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CHAPTER X
INTRODUCTION

Water is indispensible for all life processes. In many

instances watex‘ie the limiting fgctor for crop prodﬁetion. Not

| only farmers an&'agronomistﬁ are intereated in problems réiating
to'sqil moisture, but ecologists, engineers; hydrologists and

others are also intereeted in soil moisiture. All have neaeded a

\
|
? | |
practical way of measuring soil moisture each with a definite
purpose peculiar‘to the problems each faces. Consequently, a
nunber of methqde of measuriqg 80il ﬁeisture are available.
Seil moisture modifies the propértiesvof the so0il in a
'humber'of Ways. Excess‘and’deficit of moisture c¢reate problems
which are not only entirely different bu§ which require use of
radically different management skills. One éspect of the effect
of moisture deficit was studied and.reported in this thesis.
| The object of the investigation was to find out how the

-ionic concentration of meoisture films changed due to a change in

the energy with which such films were held.



CHAPTER II
REVIEW OF LITERATURE

Wéteéwis éﬁéﬁ a commonplace substance that many of its
properties are taken for granted, and it ie assumed that those
properties will be more or less comstant under all conditiomns. This
is not, however, completely tzrue. The properties of water are
altered to a considerable éxtent by substances dissolved in it and
by colloids with which it is associated.

The composition of water is simple but still it is a'fairly
¢omplicated substance. In seientific terminology water is an

asymmetrical molecule. The centers of gravities of positive and

'neg&tive charges do not coineide, Due to this electrical ime

balance water behaves like a charged body having‘a dipole. Hence
it is & polar subgtance. It possesses a relatively high degree

of reactivity, has e high dielectric comstant and is a strong
ionizing solvent. The dissoeciation of water is éery small and

yet it is sufficient to bring about a variety of chemical reacti&ns
such as hydration, hydrolysis and others all of which are involved
to some extent in soil behavioer (10,‘14), :

.In the soil, water is present in pore space in the form of

thick films whose movement is chiefly governed by gravitational

foree and algo present in the form of thin films around the soil
particles whose movement is governed by inter-facial forces such

as surface tension. Briggs and his associates (3, 4) developed
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the coneept of caéillarygtubénhypothesié which considered the soil
“to be constituted Qf.numg;ous capillaries:of varying‘dimegsiongs
Bouyoucos (5 7) suééqsted;a;ﬁnewﬁ:classification of goil moisture
and for the firsi time introdﬁcgd4ph§fconcept4of“"unfree“:wat¢r,“
Buckingham (9 introduced: the.coneept:of using:eﬁergy‘rélation-‘
ships.to characterize soillmoisture,phenoﬁega{,.Accqrding to thig
| zcoﬁéept the amount offwater;in{the[sqil is a funetion of the energy
- with which wafer is held. ,The.energy,necessary to remove water
from the soil is.2 cqntinuoﬁs fﬁnctipn of soil moisture. n

- Phe introdﬁction of the:moye,fgndamentalAenergy concepts
in soilewater relationships has”helpe@;considerabiy, tg_explainﬂ
the movemgnt:esp@cially of unsaturated flow.. Due to the aﬁtrggtion
of ﬁhe,soil,for,ﬁafer-mqlecules, the latter are held by the soil
with a ce;tain“fqrﬁg.{,Aé the_goil:cpntains,ing:easinglyvg;eatex
amcungs of water;‘lessuenergy_is‘reqﬁired to remove such water.
But as.the moisture content in,the soil decieases,-morevenergy is
required to remove such watex¢.wThus,.at'loﬁ‘moistpre‘cpnt@nts the
scillholds Wateriwith,a ?elativély greater force. As the thickness
of moisture films decreases. the physica1 and chemical properties
of water will change. . . . |

Bouyoucos (5, 6)5f9ghd;from.th§ f:eezing point an&.dilato-

meter methods that a portion of water in the soil,did not freeze
et all even at tﬁe-extréme low temperaﬁure of =78° ¢, BHe concluded
from his experiments that all water in the soil does not exist in
- the same condition. He defined water which did not freeze even

at low temperature as wunfree" water. Mattson (18) also studied


https://function.of
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the form and péOperties of water adsorbed on clay surfages, Although
he did not appear io accept the "unfree" water concept, he explained
the phenomenon in terms of Donnaﬁ"diétributiono

Buehrer and Rose (10) have digcusaed.the properties of “bound"
water, It has been found that bound water possesses a number of
unngual properties as contrasted with those of liquid water in its
normal statei Buehrer and Rose defined bound water as that “water
which fails to freeze at =3° C" and continued to state that "bound
water must be looked upon ag that portion of the total water present
in a8 so0il which is held by forces of electrostatic orientation or
by capillarity, or in chemical combination, so that the properties
which characterize free water have been markedly reduced in ﬂagnitude".
“f"Thus,'bound water was found to have a dielectric consitant of cﬁny
2.2 aslcompared with a value of‘Bi for freeAﬁater.' "Its low
dielectric constent indicates a gr@atl&'reﬁuced polarity and there~
'-fore its solvent pdwer and dissociating action on salts and othgf
substances must be considerably less than that of pure water." {10)

Anderson énd Low (1), in recent years, studied the density -
of water adsorbad by iithium-, Sod;um;, and Potassium-Bentonite,
They found that the density of water decreased contivnuously as the
¢lay surface was approached. A% distances of about 10 X, the
densities of water on Liw, Naw, and E-Bentonite were 0.975, 0.972
and 0.98) respectively. 'ﬁheir date also showed that the density of
the water structure was less than that of pure water up to dlstancos

greater than 60 A but not exceeding 86 A.
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The studies cited shdwlthat fhg activity of water and hénce'
its polarity is definitely decreased when it becomes égsociéted with
the active surfééés of thexcollpidal éarﬁicleslby way of sorption,
chemical combination or'electrostatic attractiong- |
~_ The soil solution is one of;the chief sources oflnutrienta
to plants. Jenny's ;oot;contaét exchange theory has not replaced
this ¢oncept but{has only supplemented i%a The,coneentraéiOn of
the soil solubion at any.given moméﬁt isra result of the eguilib=
tium conditions existing iﬁ.the soillas_a result of the Méss
Action effects; The concentration is not always the same., Research
. hag shown that therefis ne sush thing as a definite or true soil
solution, EVaporgtion and piant growth continually alter the
water content of tﬁe scil. This in turn affeets the characteristics
of soil solution films both qualltatxvely and quantitativgly.
Hence the eomp031tionAof the solution films present in soils
" changes more or 1338 éontinually.' | |
It is generally believed that the solution arcund or in
immediaté contact with the soil particles is more concentrated than
the mass of the solution., This is largely based on the application
of the theoretical principles of adsorption by soil colloids, but
Bouyoucos (8) presentedveﬁpe?imentél evidence to the contrary.
By adding KCl solution to guartz floﬁr he obtained a lower freezing
point depression which he considered evidence that the solution
'surrgﬁnding the particles was more dilute than the bulk of the

- solution. In fact he used the dilatometer technique to identify



and determine "unfree" water which has reduced solvent power,

. Mattson (18) distinguished two kinds. of solutions surrounding

- elay micelle and classified them as micellar solution and the oute

side solution, From an application of the Donnan distribution of

ions beitween the micellar and the.§ﬁt§ide solution, he predicted
that the miceilar solu%ipn.would be:less concentraﬁed-with respect
to: free electrolytes than the’ outslde or intermicellar solution.
Thusg he: reported the gre&ter chlorlde concentrat;on in the. solutlon
phase~th&n>inquhegdiifusea10nwswarma1ayer surrounding the e¢onlloidsl
particle, - ...

. Drachev ahdﬁAlékéén&qua,(12§ino£iced an increase in soluble
potassiun and.phosﬁhaié-Wheﬁﬂihe méﬁgéﬁfe was!increasédi' The gon=
centration of calclum and nltrate decreased Wlth an 1ncrease in'
sozlumoasturegélf}:w;ﬂ ququjg_yth]tf;;#:

Martin én&jdhrisﬁié 617) sﬁﬁdiéd}thg‘wéterasdlﬁble5c0nsti¥ }
tuents.of.two_sqils:dfvvéfy différent type; namely, sandy loam and
silty elay'loam;;é%.four moistu£e.ccntghts.’ In both the soils thére'
was a tendencyffdr-the-depressioniof‘nitrate andlyotasaium at -
noisture conten§3~appfoaehing*the airédry condition.  The nitrate :
disappeared in:San&y loan under excess. waterfan&'pdtassinmi'caicium,
and: magnesium were also decidedly depressed.v

Kelley (16) studied the effecu of dilution on the waters’

‘soluble and exchangeable bages ol astkali solls in its relation 4o

the salt.toleranceaofvplantSav Dilution affected the dmounts of

water«<soluble sodium moreﬁthan w&tej-solhble~calcium and magnesium.




T
He found no marked effect of dilution on chloride and nitrate where=

as the amounts of bicarbonate and sulphate were markedly decreased

- by dilution.

Baton end Sokoloff (13) found differences in proportion as
well as absolute amounts of constituents in 1:5 aqueous extracts of
soils and in displaced soil solutions. ‘They found that in 3 saline

calcareous soils the dissolved calcivm and magnesium decreased on

dilutions They'éxplained this on the basis of cation-exchange res

dgction Whighftakéé place when the waber-soil ratio is increased.

in this exechange, cglciqg enters fhé édsqrﬁing complex and godium
is liberated. They Galléd this process "dilution gffect".‘ They
also obtaine@-#ighificant &ecreases‘in‘dissolvéd‘cplqride in 3 goils
on incregsing moisture_content.frgmifielﬁlmqistﬁre to.500%¢ Eaton
and Sokolofflekéiaihed the decrease in chloride "as a result of

‘unfree! watervihlwhich chloride salts were insoluble or less

.soluble than in ordinary water, so that chloride would become more

concentrated in the "free' water; with‘increasinglmqisture contend
the percentage.of ﬁnfree water of 'the total moisture would be
decreased and accompanied by a decrease in chlorides on the oven-
dry basis". |

Davis (11) found greater sodium chloride concentration in
the external phase than in the suspension of a.b;ntoniteéﬂacl
system.,

Reitemeier (20) studiea the effect of moisture content on
the dissolved and exchangeable ions of soils of arid regionse

Dissolved ions of six soils were determined at four moisture contents,



field moisture, saturation percentage, 200% and 500%. The ions:
'~ included galcium, magnesium;uammonium;,potagsiumg,carbonate-bicar—-
.honategksulphatev chloriﬂe,.nitraterand»phosphate. He noticed changes
in soluble contents of all ions in all soils as a conseguence of
dilution.  Potassium, sodium;:amménium;:carbonate;-bicarbonatey
phosphate and sulphate increased in:all.soils*WithAcorresponding:
increases in.meistﬁre.éon%emt;- Caleiuvm and magnesium.increased.
in four soilsnandudédfeésed‘eontinudusly in ones . He attributed
the increases i these eight ionsltouion-exehange end soludion
of solid compounds by addition&l-amouﬁtc“6fﬁwa£er; The deereases
in caleium and. magnesium have been explalned as a result of "dllution
effect”. Chlorldes and nltrates decrcased contlnuously in all soils.
Reltemeier explained these anion decreases as a-possible'resul%-of
the existence of unfree water, negatlve adsorption of monovalent
anions in neutral and alkalzne 8oils, or a combination of the.
two mechanisms.

- Mattgon: and Wiklander (19) have postulated that "negative.
adsorption” of anions may be due to either the existence of unfree
water which does not aet as a solvent or to a Donnan distribution
of anions between the lon swerm layer of & colloidal particle and
its external phase.

‘Reviewing the earlier work om the effect of moisture content

on the éoluble salts of various soils, Reitemeier (20) has summarized
as follows. "In virtually all cases, calcium, magnesium,. sodium,

potassium, carbonate, bicarbonate, suiphate, phosphate and silicate




incredsed on dilution"- Total nitrate may decrease-or ingrsase

- slightly. The usual net effect of 1ncrea81ng moisture is an increﬂse

in totgl-diseolved salts,"

Richards and Reitemei_g‘i (2'1') , discussing +he reliability of
the pressureqmemb:ane me%hod;for extragtion of soil solution,
hypothesized~that due to the surface activity of soil colloids in
which the exchanges of cations and possibly anions sre involved,

ionic concentratlon gvadlent are possibly establlshed over finite.

dzstances from the surface of the finer goil particles MAt.each:

moisture content a solutlon is obtalned which is representatlve

of’ that cordltzon. Tbey found in gener&l that the soil- solutlon

-.extracted by the pmessure~membrane procedure remdwned constant

in' composition’ durlnb the extraction. However, they point out thaﬁ'

-~though -the- mo‘sture fllm removed by theoe several methods is of.. .

homogeneous composftlon, the unremoved ‘portion maJ be af *ected-by
the“colloidallforce$; They h;gtedlthat.a possible answer, at
1éast in=Pa:t,ﬁmightiBe'fbunﬁ%fo:ithe dbqve guestion by a. further. . .
applicgtion'of}the'pfeésureHmembrané %eéhniquevinfélving-the
Wfractional steéwise extraction' of éolution at increasing moisture
ténsionsq'UThe work presented in this»thésis makes an attempt to

find an answer {0 this question,
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CHAPTER IIX
METHODS AND FROCEDURES

catioﬁs in the soil soiutions of soils of different

textures at various soilsmoisture tensions were determined after

extraating the séil solutibn by the pressure<membrane teehnique.

The study wes eonducted at the 8011 and Crop Laboratory, College of

Agrlculture, Unlversity of Tennessee, Knoxville, during 1959 1960,

The
gtudys
1.

/ 2 é

3,
4e
The

Expéfiment
The

~samples of

followxng ‘soils of diffarent tex«ures were selected for

Sequatchle sandy loam

Sequatchie loam -

Egam clay loam |

Emoxy silty cla‘y loam

soil samples werse collectad in and around the Agrxcultural
Statlon, KHOKVIIleg and represent surface 6 ingh layers.
aoils were. drled, and passed through a 2 mm sieves Subw-

each‘pfﬁtne fqur 90119 wers separately'treaﬁed with ..

normel solutions of calcium chloride, potassium chloride and sodium .

chloride to repiégéﬂtheﬂeatibna,‘and the respective Casésoil, K-soil

and Na=soil were preparedg"mhese prepared soils were used for the

pﬁrpose of

extracting soil solutions.

Preséuresmé@bfane apparatus has been widely used in soile

moisture studies. - The details of $he manipulations are described’

by Richards (22;'25). However, ceztaiﬁ salient points pertaining
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to the study ave given below.

- An amount of 250 gms of Ca-s0il was placed in the pressurce
nembrane apparatus and the soll was. pressed gently and firmly:to{
insure uniform contact with the memﬁrane. Distilled water was then
added to saturate the soil and alloﬁed»to remain for 3 1o 4 hours
to make sure that thé‘soi1-was thoroughly wetted. Exeess‘water.
wag removed by a pipette. . The soil was then subjected to increasing
pressures in a'stepwiSGrfashion.~“&t;the.stért a pressure of one
atmosphere was applied.*,After;thelgnd.of 12 hours the extract
that collected was removedy volume noted and the calcium content
determined by the-Beckmanub‘HJFlamé;Spectrophotometer.u.Qhenpressure
was thenvincreased'sudcessively.tp 35Ty and 15 atmospheres and

© the extracts were collected at the end of=every 12 hour period,.

- measured and analyzed as befere. Similar extractions were carried

ouf using Ke-soil and Naaséil~each.textura1 class. of solls and
the concentrations of the cations were determined as before..
Digtilled water was used for thaue#traction in order to avoid
complications due to the interactions of the ioms in tap water.

. Similar extractions were carried out from all the different
soils using neutral normal ammonium acetate a3 the extracting
liguid. - The extracts were analyzed as before. The cellophane
membrane was soaked in the extracting liquid, ammonium acetate in
this ease.

Amounts of moisture in the soils at the same iensions at
which extractions were dong, were.zlso determined by the pressuree

membrane apparatus as deseribed by Richards (23).
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The aralytical proeedures for :calcium, potassium, and sodium

~are given in Appendix 4,



.. CHAPTER IV -
~ RESULTS AND DISCUSSION

The'data regarding the guantity of soil solution obtained
by applying pressures from all the soils are presented in Appendix
B, o

The ob;ect of - the. study was to. find out how the concentrations.
of the moisture fmlms varieu due to changes in the energy with which
such films were held} 31fferent soiJS‘and extractants mizght modify
any concentratlon changes aris1ng beecause of 1ncrea31ng tensxon.

So the results are dlscussed separately to. evaluate the

effects due to. soils, extractants and tension although the dominant

factor of 1nf1uence 1n g1l these cases 1s soile-moisture. tension.'

The exaracting llqulda used will be smmply referred to as water

medium and ammonzum acetate medium for the s@ke of brev1tya

The Relation Between ‘the Pressure and. the Radius of
curvature of the Moisture F;lm '

.A‘ﬂThe.excesé¢pressure qn.ﬁhe conc&ve.sidé‘of-afliquid film
i&;depen&ent.on‘theﬂgadius‘of,eurvatﬁrétqf,the.surfaaefand on: the
sgrface tepsion of thevliQuid.4,This‘can:be calculated by the .-
following equatib#§“. v | . |
| - P ,&ﬁﬁ_”

_ T

whefe.P é.P:essure'iﬁside the film in dynes per sq. cm.

v

o

surface tension of water in dynes per cm. at 20° ¢.

r radius of curvature of the water film in cms.

1]
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'~ .. . - Since the applied pressure and surface tensions were known,
the radii of curvature of the moisture films at the various pressures
- -were calculated and are presented in Table I.. S

The Effect of Soil-Moisture Tension on. thevIonlc
Ccncentzatlon of Soil Solution
: Wéter:madiumd‘ The resultslare,pxgsented in Table II and are
shown’graphiaally‘in-figures 1 thréugh 7
i Data,from'mablé 11 were statistically analyzed and correlation
coefficients were calculated between concentration and soil-moisture
tension. Correlation coefficients forlthe_limitéd data may not be

too reliable, mevertheless, they have been calculated for giving

a more definite iQea of various relationshipsfthan.would be pogsiblé
by,mere’VisuaiwékgpgriSOn..The results are presented_in'Tablg,III.‘
Calcium, . A ﬁegative correlation of concentration with tension
was obseryed} As the soilw@pisture,tension increased the concentration
of the caleium in the ektradted séilﬁsplution decreased. ‘This showed
that the unremoved portion of the moisbure film was less and leas
,.congentrated,f The value of the negative correlation increased
-~ numerieally with the.textural change in the soil ffom coarse to...
fine, - |
Potassium. The concentration of potassium like the conentration
of calecium also deoreased with increased ténsion except in loam soil.
| §2g;gg. -Exgept in clayﬁloam there was e positive correlation

‘which indicated that the concentration of the unremoved moisture

-



. TABLE I

THE RELATION BETWEEN TENSION AND THE RADIUS OF
CURVATURE OF THE MOISTURE FILM .

Pressure Radlus of Curvature of the Mbisture

Atmospheres ‘ | Film in Angetroms
r .. 4000
3 . S - 4700
T . - 2000

15 )
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 TABLE II
' JONIC CONCENTRATION IN PEM OF WATER EXTRACTS BEIWEEN
. DIFFERENT TENSIONS FRUM SOILS OF FOUR TEXTURES
: '4 'So'il-ﬁzo'istiir,e
Seil | Tension Renge in o , .
Texture . . Atmospheres .Laleium _ Potassium _Sodium
’ ‘ ’ ‘,/}9".:(,, v /J(;;/Z /ff} c“-f'r/ .
0«1 22,5 162.5 132.5
- 1 -3 - 28,8 157.5 112.5
Sandy loan 3 .7 . 27.5 137.5  160.0
7 <15 22,5 130.0  190.0
0«1l 25,0 166.0 133,0
| 1a73 25,0 135.0 122,5
Loam 3w T ‘22,5 160.0 2100
7 <15 22,5 160.0 245.0
0 a1 33.8 - 190,0 220.0
1.3 25,0 151.3 155.0
Clay loam 37 2l o 13205 125.0
7 =15 18.7 137.5 125,0
. L 0=1 31,3 195.0 160,0
N . 9 l - 3 2500 175.0 18500
. Silty eley loam . 3 _ g 22,5 177.5  185.0
7 <15 16.3 172.5 180.0




TABLE III

| CORRELATION COEFFICIENTS BETWEEN TENSION
 AND CONCENTRATION IN WATER MEDIUM
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Seil A

Texture S Calciuvm ‘ Potassiun _Sodium

Sandy loam =0.31 - =0.94 40,88
" Loam  -0.84 40421 +0.93

Clay loam 0,85 ~0.70 -0,81

Silty clay' loam . =0.95 | . «0.69 +0e43
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Figure l--The cation concentration in water extracts obtained between different
pressures from a Sequatchie sandy loam.
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Figure 2-~The cation concentration in water extracts obtained between different
pressures from a Sequatchie loam.
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Figure 3-~The cation concentration in water extracts obtained between different
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Figure 4--The cation concentration in water extracts obtained between different
pressures from an Emory silty clay loam.
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Figure 5-~The calcium concentration in water extracts obtained between dif-
ferent pressuresifrom all soils studied,
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Figure 6--The potassium concentration in water extracts obtained between dif-
ferent pressures from all soils studied.
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Figure 7--The sodium concentration in water extracts obtalned between dif-
ferent pressures from all soils studied.




(3%
wt

" film increased with tension.

Ammonium acetate mediums Results are given in Table IV and
presented‘graphigally in figures 8 through 14, Correlation coeffls -
,Qiehté~héﬁéféié§ihéén;caléulatéd and are given in Table Val .

| - A negativé cOrfelation was ohserved -in all soils and for
21l %the three catlons. ‘”he.degree of éorrelaﬁi0ﬁ increased #sltﬁé
tex ture of the soil chenged from coarse to fine, |

The relatlon of tension and cencentratlon was similar in
both the extractlng llqulds w1th the exceptlon of sodium.v

.Reitemezq?yﬁzq) extracted soil solutlon from algampleuqfa
Heaperia san&y:l&émiatjtﬁé-liquid pqigﬁ.(upper plas%i@»limit) by
the preSSure-meﬁﬁfane ﬁe%hod and-analyééd the solution in six’

fractions. He nothed decreased concentration in the 1atter part

of the extractldi; ad 1ndiﬁa+ed that ‘as. en evidence fhat the."oubpr"
soil solution was more "oncentrated than that nearer the 9011
particle;

The re@ultsfpresezted are 1n uO“fG“mlﬁy wvth the concept

of bound watar or unfree water. As the 3011*m01sture tension
increases, tae thlckness of the mozsture film decreases.‘;water

' present under suﬁh"hlgh;tenslpn is regarded as bound or unfree.:
It has been found that such water has a lower solvent power. The
amount of adsérbiﬁé suffaqe present in;a soil also determines the
amount of'bound‘ﬁater;present:undgf the prevailing conditions.
Thus in finer tex%ﬁréd soils fhe'améunt of bound water present
would be more thaﬁ‘ip gandy soils. at- the same tensioun. So the.

docrease in congentration would be greater in the finer textured
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IONIC CONCENTRATION IN PP OF AMMONIUM ACETATE EXTRACTS
BETWEEN DIFFERENT TENSIONS FROM SOILS. OF FOUR TEXTURES

Soil-moisture

1050

Soil Tension Renge in , .

Lexture _ Atwosphéres Galedun Pobtassium Sodium
0 =1 1550 1950 1250

1.3 1150 725 00

Sandy loam R 1150 - 875 625
7 «15 1275 825 675

0 -1 2050 2450 1575

. l1-3 1275 1000 1100
Loam 3.7 1250 1000 925
1. =15 1150 AT5. 675

0«1 3000 2500 2200

NS 1-3 1375 2150 1350
Clay loam 5 -7 1200 1825 1175
’ ' 7 =15 1050 1450 875
| 0=-1 2000 3300 2150

e 1 -3 1225 1550 1100

~ Silty clay loam 3 -7 1300 1875 1025
: 7 =15 1150 . 675



https://SOILS.OF

TABLE ¥V

CORRELATION COEFFICIENTS BETWEEN TENSION AWD CONCEH“RATION
IN AMMONIUM ACETATE MEDIUM

Soil Calcium Potassiun Sodium
fexture : ' : ‘
Sandy’ loam -0.33 =0455 <0.55
Losas ~0.69 20,69 0,89
Clay loam «0.70 «0.97 «0.83
8ilty ¢lay loanm -0.67 ';6.?7

“0-80
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Figure 8--The cation concentration in ammonium acetate extracts obtained be-
tween different pressures from a Sequatchie sandy loam.
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Figure 9--The cation concentration in ammonium acetate extracts obtained be-
tween different pressures from a Sequatchie loam.
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Figure 10--The cation concentration in-ammonium acetate extracts obtained
between different pressures from ‘an Egam clay loam.
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Figure 12--The calcium concentration in ammonium acetate extracts obtained
between different pressures from all soils studied.
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Figure 13.-.-The potassium concentration. in’ ammonium acetate extracts obtained
between different pressures from all soils studied.
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considerable solvent power and therefore is in a higher free energy
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soils than in coarse.and mediim textured soils. The low negative
correlations obtained in the coarser textured soils in this study
indicates that e#en the low amount of water present in them has

gtatey

Comparison of Changes in the Congentrations of the Cations
in the Two Extracting Liguids
The changes in the concentrations aa they occurred with
decreasing thickness of the moisture films were compared by cale

culating correlation coefficients between the cations in water

- medium and the cations in ammonium acéetate medium, first, separately

for each soil and second, for all soiis considered together. 9he
data are presented in Table VI.

Galcium. Except in sandy loam, there was a positive correla-
tion in all the qther cases. The changes in the concéntration of
caleium with ineréasing tension were same in both the extracting
liquids., In this case also the corieiation increaséd numericaelly
a8 the texture of the soil progressively changed to a finer texture:

When all the séils were consgidered toge%her éhe correlation
was poaitive indicating thaf for both the solvenis the concentration
of ﬁhé liguid nearer the adsorbing surface was léss and less cone
centrated. Both the solvents gaﬁe similar results.

Potassium. In all the spiis taken separately and together'

the correlation was positive indicating the similar effects of both
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TABLE VI

CORRELATION COEFFICIENTS BETWEDEN THE CATIONS
"IN THE TWO EXTRACTING LIOUIDS

!
Ca in Weter vs K in Water vs Na in'Water Ve

Soil Ca in Ammonium ' ‘K in Ammonium = ¥Na in Ammnoniunm
Texture Acetate - Acetate Acetate

- Sandy loam «0.79 T 0659 o " w0427

Loam " 4+0.64 C o ;40t46"~*ﬁ’ ’ -Oy82

Clay loanm 40,97 - U +0.87 0 40,99
©Silty Clay loam +0,86 - +0499 - . «0,88

All the soils

considered

together  +0.69 | +0.60 <0.33
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the solvents as noticed with ome exception in the case of calcium.

Sodium, - It was pointed out earlier that except in clay

 loam the concentration changes with increasing tensions in all

- other goils differed in respect to the solvent used. There was a

ﬁositive'odrrelaiiOﬂ betﬁqen_tension‘and-deﬁcehtratioﬁ when water
Wés-thé extractant and the reverse when émmqnium'écetate Wés-the
extractant. However;, in clay leoam there was a negstive correletion
in-bcih cases.

‘Thus in the éasés‘of‘ealcium with one exception and potassium
in ali the soils and sodium' in clay lozm both solvents had similay

effects, -

_ The Effect of SoilsMcisture Tension on the Concentration of the Soil

E Solution af All the Soils Ccnsidered Togcther

In order to koep the 8011 xactor constanu and assess tbe
effeet due to tensmon a11 the 50113 were consadered together. This

may be called ten31on effect. Thus correlation coefficlents were

calculuted between tens:tcn and coneentration in all the so:.ls COnR™

sidered together and preeenﬁ@d in Table VII.

| Calcium. The negatlve eérrelat:ons in both ﬁases‘showed that
irrespectlve of the 3011 or the extr&ctant used, the concentratlop
of the m01sture film also decreased as the thickness ef the molsture
fllm decreased. - | | | |
Potassium‘ The negatlve correlatlon in both cases in the

case of potaasinm showed the same trend 88 in calclnm.
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TABLE VII

CORRELuTION OOLFEICILNTS BETWELN TFNSION AND coucnmw&awxox
(ALL THE SOILS CONSIDERED TOGETHER ) :

Extractant. ., = Calcium ,.i ~ Potassium . Sodium

Water  =0.69 -0.41 | +0.34

Ammonium acetate «0.55 =0,59 ~0.69
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: Sodlum. There was posz%*ve correlation in wa+ar medlum and
negative correlation in ammonium acetate medlum. L
. The correlation coefficzents of the three cations in the two
4extrdctants revealed an 1nteresting trend. . When watev was the |
extractant fhe greateot coneentration deerease (highest negative
correlation coefficient) of the unrmmoved portlon ef the moisture
fllm ocecurred in the case of calcium followed by potassium and
sodlum. However, sodlum ﬂoncentratlon *ncreased. This trend was
raversed in the ammonium acetate medlum. Sodium showed -the greatesa

concentratlon decrease followed by potas ium ana calclum.. :

Tension and Soiléﬁbisfure-Relationshiﬁsj

B The data rcg&rdlng the m01sture content of the SOllS au..
varioué ten81ons are gzven in Lable VIII, and uhe relation betwecn
amount of soil mozsture and 5011-m01sture tanglons are presenteﬂ .
graphlcally in flgures 15 through 18. | |

| ' In all four texturally differenﬁ soil types the moisturew
'content in the ca~501ls at uhe aifferent ten81ons was: hlgher
.than m01sture content at equal tenszons in the Ha- and K-loils.

| | Thomas (24) studled the effect of varloue replaceable bases

on the vapor pressure curves and found that the K-, na- and NH4'

PR S

saturated 30113 a&sorbed 1ess water than H— and Ga-saturated
samples at 1ow vepor pre sure.l He attributed the peculiar behavmor
of sodlum to the greater disper51on and swelllng at hzgher m01sture
ccntents. | o N N R -

. Baver (2) has presented data i whlch ‘the hygroscopicity
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PABLE VIII

'MOISTURE CONTAINED IN THE SOILS, AT VARIOUS TENSIONS
RESULTS RAPRESSED AS PERCENTAGE ON OVEN DRY BASIS

aat

Soil-moigture

TSoil Tension in Ca=s0il. Kesoil Na-so0il
Texture o Atmospheres L . ,
1 22,4 19.4 - 19.4
7 L.
Sandy loam . .. .. ; | | ,1212 , | gg _lg.i
15 5.5 4i5 5.2
1 U 24.T 2446 25.5
I ' 5 12.7 11.0 11.8
Loam: 9 8.0 - 7.6 Tiie
‘ i 38,2 3341 37.1
: : 3 2%.5 21.7 . 2245
Clay loam 7 | 15.8 15.4 16,1
‘ 15 ’ 12,6 10,9 11,8
- 1 27.0 23,5 ' 24.2
--§ilty clay loam ; ;g’g .}gji | lg%g'
» ST 15 8.5 8.0 8.4
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increased acéér&iﬂg‘to'ihe-follbwing’éériésﬂat 99.8% relative
humidify: Li:,Na:>H:>Bé:>Ca:>K and gt a relative bumidity of 74.9%
according to the following :se.ries‘i - B> ea> Li} Fa> Ba> K. "The
peculiar behavior. of the soﬁium,ions is explsined on the
basis that at low vapor pressures thg,déhydrated:Na-clay.eontains
g large number of pores that are too small fof the eﬁtranee;of,
water moleecules. fa=clay, on ﬁhe-other hand, is more open and is
able to absorb more water. . At highér vapor preséures; the Nae
clay swells and greater amounts of water are sdsorbed than in the
Ca-system," (2)34

| Jenﬁy (15) considers the relatlve gize of the. ion as & . .
:conuributing facuor in the hydrat&on of alumin031licqtes. Aecoiding
"to Jenny there are cavities nresent which are fllled by the adsorbed
iong and water. molecules. The amounL of space in one-cav;ty avail-'
.able to wafer molecules depeﬁds on the ﬁuméef and sizé of the ibﬁ%
within4the-cavity. If the ion has - smaller crystal lattice radii,
the amovnt of spoce avallable for water molecules is greater.

Hence according to Jenny's concept the hy&ration of dlfferent

«clays would occur as follows:
B> He>K

: " MgSCa>Ba .

Results in Table VIII show %that hydration occurred in the

order G@:>Na;>K; This order is in agreement with Jenny's concept.



CHAPTER V
SUMMARY

Zonie concentration of so0il water held at different. tensions
was determined after extraction of the soil solution by the pressures

menbrane technique., Four soils. of different textures i.e sandy

loam, loam, elay loam and silty clay loam were selected.

Soil solutions were extracted at 1, 3, 7, and 15 atmospheres.

~ Distilled water and neutral normal ammonium acetate were .,

'“uéed‘as,ﬁhe'extracting liquids.

© The results were:

”:I)H.The_icnic qdncentration of goil water extract decreaséd

. .ag: the thickness of the moisture film decreased with inc¢reasing . -

soil-moiature_ténﬁiéﬁa;}.' Q,y jf wl‘-ufﬂ
.2) The results in. general conform to. the ‘concept. of bound

water or unfree water present at the adsorbing surface which is

reported to have ¢onsiderab1y reduced soclvent power gompared to - -

free water,

3) A greater decrease in concentration which may -have ‘been
caused by a largér-quantity'of=bound'water ocgurred in clay loam
and silty elay loam. The larger guantity . .of bound water may perhaps
be due to their higher colloidal dontent.

4) ~In all the soils and in both solvents the concentrations

“of calcium and potassium in the extracted soil solution decreased

with increasing soil-moisture tension. .
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5) The concentration of sodium decreased in all the. soils
in ammonivm acetate medium whereaslit decreaseduin clay loam a2léne
in water me&iumu-
£) 1In all the different textural classes, moisture in the
Cawsoily, expecially at high tension, was always higher than in the

. Na=soils and K-soils,
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 APPENDIX A

TLAME SPECTROPHOTOMETRIC ANALYSIS OF THE EXTRACTS

Standa@& solutions of Calcium, Potassium and'Sodium as
chlorides were prepared in two mgdia:,‘l) 0,05 HC1 and 2) Neutral
nornal ammoniﬁm ncetate. . Analyticalyréagénts were used in tﬁis
study. Separate calibration curves for the atandard solutions
were preﬁared by using Beckman DU Flame spectrophotometer equipped
ﬁith a photomultiplier atf&chment.b‘Thejfollowing wéve lengths of
4227, 7665 and 5893 Angstroms were used for calcium, potassium and

sodivm respectively.

Analysis of the Extract

Water medlum:' A caieulated anount of 4 N. HCl was added to-
the extract to brlng ﬁhe normality of the extraet to O 05. 4 small
portlon of thxs eeract was used to determine the eations by the
speetroyhotometer. Erom the reading-obtaine& the concentration was
directly read off the:caiibrafién.curves\pfépared earlier. |
| Ammonium aceiate medium: A small portion of thé extract

wap used directly to determine the cations and the concentration

_ found as in the water medium.
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Tension Range in Water Yediun
_Atmogphere '

VARIOUS PRESSURES FROM ALL THE SOILS
Soil-moisturse

MILLILITERS OF S0IL SOLUTION OBTAINED AT

Soil
Texture
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Sandy loam
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Clay loam
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Silty clay loam




