.e. -3500 to -4000
cal/equiv,., wherein the soil are reported to be deficient in
available K and thus may meet their subsequent requirements from
non-exchangeable pool, suggesting application of K-fertilizers

to these soils.

The values of F did not show any correlation with
organic carbon, clay content, quOAc K, fixed I. and with uptake
of K by wheat (Table 21 and 22). It, therefore, did not offer
any specificd advantage over the morc easil: estimated

exchangeable K,

5.3.5.% Labile K (KL .0

Labile K represents 1lhe amount of K that must be removed
to reduce the activity ratio to zere and is reported to be
(Beckett, 1964) a measure of the total amount of labile K present
aind capable of taking part in the exchange reactions. The
contents of labile K computed from the soils before sowing of the
crop and after its harvest arc presented in Table 16, The
mean initial values for labile K were 0,.1272, 0.1248 and 0,1115
me/100g for high altitude, valley basin and karewa soils,‘

respectively and the corresponding values after the harvest of
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the crop were 0,0809, 0.0806 and 0.0831 me/100g, respectively,
On cropping the labile K decreased by 0,0463, 00,0442 and 0,0205
- mef/100g in the high altitude, valley basin and karewa soils,

respectively,

‘Maji and Sen Gupta (1962} reported that values of labile
K were low except for black soils and KL was significantly
- gorrelated with available K, The values reported for black, red,
alluvial soils of Delhi, Kanpur and Palampur as 0.65, 0,44, 0,12,
0.07 and 0,13 me/100g, respectively, Khandekar {1980) reported
about the black soils that Q/I relations of different soils frow
the same series differ more in I.; than in other parameters and

attributed to clay content and management,

In the case ¢f Kashmir soils, the exchangeable K was
found to be more than the labile K. Considerably the spatial
double layer arrangement of counterions on the colloidal surfzces,
the oource of labile K may be from difiused layer only, This was
in line with the findings of Beckett et zl (1965). It meaons not
necessarily that entire amount of exchangeable K will take part
in an exchange equilibria. The higher values cof lzbile K for
control than treated plots as is evident from the Table 16 are
in agrecment with the findings of Acquaye et al (1967); Le Roux
and Sumner (1968), the decrerase in the labile K may be attribut.d

o uptake by plants.

The results obtained in the present investigation are in
agreement with Roux and Sumner {1968) who repcrted that an

increase in the amount of K taken up by the plants is accompanied
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by a decreause in pool of labile K with plant growth. Consequently
the plants obtain K from non-labile sources. This relative
ability of the soil to release . is in agreement with the
dominance of illite type clay minerals observed in these soils.
When the labile V. falls to a minimum in soils being intensively
cropped after which the pool serves as the vehicle by which kL

from inter--lattice sites becomes available to the plants,

From a perusal of the data, it is observed (Table 21 and
22) that the labile K was positively significantly correlated
(r = 0.993) with NH,Chc K and negatively significantly correlated
with fixed ¥ {r = 0.907) but had no correlation with uptzke of I
by wheat, The positive significant correlation with available L.
indicated no specified advantage was offered over the more
easily estirated exchangeable K. Similar correlations were also
observed by Maji and Sen Gupta , 1982) about some alluvial soils
of India and by Khandekar (1980) about black soils of India.
The value of labile K in the present investigation were low
indicating adequate availability of I. to the plants, but si cec
the plants extract most of its K requirements from non-labile i,
addition of li~fertilizer will be quite responsive and beneficia.

as it will not exhaust the soil of its potassium reserves.

5.3.5.4 Potential buffering ocapacity (PBCT

(FBC"J:

Beckett (1964c) proposed a ne. paraneter, potential
buffering capacity of soil with respect to potagsium, conbining
in one parameter the quantity and intensity factors. Addiscot
and Talibudern \1969) later defined FBC as the change in Lk

( exchangesble K) in the s0il for unit clange in the potenticl
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or work term. This parameter provides a good measure of
replenisghment power c¢f the so0il as K is withdrawn from the
labile pocl., The mean initizl values (Table 16, for PBCY were
30,09, 27.16 aznd 22,48 me/100Cg ;Nole/h)% znd their corresponding
values after crop harvest were 45,42, 43,069 and 35.75 me/100g

(M1yz

in high altitude, valley basin and karewa solls,

k

respeptively. The valu.s of FBC” due to cropuping showed an

increase to the tune of 14.33, 16.53 and 14.27 me/100g (M/L)§

in high altitude, valley basin and karewa soilg, respectively.
Under cropping conditions no change or increase in .'E‘BCk values
have been reported by different workers .Zandstra and Mackenzie,

1968), The higher values of PBCk implies that degree of

immediste k availability to planis would be less.

Maji and Sen Gupta (1982) reported almost similar values
i.e. 25,3, 12.4 and 36,2 me/100g M/1y% for alluvial soiis of
Delhi, “alempur and Kanpur, respectively. Cupta et al {1833) ]
reported a variation of 5.6 to 19.6 me/100g (M/L)% for some
Nagaland soils, The value for PBCK for black soils were reported
quite high, | 100-130 me/100g (M/L)% (Hamakrishnayya and
Chatterjec, 1976)(Rac, 1977) whieh was attributed to the
dominance of smectite clay mineral. Low values of red soils
(5.0 to 21.0 me/100g (M/L)E viere attributed to kaolinite type
of clay mineral present in those soils and were reported to

respond to ¥ fertilization (Ramakrishnayva and Chatterjee, 1976,.

The results obtaincd in the present investigation were
in the inter-mediate range between those of smectite dominant

soils and kaclinitc dominant soils. This may be atiributed to
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illite type of clay minerals found in these soils. Le Roux and
Sumner (1968; reported that eBCK of illite domirant soils wvary
from 3% tc¢ 57 me/100g (M/L)% and for kaolinite dominant soils

6-8 me/100g {M/L)% and report that the s0il is being gdepleted of
K by continuous cropping its PBCk will increase. Such increase in
PBCY are most marked in soils having mica as the dominant mineral
and as a result of its preference for K-especially at very low
K-saturations., Therefore, soils with low PBCk are unzble to
maintain the po.l to the same extent as soils with high PBE,
Therefore, on the basis of immediate Q/I parameters it is poscible
to statce that soils with higher PBCk have the greater capaclty

of ¥ sup:ly than the other soil with low PBCK. This type of
information cannot be obtained from the empirical extraction
methods., It appears likely that in any one season, the responsc
of plants to i appliceation under field conditions will dependc
mainly on the labile potl at the begimning of the season,
Nevertilzsss the release of fixed K to the pool will be important
in the w.nter months during whieh soil with hnigh PBCk > 30 will

be able to replenish the pool to some extent,

The value of PBCk was positively correlated with clay
(r = 0.59; {Table 21) but did not reach the level of significance
with uptake of ¥ by wheat (Tzble 22,;, Similar correlations were
obtained by Acquaye and MacLesn (1966}; Pati Ram (1981) and
Ghosh and Ghosh (1976).



CLaTER VI

SUMMARY A% COICLUSTGH

The prediction of response to applied k is a complex
metter and among others the mineralogy of the soil has beon
reported to be the mest importent fuctor. The iyée ang amouni
of clay minerel is also important in determining the availabilit:
of native and applied 1.. With rega:d to nutrient avairlcbilit ,
it is being felt that both the guantity of the nutrient anc its
intensity, among others are equally importent in determining
the responsiveness of tle crops to eprlied L. Beckett L 1964)
has tried to combine both the fzctors for predicting available i.
This approach apperrs to have grest potestial but has not been
always better than simple measurement of solution or

exchangeable Kk in predicting aveilsbility of } to plants.

The éresent gtudy was undertaken with the following
objoectives: |
8. lo characterise the typicasl scil pedons of Loghmir for
their morghological, physico-chemical properties, genesis and,
their classificstion into Taxonomic Units of USDA comprehensive
svstem.
. To identify primery and clay minerals in the selecied
s0il profiles.
G. To find out tre relatiunéhip between differen%
L~fractions, important physico--chemical _roperties and
mineral gy of the soil.
d. To find out the relationship of soil separates with

various forms of I. and r~fixing capeacity.
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€. To find out the free energy, content of labile K and
potential buffering capacity before and after cropping

from Q/I ratios and their relationship with K-uptake.

Fourteen pedons were exposed in the three regions
of the hashmir viz. (a) five profiles in high altitude zone
which is colluvial formations of gnesis, schists and other
material and are located above 1800 m m.s.l. (b) five
profiles in valley basin which is alluvial in nature and
loczted between 1700 to 1800 m m.s.l, and (c) four pedons
were exposed in Karewa zone of lacustrine origin. The mgjor

findings cf this investigation are summarized below:

6.1 Pedological characteristics:

i. Morphologically the soil differed in respect of nmany
features. The hirzh alticude soils were generally dark

coloured, the colour varying from very dark greyish brown

(10YR 3/2) to dark yellowish brown (10YR 4/4) and from yeliouwist
brown (10YR 5/4) to dark yeliowish brown (10YR 4/4) in valley
basin and in karewa soil from browm (7.5 YR 5/4) to dark

brovn (10YR 4/3).

1i., Clay cutans were found on the ped faces. This has

resulted in the formation <f B2t horizon., All spil

T

war
predominantly under the influence of climate anc vegetation.
v o S The soils in thne study arcs were heavy textured; the
clay percentage relatively more (26 to 52 per cent) in high
altitude soils, wherees in velley basin and karewa solls

the silt content (42 to 54 per cent waus more than in hign

altitude soils.
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iv. The soilsg in the high altitude zone had neutral ph
(weighted average 5.4 to 7.6) whereas in the other zones it
was comparstively more but was within the safe limits., The
03003 content was higher in karewa soils (welghted average
2.30 to 5.73 per cent; but was low in high altitude and valley
basin soils., -
Ve Organic-carbon content in the high altitude soil was
relatively more (1.4 to 2.9 per cent) than in the valley basin
(1.09 tc 1.54 per cent) and karewa soils (0.45 to 1.0 per eant,
There was also a marked variation in total nitrogen content
(weighted average) varying from 0.09 to C.18 per cent, 0,08 %o
0.10 and 0,03 to 0,06 per cent in ﬁigh altitude, valley basin

and karewa s0ils, respectively., The surfzce soils had relatively
more content of N than the sub-surface horizons.

vi. The available PZOE content in these scilg wes medium

and the available K-status was in general high, the high
altitude soils had relatively higher content of both these
nutrients,

vii. The weighted average values for CEC ranged from 22.5 to
29.0, 15.80 to 22.3%1 and 15.01 to 20.14 me/100g in high altitude
valley Basin and karewa soils, respectively. Amongst the
exchangeable cations, calcium was found to e the dominant

cation in all the soils followed by Mg and ¥, The weighted
average values for exchangeable Ca were 12.50 to 15.95, 8.87 to
13.04 znd 3.38 to 12.48 me/100g in high altitude, valley basin
and karewa soils, respectively, th¢ corresponding values for
exciiangeakble Mg were 5.62 to $9.57, 4.95 to 7.58 and 4.69 to

6.20 me/100g and for exchangeable & 0.71 to 0.81, 0.23 to

0.40 and .0,23 to 0,52 me/100g in these soils.
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viii. The soils in the high altitude zone, becausze of dark
colour, higher organie mstter content, presence of argillic
horizon were generally classified as Argiudolls but Hepludalfs
were also present. The soils in the valley basin were mostly
Hapludalfs but Ochraqualfs and Dystrochrepts were also
encountered, The karewa soils were predominantly &lfisols with

Hapludalfs as the main great group.

6,2 Mineralogical studies:
i. The light mineral constituted 96 to 98 per cent and werc

dominated by quartz and feldspar. INMuscovite and kaolin were
also present, whereas the heavy mineral suite constitﬁted

2 to 4 per cent and comprised of biotite magnetite, opaque
mineral, tourmsline, chlorite, augite, hornblende, llmenite and
zircon. Mineral assemblage observed in these soils reflecied
their origin from metamorphic rocks present in the area, The
mineralogy wes almost similar in the three zones but varied

in proportion,

ii. The cation exchange capacity of the clay samples vericd
frem 36,42 to 44,81, 28.% to 36.42 and 26,40 to %.48 me/100g
in high altitude, valley basin and karews soils, respectively
wihnich showed the presence of illite and chlorite, On the basis
of molar ratios the 5102/R203 of 2 to 3 observed in these soils
sup orted the presence of iliite and chlorite, Similarly,
SiOZ/Alz'O3 retios found between 3 end 4 suggested the presence
of illite and chlorite, %1203: K0 (3.5 to 6.3) indicated
the presence of illite and kaolinite in these soil qlays.

1ii, X=ray diffrection studies revealed the presenceof illite,

chlorite, vermiculite, kaolinite and inter-strstified mincrals,
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(in the order of abundance) in these soils. Illite may have
formed due to hydrolysis of feldspar and inherited from parcnt
material also. Chlorite was present in all the samples and
might have been formed due to transformation of primary
mineral and due o the degradation of il.ite. Vermiculite
may nave formed from iliite and chlorite. kaolinite though
present in relatively small amounts may have been inherited
frem the parent rocks and by alluvium, Degraded illite was

also present.

6.3 Studies on potassium:
: The availsble b varied from 111.87 to 130.29, 91.74 t.

109,90 and 82,22 to 101,90 ppm in high altitude, valley basin
and karewa soils, respectively. On the conventional goil
fertility evaluation scale, these soils are rated high in
availiable K status.

;XA The contents of non-exchangeable K \1NHN03 K) present
in the three zones wes adequate. The weighted average values
ranged from 872 to 930, 591 to 855 and 629 to 753 ppm in high
aititude, valley basin ancd karewa soils, respectively. The
soils werc high in total K and the welighted average values
ranged from 1.63 to 2,26, 1.83 to 2.06 and 1.83 to 2,10 per
cent in high altitude, valiey basin eand karewa soils,
respectively, The higher content of total K may be attributcd
to the presence of orthoclase, muscovite anc illite. ‘'lhe
K-fixing capacity of these soils was 267, 254 and 245 ppm

in the high altitude, valley basin and karewa soils,
respectively and was significantly correlated with organic

carbon, CEC, silt, sand, clay and CaCCB.
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iii. The total K as extrccted by HF in clay, =ilt and fine
sand fraction averaged to 2.25 to 4.40, 1.80 to 2.80 anc 1.25 to
1.80 per cent,; rcspectively. The HC1l soluble K varied from
1.35 t¢ 1.80, 1.10 to 1.48 and 0.28 to 0,68 per cent in clay
silt and fine sand, respectively and the corresponding values

with WHNO, were 0,45 to 1.05, 0.20 to 0.65 and 0.10 to 0.28 per

3
cent, The contents of these forms of K had a negative

correlation with the size of the particle, The contribution

of clay was cohmparatively more towards all forms of K indicating
the predominance of illite in these soils.

iv. Green house studies revealed that dry matter production
was 1.25 gm/3 plant with KO, it increased to 1.32 gm/ with

k200, It did not show the corresponding increase with K400 but
was more «1.63 gm) than control, The content of k in the wheat
plant increased with the i.crease in K levels. The K content

in plant wns 0.78 per cent with control, with K200 ppm.it
increased to 2.50 per cent with K400 ppm it increased to 3.20 per
cent, The uptake of K by wheat plant with K200 ppm was rcmarkably
superior ov.r control and the uptake with 400 ppm K though
significant over control was not in the same proportion. Dry
matter yicld vas significantly and positively corrclatced with
exchangeable K. K concentration and kK-uptake woe significantly
correlatud with exchangeabie and non-cxchangeable K,

V. The post harvest enalysis oi K in the soil samplos

showed that the contents of lill,Ofc 1., and 1NHN03 K were relatively
less than the initial corresponding vz:lues. There was an

average decrcase from 25 to 30 ppm in NHAOAC L. and 65 to 210 punm
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in 1NHNO3 K due to cropping. The addition of K incrcesed the

contents of exchangeable and non-exchangcable K in these soils.

i, Arongst the Quantity/Intensity relations, potassium
activity retio ak/ /a(Co+Mg) did not provide any significant
correlation with K-uptakc and was negetively correlatcd with

3

clay content. The rrtio was of the order of 107~ indicating

a low intensity paramcter for immediate h-supply. The mezn

A ) B —7'
anmrtial activity ratio veclues ranged from 4.2 to 4.7 (N/L)aqo 2

and after cropping thc valuecs averaged 1.6 to 1.9 {M/L)%TO‘B

in these soils. The free encrgy valucs indicated optimum amount
cf availavle K in the soil. Thce values changcd with the crop
harvest; the depletiom due to uptake czused deficiency of
svallable K in these seoils. The initial values of & F ranged
from +3%190,96 to 3245.47 and cofter crop harvest it voried from
~3734,55 to 3871.90 cezlorics/equiv, Tie volues of A F werc not
correlat. d with uptake of K, clay, NHQOAC k and fixed K. The
initial values of labile K ranged from C,1115 to 0.1272 mc/10Cg
and the values after crop harvest ranged from 0,080 to G,083
me/100g in these soils. The labile K was less than the
rvailable K in all these soils, thus indicating the removai of ..
by crop from non-labile pool., i.zbile K was not correlated with
untake of ;. by plants but was positively correleteod with
available K. Depletion of non-labile h by plants is likely

to shrink the potassium reserves. The initial potential bufferivg
capacity values ranged from 22.48 tc 30,09 mes100g (N/L}é ang
after cropping the values rang:d from 36,75 to 45.42 me/10ug

/o .
[M'L)*. The values observed were lovw but intermediate te thosoe
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of high value of smectite dominant and low velues of kaolinite
domingnt soils. It is attributed to the deminance of illite
in these soils. The'low PBCk suggested the need for
K-fertilization to thesc.soils., The values did not reech tuc
level of significance with uptake of K by plant and was

positively corrclated with clay.

anqlusion:

The present investigation revealed informgtions of
zpplied nature which hitherto were not known in detail boesides,
bringing out some new facts into light about the soils of
Keshmir, There exist good reserves of potassium in Kashmir
s0ils but with better agriculture, these reserves which in
principle are not in exhaustable, may not kecp pace with the
hige removal of K duc to cropping and fruit production. Thus

the need for K fertilization.

The present study though first of its kind on Kashmir
s0ils necds further investigations in various soil zones with
Taia agriculture and horticultural crops so that many of the
mysteries of =0il peotassium are unreveled and a sound
policy is developed for efficient potassium fertilization
for accelerating agricultural production without unduly

«xheusting the potassium reserves of the soil,
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Appendix I. Morphological characteristics of soil
- : profiles from various zones of Kashmir.

L X T WP P

FProfile No., 1
Classification
Location
Physiography

Elevation
Vegetation

Parent material

Horizon Depth (cm)

Ap 05
B1 . 15-35
Bz1 35-50
B2zt 50-125
B23t 125-150

Profile No.2
Classification
Locaticn
Physiography

Elevection
Vegetation

Parent moterial

Pahalgam
Typic Hapludalfs, clayey mixed thermis,
Maize Research Farm

Mid slope of hills with moderate
undulations, 2«4 per cent slope.

220C m

Cultivated, surrounded by coniferous
vegetation,

Sand stone, shale, gneiss, schist.

Description

Light yellowish brown {10YR 6/4) dry, dark
yellowish brown (10YR 4/4) moist, clay loam,
medium moderate sub angular blocky, sligntly
hard friable, slightly sticky and slightly
plastic, many fine to medium roots, gradual
smooth boundary.

Light yellowish brown (10YR 6/4) dry, yellowish
brown (1GYR 5/4) moist, clay loam, medium
moderate sub angular blocky, slightly hard
friable slightly sticky and plastic,many fine fo
medium roots, gradual smooth boundary.

Brown (7.5YR 5/4) dry, dark brown (7.5YR &4/4)
moist, silty clay lcam,coarse strong sub anguiar
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/L) moist, silty clay loam, medium strong sub
angular blocky, hard firm sticky and plastic,
thick patchy clay skins on ped faces, diffuce
smooth boundary.

Pale brown (10YR 6/3) dry,dark brown (10YR 4/3)
moist silty clay, coarse strong sub angular
blocky, hard, firm sticky and plastic, thick
patchy &lay skins on ped faces.

Larmoo .. - o ,
Typic Hapludalfa, cleyey mixed thernmie
Erst of Ricz2 Reserrch Farm (200 m awzay).

Footl stope, terraced surrounded by hills.
1-2 par cent slope,
2200 m

Cultivoted, surrounded by coniferous
vegetotion.

Sand stone, shale, gneiss, schist,



Depth(cm)_

Horixzon

Ap 0-18

B1 18=70

B21% 70-120
B27t 120~150

Profile No, 3.

(i1)

Y

_Description _

Light yellowish brown (10YR 6/4) dry, dork
Yellowish brown (10YR 4/4) mol st, silty clcy locm
medium weak sub-ongulzar blocky, slightly hard
frisble slightly sticky and slightly plostic,
meny fine to medium roots, gr-dusl smooth bound :

Browr(7.5 YR5/4)moist, silty ¢k gmedium modercte
sub nngular blocky, sticky and plastic many
fine to medium roots, gradual smooth boundary,

Dark brown (7.5YR 3/2)moist, siltycl-y medium
modernte sub-nnguler blocky, firm sticky and

- vlaetic , few fine potchy clny skins on peds,

diffuse smooth bound-ry,

Dark brown (7.5YR 3/2) moist, siltycicy medium
moder~te subongulcor blocky, firm sticky and
plostic, thick patchyclay skins on ped foces,

Soncmarg

Clossificrtion Typic Argiudolls, cloyey, mixed thermic.
Location Meadow 1ond on the bonk of river Sindh.,
Physiogr~phy Unduleting uplond surrounded by hills
2-4 per cent slone,
Elev-tion 2600 m N
Vegeteotion Prstures surrounded by coniferous vegetotion
Parent mcterial Gneiss, schist ond slote,
Horizon Depthfcm) Descrintion _
Ap 0~20 Greyish brown (10YR 5/2) dry, very dork greyish
. brown (10YR 3/2) moist, clayloom, medium wedk
sub-2ngular blocky, soft friable slightly
sticky"nd slightly plrstic, mony m-dium coorse
roots, grodusl smooth boundary,
B1 20-60 Dark grey brown (10YR 4/2) dry, very dcrk
brown {(10YR 2/2) moist, cl-yloam, medium
modernte sub-cngulor blocky, soft, fricble
slightly sticky ond slightly pl-stic, mony
medium conrse roots, gr-dutl smeooth boundary,
B21% 60-90 Brown (10YR 5/3) dry, dork brown (10YR 4/3)
moist, silty cley loom, medium moderzte
sub=-~ngular blocky, slightly herd frisble sticky
nd slightly plastic, for thin patchy cloy
skins on peds, few fine roots, grodunl
smon~th boundory,
B22t 90-120 Yeilowish brown (10YR 5/4) dry, dark yellowish

brown (10YR 4/4) moist, silty cloy, medium

mod. r-te sub ~ngulcr blocky, hrrd -nd firm sticky
cnd plestic, mny thick patchy clay skins on

ped fnces, gr-dual smooth boundonry,



120-150

‘ofile No,&4
assificrtion
weotion
wysiography

gvetion
<getation

rent maoterial

(iii)

Yellowish brown (10YR 5/4) dry, dork yellowish
brown (10YR &4/4) moist, silty clcy, conrse
strong sub cngulcr blocky, hord and firm sticky
‘nd olostic, ma ny thick pztchy cloy skins on
ped faces,
Gulmerg
Typic Argiudolls cleyey mixed thermic
Pototo farm,

Hummocky uplend, terraced 2-3 per cent
slope,

2540 m

Cultivoted, surrounded by coniferous
vegetotion

Send stone , Conglomerate, schist,

.1 Depth(cm) Description
0=20 Light brownish grey (10YR 6/2) dry, very dark
greyish brown (10YR 3/2) moist, silt loam, medium

wenk subsngulnr blocky, soft frizble slightly
sticky oand slightly plastic, mony medium comrse
- roots, abrupt smooth boundory
20-50 Very drrk greyish brown (10YR 3/2) moist silt
lo~m, medium weok subnngular blocky, slightly
sticky ~nd slightly plostic, mony medium colrse
roots ~brupt smooth bound-ry,

50-90 Very d~rk greyish brown (10YR 3/2)moist silty

c

1oy loom, medium modernte subcngular blocky,

slightly hard frisble sticky ond plastic, few

t

hin p~tchy clny skins on ped faces, few fine

roots, gr-dunl smooth boundrry.
i3=150 Light yellowish brown (10YR 6/4)molst milty

C

loylonm, medium moderate sub-ngular blocky,

slightly hard, frinble, sticky nnd plcstic,
miny thick patchy clry skins on puds.

afile No, 5
:ossific~tion
'?ucation
ysiography
Toyetion
wetation
ent mrterial

Chondigrem (Sogom)
Typic Argiudolls clayey mixed thermic,
Forest 200 m awey from tourist hut.
Mid slrne of © hill with forest vegetztion
1900 n
Coniferous vegetation
Sand stone -~ shales.



(iv)

Horizen Denth(em) . Description
Ap 0-17 Dark, greyish brown (10YR 4/2) dry, very dark

greyish brown (10YR 3/2) moist, silt loam,
medium weak sub angular blocky, soft, friable
slightly sticky and slightly plastic, many meciuin
coarse roots, abrupt smooth boundary.

B21t 17-60 Brown (10YR 5/3) dry , dark brown (10YR 4/3)
moist,silt loam, medium weak subangular blocky,
slightly hard friable slightly sticky and
slightly plastic, thin patchy 0lay skins on ped
faces, many medium coarse roots, gradual smooth
boundary.

B221% 650=90 Yellowish brown (10YR 5/4) dry, dark yellowish
brown (10YR &4/4) moist, silty clay loam, medium
moderate subangular blocky, hard firm sticky
and plastic, many thick patchy clay skins on
ped faces, few fine roots gredual smooth bouncary,

B23t  90-150 Dark yellowish brown (10YR 4/4) moist, clayloam,
medium moderate subangular blocky, hard, firm,
sticky end plastic, many thick patchy clay skins
on ped faces,

Profile No, 6. Khudwani
Classification Ty-ic Ochragqualfs, clayey mixed thermic
Loceation Rice Research Farm
Physiography 0ld #lluvial plain, 2 per cent slope
Elevation 1700 m
Veget-tion Cultivnted, willows, Acacic,Poplars..
Prrent mrterial Alluvium

Horizon Depth(cm) Description _

Ap 0-20 Pole browvn (10YR 6/3) dry, dork brown

(10YR 4/3) moist, silt lo-m, medium weak
subongular blocky, slightly hord friable
non~sticky and non-plastic, mony fine to medium
roots grrdurl smooth bound-ry.

B1 20-40 Yellowish brovn (10YR 5/4) dry, dork yellowish
browvn(10YR 3/4) moist, cloyloam, medium moder:te
subongular blocky, slightly hard frioble slightly
sticky ond slightly plastic, many fine to medium
roots , groducl smooth bound-ry.

B21t 40=70 Yollowish brown (1CYR 5/4) moist cloyloom,
medium moderate subongulrr blocky frioble,
slightly sticky and slightly plastic few thin
pntchy cloy skins on peds, few medium foint
light grey mottles present, few fine roots,
gr2durl smooth bound-ry,



(v)

B22t  70-120 Brovn (7,5YR 5/4) molst, silty cloyloom,
medium strong subsngular blocky, fricble,
slightly sticky -nd slightly plastic, few thin
patchy cley skins on peds, many medium light
grey mottles (7.5YR 7/1), gr-dusl smooth

boundary,
B23t 120-150 D-rk brown (7.5YR 4/4) moist, silty cloylorm
* medium strong subongul-r blocky, firm, sticly
and pl-~stic, many thin p~tchy clay skins on
peds, mony medium light grey mottles(7.5YR 7/1..
Profile No,7 Nunor (Gonderbal)
Classification Typic Hopludnlfs clayey mixed thermic
Locntion Fodder Development Farm
Physiography 0ld olluvinl ploin 2-3 per cent slope,
Elev-tion 1650 m
Vegetntion Cultivoted, Ac~ciz, Poplars, Willows.
Farent moterial 0ld ~1lluvium,
Horizon Depth(cm)_ ~Description _
Ap 0=20 Prle brown (10YR 6/3) dry, dark brown

(10YR 4/3) moist, clozyloam medium weok
subangulsr blocky, slightly hcord. fricble
slightly sticky =znd slightly plestic,

slightly c2lcrn pgous, mony medium co-rse roots,
mbrupt smooth boundnry.

B21t 20-40 Yellowish brown (10YR 5/4) drv, dork yellowish
brovn (10YR 4/4 ) moist, clryloom, medium
moder~te sub-ngul-r blocky, slightly harg
fri~ble slightly sticky ond slightly plastic,
slightly cnlec~reous, thin few p2tchy clay
skins on ned foces, mony medium coarse roots,
gr-du~l smooth boundory.

B211t  40-75 Browvn (7.5YR 5/4) dry, d~rk brown(7.5¥R 4/4)
moist, silty clayloam, mudium modcrote
subongul-r blocky,slightly hard firm slightly
sticky ond slightly plrstic, slightly calc- repus,
mony thin patcy cl-y skins on ped freces, few
fine roots, gr~dual smooth boundory,

B22t 75-150 Brown (7.5YR 5/4) dry, d~rk brown (7.5YR 4/4)
moist, silty cl-ylo~m, medium moderate
submngular blocky, slightly h-rd, firm,sticky
-nd nlastic , mrny thin patchy clay skins on
ped frces.,



(vi)

Profile No,8 Shalimnp
Clossificoation Typic Hﬂp‘bdnlfs clayey mixed thermic
Location University Frrm, Horticulture Block,
FPhysiography Foot slope 2-3 per cent slope
Elevotion 1600 m
Vegetrtion Cultivoted 1lond, Popl-rs, Willows
fruits plants,

Porent m-terial 01ld alluvium

Horizon Depth(cm)_ . Description o

Ap 0=15 Light yellowish brown (10YR 6/4) dry, dork

yellowish brown (10YR 4/4) moist, silt locm
medium wenk subsngulnr blocky, slightly hord,
friable, slightly sticky ~nd slightly plastic,
mony medium conrse roots, ~brupt smooth bound-ry,

B21t 1545 Light brown (7.5YR 6/4) dry, brown(7.5YR 5/4)
moist, clrylo-m, medium weck subcngular blocky,
frinble, slightly sticky ~nd slightly plastic
thin few potchy cl-y skins on ped frces,mony
medium corrse roots, grodual smooth boundary,

B211t  45-90 Brown (10YR 5/3) dry, dork brown (10YR 3/3)
molst, silty cloyloom , medium moderate subangul-r
blocky, firm, sticky rnd plostic, thin few potchy
cley skins on ped frces, few fine roots, graducl
#n00th boundary.

B22t 90-150 Dirk greyish brown (10YR 4/2)dry, very dork
greyish brown (10YR 3/2)moist, silty clay,
medium moderate subongular blocky, firm sticky
and plastic, mony thim potchy clay skins on

ped foces.,
Profile No, 9 Padgampora
Classificotion Typic Haploquept fine silty mixed thermic
Location Agriculture Form
Physiogrophy Volley bosin - flood plain 2 per cent slope.
Elev-tion 1600 m
Vegetrtion Cultiveted, Poplors, Willows, Accciz
Parent mrterial Alluvium
Horizon Depth(cm) _ Description R
Ap 0-17 Light grey (10YR 7/1) dry, grey (10YR 5/1)moist,

silt lonm, medium weok subongulzr blocky, slightly
h~rd, fri~ble, slightly sticky and slightly
plostic, moderately calc-reous, many nmedium
coarse roots, gr-dunl smooth boundary,



(vii)

B 17 =85 D-rk greyish brown (10YR 4/2) moist,silty
clrylo-m, m.diutn wenk subongulor blocky
slightly hord, frirble, slightly sticky nnd
slightly plrstic, moderr tely czlcioréousy few
medium foint yellowish brovn mettles, mony
medium coorse roots, gr~dunl smooth boundory,

B2 85-110 Drrk yellowish brown (10YR &4/4) moist, silty
,  tlayloam, medium wesk subangulcor blocky, friciilc,
slightly sticky »nd slightly plastic, moderately

cnleoseous, few medium faint yellowish breown

mettles,
110 | Water ooging out
Profile No, 10 ' Handwara
Classification Typic Dystrochrépf,fine $ilty mixed therzic
Location Herticulturnl Nursery -~ Chogul
Fhysiogrrphy Alluviol fon with 2 per cent slope;
Elev-tion 1630 m )
Vegetntion N Fruit nursery plonts, willows, Poplirs
Prrent moterial Alluvium,
Horizon Depth(cm) Description
Ap., 0-17 n Prle brovn (10YR 6/3) dry, yellowish brown
. (10YR 5/4) m~ist, silt loom, medium weak

sub~ngulsr blocky, slightly hord,- friable,
slightly sticky »nd slightly plastic, many
fine to medium roots, gr-dunl sm-oth boundory.

B1 17<35 Yellowish brown (10YR 5/4) dry, dork yellowish
br-wn (10YR 4/4) mrist, silt loom, medium weak
subongulrr bloacky, slightly h-rd fricble,
slightly sticky ~nd slightly plastic mony fine
to medium roots, gr-dusl smooth boundary,

B2 35-85 - Dark yellowish brown (10YR &4/4) moist , silt 1o,
medium wenk subongulnr blocky frinble, slightly
sticky -nd plcstic, few fine roats, gradual
smonth boundary,

B21 85-150 Drrk yellowish brown (10WR 4/4)moist, silty

clnyloom medium m~derate subangular blocky firm
slightly sticky ~nd slightly plastic,

Profile No, 11 Topa

Clessificrtion Typic Hopludelfs clayey mixed thermic
Lac~tion Agri: Form

Physicgrophy Ploin uplonds 2-3 per cent slope
Elevetion 1700 m

Veget~tion Cultiv-ted, Prplors, Willows

Parent m-tericl L-~custrine deposits



(viii)

Horigon Depth(em) Description

Ap 0=15 Light yellowish brown (10YR 6/4) dry, dark
br-wn (10YK 4/3) m-~i &., cloyloom, medium
modernte subrfngular % ocky, friable, slightly
sticky nnd slightly plnstic, many fine to
medium recots, abrupt smooth boundory,

31 15=35 Yellowish brown (10YR 5/4) dry, dark vollowiasn
orown (10YR 4/4) mrist, silty clay l-oom, nediw
moderote subrngular blocky, firm, sticky ani
plastic mrny fine to medium roots, groducl
smo2th boundary,

1% 35=-60 Greytah brown (10R 5/2) dry, very dork, gre) iz
brown (10YR 3/2) moist, silty clayloam, mediun
moder~te subangular blocky, firm sticky ond
plastic, few thin patchy clay skins on peds, f.w
fine roots, diffuse smioth boundory,

322¢ 60=90 Dork greyish brovn (10YR 4/2) dry, very dork
greyish brewn (10YR 3/2) moist, silty clavlcan,
medium moderste subangulor blocky, firm, stic'.)
and plostic, many thin patchy clay skins on 2.cz
diffuse smr>th boundary.

23t 90-150 Yellowish brown (10YR 5/4) dry, dark ycilowisi
brown (10YR 4/4) moist, silty clay, mediunm
modernte subanguloar blecky, firm, sticky -nd
plastic, mony thick pantchy cloy skins on puds,

Profile an12. Koarewa Domodrr Farm
Classificrtion Typric Hopludolfs, clayey mixed thermic
Location Maire Reseorch Form
Physiography T-ble l-nds >f lncustrine depcsits, plein
2 per cent slope.
Elcv~tion 1600 m
Veget-tinn Cultiwnted, Willows, Poplars
Porent mcterial Locustrine deposits
rizon Depth(cm) Description
0=16 Pnle brown (10YR 6/3%) dry, drk brown

(10YR 4/3) moist, silt loom, medium weak,
subongulsr blocky slightly h rd, frinrble,slightly
sticky and slightly plostic, many medium coorse
roots, abrurt smcoth boundary,

16-31 Light brown(7,5YR 6/4 )dry, dork brown(7.5YR 4/L )
moist, silt locm, medium moderate subangulor
blocky, hrord, fri-ble, slightly sticky ond
slightly plrstic, mony m.dium conrse roots,
gr~dunl smooth brwumdnry,

% 31 =47 Dark brown (7,5YR &4/2)dry, and (7.5¥R 3/2)moist.
clrylo~m, medium modernte subzngular blocky
hnrd, firm, sticky »nd ;1-stic, slightly
c®lcarcous, few thin potchy cl-y skins on pod
fnces, few fine roots, grrdual sm~oth boundory.



1t 4797

2t 97=150

Profile No, 13.
Classification
Location
Physiograrhy
Elevrtion
Vegetrtion
Prrent moterial

rigon Depth(cm)

0=20
& 20=-50
1t £0-85
t 85=150

(ix)

Dnrk yellowish brown (10YR 4/4) dry, dork brown
(10YR 4/3) moist, silty clayloam, medium
modernte subongulcr blocky, hard, firm,sticky
and plastic, slightly culcareous, thick many
p~tchy clay skins on ped faces, grrdual smooth
bouwndary,

Prle brown (10YR 6/3) dry, brown (10YR 5/3)
moist, silty cloy medium strong subangular
blocky, h~rd, firm, sticky and plastic

lime concretions (2 mm), colcareous , many
thick clay skins on ped faces.

Pampore
Ty ic Harlualfs clayey mixed thermic
Saffron Farm
Locustrinede; osit,plain 2-3 rer cent sloge.
1600 m
Under cultivation, Poplars, Willows
Lacustrine derosit

Descri;tion

Yellowish brown (10YR 5/5) dry, dork yellowish
brown (10YR 4/4) moist, silt loom medium weck
subangular blecky, slightly hord, slightly sticky,
slightly rlostic, fricble, slightly calcaoreoug
many fine to medium roots, abrupt smmoth yﬁidépy.

Brown (7.5YR 5/4) dry, dork brown (7.5YR &/4)
moigst , silt loam, medium moderate subangular
blocky slightly hard, friasble, slightly
sticky nnd slightly plsstic, lime concretions
(2-5 mm), calcoreous, few fine patchy clay skins
cn peds, mony fine to medium rocots, gradual
smnoth boundery,

Brown (7.5YR 5/2) dry, dark brown (7.5YR 4/2)
m~ist silty cloay lnam, medium modernte
subangular blocky, hard, firm, sticky and
rlostic, lime concretions (2-5 mm), calcareosus,
meny thick roatchy cloy skins a peds, few fine
roots, grodual smooth boundary.

Very yale brown (10YR 7/4) dry, yellowish or-wn
(10YR 5/4) moist silty clay, medium moderate
subangular blocky, hord firm, sticky and ;lastic,
lime concretion (2-5 mm), cnlcareous, meny thin
Faotchy clay skins on reds




(x)

Profile No, 14, Koil (Pulwama)
Clanssificntion Ty-ic Horludalfs fine silty mixed thermic
Location Padgompora Pulwema road., Right hand side,
Physisgraphy Table lands of lacustrine degosit,(Kar@wz)
rlain, 2-3 per cent slope,
Elevation 1650 m
Vegetation Under cultivotion, fruit plants
Porent moterial Lacustrine deposit,
Horizon Depth(cm) Descrirztion
Ay 0-20 Light brown (7.5YR 6/4) dry, br-wn(7.5YR 5/4)

moist silt loom, medium weak subangular blocky,
slightly hard, frioble, slightly sticky and
slightly ylastic, moderately celcarecus, many
fine to medium r-ots, grodual smouth boundary.,

B1 20-50 Light brown (7.5YR 6/4) dry, brown(7:5YR 5/4)
moist, silt loom, medium moderate subangular
blocky, slightly hnrd, friable, slightly sticky
and slightly plastic, mcderately calcareous,
many fine to medium roots, gradual smooth boundar:-

B21t 50=85 Yellowish brown (10YR 5/4) dry, dark yellowish
brown (10YR 4/4) moist, silty clay loam, medium
moderote subongular blocky, slightly hard, firm,
sticky and plastic, lime concretion (2-5 mm)

calcareous, many thin pntchy clay skins on peds,
few fine rocts, abrupt smooth boundary,

B22t 85=150 Yellowish (10YR 8/6) dry, yellowish brown
(10YR 5/8) moist, silty clayloam, medium moderote
subangular blocky, hord firm, sticky and plastic,
lime concretion (2-5 mm), calcareous, many thick
clay skins on jeds.



Appendix II:

(xi)

Multiple regression eguations indicating the
relationship between forms of K and properties

of soilsg from varicus zones of Kashmir.

a) Water soluble K =

l

n

*%
7.271 - 3.458 pH + 0.216 organic cabron

+ 0.320 clay + 0.340 gilt + 0.424 sand RZ=0.3273%%

10,233 = 3.718%% pH + 0.31%4 clay + 0.333 5

eilt + 0,426 sand

42,64 - 3,840%% pH + 0,021 silt +
0.119 sand

42.90 ~ 3.812%* pH + 0.120 sand

b} Exchangeable K =

it

]

80.74 - 6,159 pH + 5.796% organic
carbon + 0.054 clay + C.288 silt +
1.022 CEC

95.89 - 6.348 + 5,560% organic carbon

+ 0,237 silt + 1.054 CEC

46.364 + 7.006%% organic carbon +
1.577%% CEC :

c) Non-exchangeable K =

d) Total K

"

6.207 - 31.456 pH + 40.44 organie
carbon + 9.887 clay + 8,040 silt +
4,437 sand + 6,576 CEC

470,79 - 34,444 pH + 40.920 organie

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 CEC -

422.32 + 26,564 organic carbon +
1, 24%% CEC

5156.,40 - 630.66 pH - 100.68 organic

carbon + 354,05 clay + 182.92 silt
+ 128.52 gsand - 161.67 CEC

R€=0, 3262%%*

RZ-0.3210%#
RZ=0. 3199#¥

2 -
R "-'-‘O ® L"CJBB*

RZ20.4835%%

R220.463L *¥

R%=0.3161%

R2=0.3153%
R2=0. 308G*
RZ=0.2082%

RZ2.G. o541 %

RZ-0. 3963w



(xii)

4543,28 « 544,91 pH + 356,06 clay + 5
182,93 silt + 123.69 sand - 168.7 CEC  R“=0.3959%#:

17645.54 - 639.96 pH + 233,29%* clay

)

+ 61.39 silt - 179.27 CEC Rgzo,quqfw
= 11784.93 + 231.79%¥ clay + 52.29 silt 5 o

- 105.42 CEC R€=0. 387 1%
= 14900,64 + 203,63** glay - 94,79 CEC  R%=0,3813#
= 13129.05 + 196.78%* clay R%=0.3657"%

#*% Significant at 1% level
# Significant at 5% level



