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. INTRODUCTION



Chapter 1 INTRODUCTION

Plants axperiébce diffiaulﬁy in meating its oxygen
raquiremert under certain soil cendiiians.-‘Lagk of oxygen
may be ¢reated due to either higher bulk density ox excass‘

wator. Wiresum (1960) found that & very high water table .
| limited availability of oxygen and lack of oxygen is gpc basic
 cauge of poor nutrient uptake. | |

Soil air is one of the five méjnr components of soil
mass vigz. soil air, soil water, organic matter, mineral matter
| and living phase of soil. Fifty per cent soil mass is oécqpied
by air of which half is filled with liquid phase of soil.
Thus tho O, present into thu soil oir is taken up by the plants.
- Adsguate aeration in soil is also imporbtant for living phase
| in soil to carry out thoir functions in a better way. '
Plants teke CO, in day and evolved O, and reverse is the
process at night. Plants also take O, from soil. Evolved CO,
ds important in respiration and photosynthesis in plent and
- in this way oxygen balénce'is maintaingd in nature. Exchange
02’002 and. O, between living organisms, sail and gexial

atmosphaxe is called "g0il aeration. ‘

Now it is essential to maeasure and charscterize aexation
~ status of goil. FPlants grow well in adaquate;y aerated soils
 (Hussel, 1961). Artificial aeration of plantsﬂgraking in soil |
may be beneficial even though analysis indicates minor



: diffexan&as in the compasition of aﬁmoaphéras arpund aerated -
and nonwaerated roots (Boicourt and &1len. 1964}, Artificial
aeration may depress plant growth (Andexann and Kenper, 1964).
Hg:aov@wt xesulta,of soveral field experiments have failed to
show that critical O, levels exist at anyftima~in'th@ soil when
compared to critical levels establiahsd in cnntralled studies
(stolzy,g:.g;. :.sm) | .

‘ in other words, soil aeration is only one of sevaral ‘
important facets in the study of plant bébavioﬂxi»nnly one link
in the chain-afvcause and effect., Plants}cannat move to a

more favourable climate and hence they are %totally dependent

on their environment for xapid flux of energy and matter thraugh
a highly pemeabla epidamia.

Tho aiz-filled pores in soils axe the channels for mass
‘-zransfer_af‘wat&t and gasaes. The amount Qf‘gare,space dizectly
control the movement of air and water in énil‘which in tumn
directly affaects othexr soil physical ptopa:tias and plant gxowth.
‘Iha amuunt of pexcolations and therefbre of leaching and

. arosion 13 related to the paxoaity of the sail so it is esgential
to meagure the affectivu pore space as wnil as the tutal

pore space.

Bulk density which is one of the most commonly used
indices for the évaluation of soil physical conditions for any



given spils, can be eoxralated with watai transmission
charactoxistics and also with the strength (Pearson 1969,
Rao gt ale 1973)» A knowledge of bulk density ond pore size
distzribution is important for judging the effect of soil
compaction on the aexation porosity and the amount of watexr
5toreé in the soil. . ‘

The deficiency of oxygen in soil air slows down the rate
-of miczobial activity. Decomposition of bxgan;é mattex is
related and nitz&ficatian arxresteds. 1t aisa changas the type
of microorganisms funciioning in the soil§ Aerobic organisme
.gadn the upper hand when the oxygen supply is low and thus
alter the nature of decomposition of bothlnitxaganaus and
non-nitrogenous substances leading to putéeiasﬁiva and other
undesirable fermentations. '

The sccumulation of carbon dioxide in the soil air is
also injurious to plant growth as it axer§SAa tax&c actionn\
Excass of (O, also :eta:@s tha gezmin&iiqa;of geods, Hence,
it is essential to remove the gas as soon &s xz is formed or
at least not to allow it to accumulate beyaﬁd ﬁangamaus
proportions. Sodl aeration thus helps to mapleniﬁh the
supplies 65 oxygen lost from the soil aix and to facllitate
the escapa of carbon dioxidoe from the soil poxes. Scientists
auggested that potato, cotton, tomato, tobacca. liaseed. tea



- and legumes require specially high soil ageration. Grain crops
are intexmediate in oxygen requircwment, while aquatic and
somi-aquatic plants like rico are able to tolerate lack of

501l oxygen to a greatex éxtent.

Insufficient aeration of the soil also lcads %o the
dovelopment of plant discases. Wilt a very common fungal
disease of plents, is attributed to defective 3eratién brought
about by the water-loyging of surface soils. Uieback of
fruit trees (citrus and peach) is also a zesult of insufficient
_aeration in some ceses, espacially in heavy solls. FPoor
aeration also resuits in the development of toxins and other,
injurious substances such as dihydrosysteoric acid, reduced
forms of iron and menganase etc. in the soil. It also lsads
to the accunulation of organic acids such as butyric, lactic,
acetic etce in ;oxis guantities. lHence proper a@&atian of the

s0il is very essential for succoessful crop production.

Anothexr impoitant aspect of soll aeration is the ease
and xepidly with which the exchange of gases tskes place.r
The exchange is quiﬁa rapid in sandy soils having larxge pores,
while:it is slow. and sluggish iﬁ clayey and other fine textured
50ils whose soil pozes, even the nonecapillazy pores, are few
in number and small in size. dn such solls, although the total
air space may be adequate, it may not allow rapid exchange of

gases between the soil air and atmosphere. The maintenance of



poorer crumb structure having laxge aguyregates is of vexry
great importance in these s0ils so thot it not only possesses
a larger volume of non-capillary pore-space, buk also
facilitates the rapid movement of gases into and cut of the
50il pores. Texture and structure thus control éh@ air content

0f the s0il as well as the rapidity with which it is renewed.

%ith the above observation it is essentiel to find

answers £0 the "problam of soil aeration”.

Present invaestigation is undertaken te meet the following
ohjectives:

1) To study the relation between porosity, bulk density

(toxture}, ard water content.

2) To know the pexcolation rate of water by judging the

drainable poxvusity.

3) Hetention of water by judging the capillazy cepacity of
Sﬂil .

‘4) . To determine pore size distribution, pore size density

and effective saturation.
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Ghapter 2

Many investigatoxs attempted to Ffind the‘waiatianship
between buik density, porosity, oxygen diffusion rate,
capillaxy and nonwcapillaxy capacity of soil, water retentivity
of soil viowed from time to time. Various methods of computing
these physical paxametérs of soil haée been suggested.
Partinent literature has been surveyed and prosented under the
following heads: | ‘

2.1 Capi@&aév and aexation porosity.
2.2 Porosity in relation to bulk density and watex retention.
2.3 Oxygen diffusion and porosity. |

2.1 C

Leathexr (1915) reported thot the soil mass contedns
S0 per cant poxe space anl 50 pex c@ntiéolié.paxtiﬁles. The pore
-spaca is occupled by wataer and air. The quaﬁﬁity‘af sach of
these tu07c§mponenta var;ea,gonsiderebly,'nét,oﬁlg‘fram soil to
s0il but also‘according to‘soil,aqbditians."'ﬁg;m@nticned that,
the air content of the soil decreases as moistuxe content

increages. Moisture held is found to be more in capillary poxes.

| Léamer and Lutz (194031measured_p§xe 5$zeyéistsihutioﬁ,
in the soil by applying tenaion ogual %o the capillary tension
forces devoloped in the soil and concluded that thexe is no
relationship between the total porosity and the effective pore



&

spaces Thare is a direct xelatianship betwoen effective
' poz@ space and permeability.

1 Russel (1949) caneludsd thaeithe’aix4pynnbms£§z ié‘
suitable for use in the rapid detexmination of soil §9353“?’,
in the figid. When it is realized that the t;um'denszty.
maistuxé contént and he:sentage‘aix filléd pozras cab ail be
‘determined in the field at the-ratg‘that is~1§r@9&y detexmined
by the time required to také the ong sample, the potentialities
of aix‘éyénameﬁgx a@s an aid %o the field evéluatian of soil
physical properties became evident.

'Rao and Ramacharlu (iéﬁﬁ} studicd the chenges in poiosity
of so0il upon heating by emplbying:the tonsiometer technique and
the tension‘watéx and pF-zelations viere further situdied.

From the tension relations water curves, the patansiza '
distribution in the differant saila vag obtained. |

Black (&957) :eported that decxease in g@wmsity due to
equivalent decrease in water suction depended on the particle
and aggregate sizes. They reported that air porosity may be
even less in fine than in coarse textured soils at equal suction
water contents. Greatexr decrease in air pozrosity of soil with
small agg#@gates,than in soil with laxge eggxégates as soil
water increased. |

Epstein and Kohnke (1957) showed that ag‘ané Gﬁa ¢hanged
when porosity of Sidell silt loam was peduced by moisture o -



compaction. ligh moisture content, ca@pacti@ﬂ and application
of @rganic matier aéprass@ﬁ'az levels and elovated 602 levels
gt the 8«inch depth. Leo (1963) r@peried thét.sails/vazy
considerably in air porosity from disturbed %o undistuzrbed

s0il sampla. | |

Brooks and Corey (1964} used soil water d&saxpuién
criteria in their analysis of the hydraulic properties important
for drainage, but they attempted té separate pore«size '
distribution and water desorption charactegistics. Two soil
properties appear to be of particuler importance. The first is
the bubbling pressure of sut¢tion et which sir begins to enter
soils. Fine textured soils ésually have high ﬁabblaﬁg pressures
and therefore comparatively low air and water permeabilities.
brainage of these soils is often slow. Thoe second lmportant
hydraulic pruperiy is pore size'&istributiaﬂa At low suctions,
soiis with a wide range of pbre size distribution may contain
more water than soils with uniform pore size, At the axireme,
80ii with & fow large pares.ﬁili still be esseontially saturatea
at pelatively high suctions or heights above the gtatic water
tables.

Grable (1964) studied with undisturbed soil sample end

showed thaot increase in clay contont increases porosity of soil.

Aljibury end Bvans (1965) showed that airz pormeability

at 100 cm suction and water permeability were equal in a number



- of disturbed and‘undistu:had s0il samples. Air porosity in
the various soils ranged from 6 to 30 per cent at 100 cm
suction. At highai suat;ans, air pexmeoabilily insﬁeased greatly
in fine textured soils but not of all in coarsc-textured soils.

Vomooil and Flocker (1969) indicated that one of the
principal deterimental effotts of combécﬁian.af.iblaw loam was
raduced aggregate weter stability due to decxreased aggregate
stability and it also resulted in greater tenaile strength
pﬁxaﬁiﬁyq | “ '

Varade and Ghildyal (1967) xoported that soil campaction
occurs at the cost of macroporxc decrease.

Curric (1966) measured the air porosity of crumb by

_ using simple apparatus by liquid éisplacemaatl. Sail-ézumb
porosity is measured by saturating 3’tn 4 9 $ampLaﬁ,af cruanb
with kerosene, measuring the weight of keroscne retained
internally, then measuzing their volume by displscement.

Crumb porosity is proposed as a measure atxucpuxal status for
sai;a hacaﬁée it assesses the degree to which soil management -
has succeeded in holding the constituent primary particles epert
from the positions of inherent closest packing that they would .
- uWltimatoly assume in an unstable soils |

Tripathi and Ghildyal (1979) evalusted pore size
distributionxﬁy different methods to calculane the hydraulie
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conductivity of soil. A mnpéri&én of measured and calculated
hydraulic conducti\}it_y of Phoolbagh cl:ay I&am,_ deni silt clay
loam and Haldi loam soils of Pantnagar fam is presented.

The calculated canductivities by the predictixre methods agreed
closely with the measured valuea in the temas.omemr mnga.

-while at higher suctions the pore size distribution methods
undexestimate the hydraulic conductivity of the soil.

The modified pxoceduxe of Marshsll (1958), Millington and Qurick
(1999) method suggested by Green and Coxey (1971) conforms |
closely with the experimental vaiues' and was Eﬁuﬁ@ to be superior
to others. The computational scheme of Marshall with matching
factors also resulted into better agreement with measured values.
of hydraulic conductivity as compazéed to k’iiil.i,ngtmﬁ é.nd Quirk,
method with matching factor and its modified Eém by Kunze et al.
(1968) . For routine work the camputational éehem of Green and
Coraey (1971) can be used ssfely, especially for light ﬁextumd ‘

s0ils .

2’2 p [) ' '_ :

Sudds and Drowning (1941) studiod the relationship between
bulk dsnsitv and aix porosity and coneindad .tha'a poxosity and
. bulk density era closely related w:x.th eath other and opinod that
increase in bulk density decreases porosity.

Parrier o} .eg.,- (1959) reported that bulk density and
porosity of some soils must be corrected for soil moisture content.
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white (1962) found that the bulk density and porosity of

Piexre clays depend on the voluse of éoil sémplqs, Pb:asity

of clods was less than that of tho pxofile as a whole because
of desiccation voids formed batween structuial units., Afhe
laxryer the structural units in soils, the l#rgg:.sail samples
must be for accurate mwasurement of porasity? Thua the typ0

of aample used can gteatly influance measu:@d.values of porosity
in some sails. ‘

Fbx (1964) oxamined tha :elation of hulk denﬁity and
soil water in a swmlling 8041 Bulk densiti@s and associated
| moiature contents were measurod fxum;@ to 3 inch and 6 to 9 inch
depths fox a ranga of moistura cententa fox the yeaxs 1956-1969

| inclusive.

| “mathematical models ﬁf’éwalling soils woxe @éviaed for
dafined mpiatufe rangés, b@ééd on the assumptions, that swelling
was ejither undimensianalg th@t-&s in verticel direction only,
or was three dimensional and aqui-dimensicnal, that air did not
enter herizontal voids, amd thet swelling was noxmal, that is
éhange in soil wvolume eqﬁaladvthe.ghanga in‘sail~maaature vglume.

Ghildyﬁl and Sétyana:éyané'alﬁﬁﬁﬁ‘statéé‘tbéﬁ'thﬁ phfsical

. propertiecs of soil, like hydraullc conductivity, non-capillary
pore space and void xatio changea, aé ﬁhe solid is éamprussed.'
The magnitude of the change varies céa&iﬂexﬁbly with the texture
of the soil. Usuall} f}ne,‘weliaaggxagatéd»soiis, with low
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bulk danaitiagé, undexgo greater compactions than coarse, g
poorly éggregated s0ils, w'iﬁh high bulk densities. They showed
the relstionship between hydraulic conductivity, capillary

and nonecapillary pores and void ratios ot different bulk
donsities for some textural soil types of Indis. and concluded
that nonecapiliaxy pores are more susceptible to compaction.

A clase relationship exists among 't;he optimum molsture content
for obtaining the maximum bulk density, the maximum bulk density
éch.ievéd and the ciay content. An increase in the clay content
was associated with lowering of the maximum bulk dansity and an .
,'Mcxeasse in the optimum meisture ccmtam:.. They reported that
fox soil eontaining 47.70 pexr cent clay the maximum bulk density
was 1.47 gfcc at 20.80 per cent moisture, whereas soils having
9.70 pex cent clay 1.60 g/cc bulk density was attained at

7.6 per cent moisture content. Lastly they showed that increase
in bulk density correspomnds to decrease in tha void ratio and

vice versa.

Rao gt al. (1973) :efzorbad that more moisture w,a?a '.
retained in séndy clay loan soll thsn in sandy loam sc;;il at
any combination of pF and bulk density. ﬁimuazr rosults were
obtained by Rao and Hamacharalu (1959) and Msam (&963) \
tidth an increase in bulk density, the moisture Af;ontent at\l all |
pF values increased. Howewsr, in sandy loan soil me}istuﬁ
retained decreased with an increase in the bulk density from.
1.7 to 1.8 g/e¢ at all the pP values. This ma'y be attributed to
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tha'relativel# iass inckégse in fine pore spaaé than the
decrease in total pore space and also stated thet air filled

- poxosity at pF 2.5 indicates that seretion may bacome limiting
at the bulk density of 1.7 glce in sandy clay loem soil.

Gupta and Bhatia (1975) studied the relationship batween
air permeability, moisture content and bulk density of black
soil. The behaviou# of air permeability at various combinations
of moisture content and bulk density was attributed te
reduction in eix Filled porosity with incresse in moisture |
contant coupled with swelling of éalid phase at the expense
~of void space, maximun swelling effects in the moisture content
range of 22 to 36 per cent by volume st xelatively low bulk
densities and change in pore size distributian on compaction of
the soil. -

Shamma end Hao (1976) opined that change in bulk density
according to pore size distribution in sandy. :J.Va‘am $0il,
The bulk density of surface sodl rang,ed'fmj 1:42 o 1.75 g/cc
and between these J.iaﬁ.ts. pore greatexr than 30 micron decreased
by 17.9 per cent where as,‘,' pores less than 10 micmn :Lacxcased by
. 7,2 per cent. it can be deduced from the regression ,ééuatim
that the quantity of poxes of size lass than 3;3 micron will be
zex¥o at a bhulk déna's.ty of 1._'79-9/:0 ftotal parésity 30.5 per cent)
or top soil and at 1.8 g/,c_g (total porosity 3%3,25 per cent) from
. subsoil. It is also seen that any &ncrease'idi‘bﬁlk density



14
drastically decreases the per cent poxes greater than 30 micron
vhereas per cent pores less than 10 micron incresses with the

increase in bulk density amnd vice versa.

‘Gum'a and Gupta (1978) concluded that the bulk density
associated moisture content of clods collected from OwlO,
50=60, 11»10 and 150=160 ¢n layaiga of a wet clay soil profile
were detemined and statistically correlated in the 0.09-0.25 ¢/g
moisture content range. The bulk ;‘iensity at ail depths decreased
linearly with incyrease in moisturé content, increased with |
depths through 100 ¢a profile at a particular molsture content.
Analysis. éf the moisture content volume change date ,ravaaléd a
significant offect on over~burden on éail. modsture potential
and suggested estimation of over-burden potential for inferring
" metric potential from in -aiiu measuxements of soil moisture
potential in the wet range. The metric potential at respective
moisture contents thus inferred should be uscd rother than in
situ measured moisture ratention curve to charatterize field
proiile of ja_ pmdmi.nanfcly swelling clay,

In general the bulk density decreased lincarly with increasse
in moisture content in the 0.09-0.29 g/g moisture content range.

Rao st gl (1978) suggested that the bulk density changes
with change in moisture content of soil. In studies concerning
the offect of tillage, compaetim’and amondments on bulk density

1

-
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of soils, density changesvare generally sttributed to direct
effecﬁ of treatments. But in swelling soils considerable
changes in bulk density occux due to changes in scil moisture
content. ~Theaev$tudiés‘with black sedils have shown that for
pracisé compression batwaen.ﬁreatmeﬁts, bulk denslity st be

corrected to a chosen reference water content,

Sur gt gl. (1979) worked on relationships on density énd
porosity of aggregates of alluvial sailsland roported that
aggrogete density decreased asymptoticelly with incresse in
, aégregata size 1o a minimum constant velue, which was
charactexistic of a given soil. This constant value decreased
with the fineness of soil texture in general. Usnsity of
aggregates especially of bigger size fraction dapended more
onh o¥genic carbon (r = « 0.38) and clay contents (r = - 0.89).
A high corxrelation (r = 0.92}) was cbservéd“ﬁatw%én the
aggregate density of neighbouiing size fractions, which
diminished as the sizes ﬁepértad from each ¢ther, ln'a given
sizge range, the aggregate density was highlyﬂaexrelated.

(r = 0.99) with the ‘bulk donsity, The intex-aggregate porosity
was independent of the size of frection of aggregate and its
average volume was 42.3 per cent and it lay between the limits
set by theorotical models of cubic and cubic-hetrahedral packing
| of spheres. Intra-agyregate snd total porosity however increased

with decrease in size of aggregatos. Maximum intra=aggregate
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pénasity was recorded in the aygragate size roange about 1.8 om,
which signifies the importance of these aggrdgates in providing

better soll~air-watex felaﬁianships in elluvial solls of Funjeb.

2e3

Hannen (1892) first repoxted that the sum of the cross
section of asreas of the effective poxe wolume was the most

important factor affecting the dififusion of the CU, in soils.

Buckingham {1904) obsexved that the diffusion rate
increased with the sequence of the fx&é pore space that is the
rate of diffusion is reducsd one-fourth as the free pore space
is reduced one half.

Penman (1940) observed thet the diffusion rate increased
with the square of the free pore space, that is the rete o!

diffusion is rxeducaed one-half .

Blake and Page (1948) made dizxect measurement of gaseous
diffusion in soils, using carbon bisulfide. Fox 22 samples of
Paulding clay, they found that D/iD was equal to 0.6l8S, for
15 samples of Brookenston clay, this value was 0.7983.

Evang {1949) reported that the permeability of some
dowa soile under different cropping systems and treatments has
been measured. Highly significant results were obtained batween

the air perxmeabilities of well managed plots and check plots.
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Luthin and Kixkhem (1949) measurxed soil permeability cf
soil in situ below a watexr table of using piezomotexr. Pipes were
dériven into the soil below a water table, the soil is augerad
out of the pipe, and the rate of rise of the water in the pipes
was measurede The soil permeability was calculated from this

rate of rise by means of an appropriate formula.

Raney (1949} suggested one of the carliest methods uscd
to detexmine the oxygen concentration in the soil pore space
given by him. ©This method consisted of allowing the free
diffusion of ox?gan into a diffusion chamber that wss inserted
into the soil. Analyses of the gas were made at 10 minuteu
intexvals. The calculated partiel pressurxe of U, in the chamber

was used to evaluate the diffusion rate.:

Taylor (1949) concluded that oxygen diffusion through
the porous media ag a measure of soil aeration may be used.
A new soil parameter A was proposed which is a rclative meisure
of the xate of diffusion of gases through the soll. It was
found that A\ became smaller as porosity increassed. At first

the decline was rapid but it graduslly became slowcr.

Lemon and Exickson (1952) introduced the platinum electrode
to measure the U.D.i. in soils. Its use ia'px@dicted upor. the
concept that the limiting factor in the oxygen supply to plant
roots is the rate of diffusion of 02 through the moisture film
around the zoot. The U.bL.R. therefore charsctorizes the coil

Ga-conditions.
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Van Bavel (1952) daveiépad a theoryo of soil acration
in which he took into account not only the partisl pressure
of the vapours and the rate of diffusion but also the rate et
vhich gases wore liberated or consumed in the dynemic procogs

*

qf gespirstion occurring in soils.

: Baver (L996) showed how the percolation rate of water
increasas with the porosity factox. The porosity factor iu
“the ratio of air porosity to the log of the moisture suction

at which capilliary pores begin to drain (fiex éaint), Tho soil
water content at the flex point is approximatecly equal to he
&ater content at 40 per cent aly porosity. The porosity facoor
depends on both pore size distribution (water desorption

chargcteristics), and the amount of pozes.

Uomby and iwhnke (1999) measured U.D.H. with the help
of carbon disulfide. In oxder to detexmine the ability of a
soil sample to pemit gaseous diffusion, it con be fitted
into a special box containing carbon disulfide in its lower
parts, while the soil rests on a fine scxeen above it. Tho seil
is sealed into this chamber in such o way that the carbon
disulfide can escape only in vapour form through the soil.
Assuming that the solld was air doy et the beginning, any lass
'in’weight of the system is due entizely to the eveporatiot of
carbon disulfide thet has diffused through the spil.

Bertrand and Kohnke (1997) obtained & good cerreleticn

between the D.U.R. values measuvred at 8 inch depths with the
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pletinum electrode and DD detemined at the same depth with
an oxygen analyser. However,. the correlation was not as goed

as at the 16 inches depth..

Robinson (lY57) investigated move direct wothod of
measuring the U.l.H. It consists of a small chanbor with 3
¢losablo opening at the lower side is burried in the soil.
Two tubes lead from it to the surface. ilth the Lottonm wvalve
closed, the chambex is flushed with nitrogen, the tubes agr2
closed, and the valve opened again. After a given time tha

contents of the chamber arxe analysed for oxygen.

Lemon and Exickson (l960) suggested thet the desresse in
O.iduita as the soil suction incraased or moisluxre conbent
decroassed was due to a buildwup of OH concentration fommed by

the reaction because of slow diffusion away from the electrode.

Wiexsum (L960) fqund.that visual observetions of depth
of root penetration correlated very well with measurements by
the platinum electzode. Since the boundry conditions at the
platinum electzode are guite similar to those szound the ot
Cdn the soil, and since individusl reading c¢an be made quickly
using siwmple equipment, this technique offers, possibilitl.es
fox wider usage for evaluating the seration status of solis.
One must exercise condition in its use and moke suxe thot the

conditions previcusly refers to are taken into considerat.on.
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Willey and Tenner (1963) determined the O, concentration
in soil air with a membraone cgvaréd polarographic electrodo.
the probe is encloscd in a plastic membrene thot is permeable
im O, When a small voltage is applied botween the polarographic
cathode and the nonmpolarizable anode, almost ell the O, which
diffuses to the cathode is reduced and the concentration of 0O,
at the electrode surface is vexy close to zexos The resuliing
curzent is propofticnal to the rate of reduction of 0,, which
in tuxn is limited by the rate of diffusion of Oy to the
clectrode. The measurements is applicable to messurcments in

aitu.

Brikle gt al. (1964) studied factors influencing oxygan
diffusion rateés in soil as measured by the platinum
microelectrode. On sspect gtudied was how soil moisture affected
G.L¢R. measurements. In their studies, & cersmic double-walled
pot was used to nmeintain diffexent soll suction levels and
moisture contents in sands . Oxygen diffusion measurzement with
22+ and 2 gouge electrodes showed that ot hlgh moisture
contents similar O.D.A. were measured with both clectrodes.

As the moisture content decroased, tho U.i.H. measured by the
larger elactrode (22 - gauge) dropped off first and at the
higher moistuxe content than the 25 gauae, This informotion
 provides that the decxease in O.D.H. with inczeasing soil

moisture is caused by incomplote electrode wetting.



2l

Letey and Stolzy (1964) stated that the method given
by Lemoni and Exickson fails in relatively dry soils since ihe
aglectrode must be wetted so that the whole eleCtrode surface
is covered by a moistuzre film. The zupturing of moisture {ilms
at higher moisture tonsions makes the techniguo more applicable
to fine textured soils over a widex range of soil moisture
tensions than to coarse textured soils. The U.D.H, decreased
as the moisture content increases because of a diminishion in
volume of air fillod pores, and lengthening of the diffusion
path to the olectrodo.

Stolzy and Letey (1964) found thet O.D.H. decr@éses viith
dapth. The extent of this decrease depords upon the'ﬂz
concentration at ?ha soil surface. The G.Q.ﬁ. at a single
depth does not represent the aeration status for the whole soil

velume,

S$tolzy and Letey (1964) studied the relationship betus
soil suction and U.D.B, in a loany sand and krilium treated
$idt loam and concluded that the loemy sand had very low C.lU.R.
from 0=20 millibars of suction. As the soil suction was
increased from 2080 millibars; rapidly decrcased. G.U.R. iR
the silt loam rapidly increased with increassing soil suction
between Q=20 millibars suction. |

Ghildyal gt gl. (1967) used thyee methods to characterize
aerstion stetus of rice soil@, viz. 1) Buik density,
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2) Onygen diffusion rata (U.D.H.) and 3) Redox potentials (Eh).
By changing the non-caéillary pore space, which aze meinly
responsible for conducting alr in the soil, the aeration capacity
of the soil was investigated. Various lovels of soil bulk
densities were achleved through compaction. Using pletinua
micro=eloctroda, U.U.R, in soils were studioed. Hedox potentials
wore measured ﬁy potentiometer. The resulits of soll bulk
density, U.U.l, and Bh correlated with the acrzation status of

rice soils.

Kor gt al. (1979) studied the growth responses of a rice
root system to particle and porxe size distributions were
assessed in eight soil mixtures artificially cynthosized from
separgtad clay, silt, and sandesized guariz powders, under
" gontrolled éptimum, submezged (3 = L centimeters) soil
temperature regime of 37-25%C. boisture zstontion charactoristics
weye utilized for calculating the avexage macropoxe size and

ef fettive pore size densities of the soils.

 The pore frequencies were maxinum at 19-i9 microns in
finer so0ils « clay, silt clay, silt, silby claey leam, and
clay 1bém « and at 19«24 microns in ¢osrser s0ils - loom, sandy
loem, and sand. With the decrease in clay and a corresponding
inczease in sand or silt content, the average mackopore size
of the soils appreciably increased. fﬁé higﬁési rice root

gxowth was recoxded in silty clay loem, followed clcgaly by
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that in sandy loam. Larger radii for moximum pore fr@quenzges
ardl of avexaoge macxopore ia sandy solls and gz&aﬁ@x'mobili:§
of particles in silty soils as compared with éﬁaﬁ in clayey
soile contributed to higher root éﬁé shoot growth. in claf.
gilty clay, and cley loam soils, rice root growih was higmfy
restricted, and the roots could penstrute only %o an averagk

501} dopth of 14 centimeters.
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Chapter 3

Materials used and methods employed in the present

investigation are presentod. .

3.1 Climgtic condition of ¥azbhands

Parbhani is situated at 17° 16' Y latitude and 76° 47' &
longitude and at en altitude of 409 m. The average rainfall
is 830 ma with a wide variation from year to year. The maximum
and minimun tompexature ranges between 41.6% ¢ and 11.0° C
respectivaly. The climstic Sype is classifled as semi-arid by
Rao et gl. (1979). The water deficits are 26.89 and 201.0

pexr cent during kharif and rabi seasons respaectively.
3.2 Soil gamplings *

For the present investigation the soil semples wexe
collected in the month of December, 1979 from Agricultural
Collage farm, Marathwada Agricultural University, Parbhani.

The pits of 3' x 3* x 4" size were exposed of at 3 locations
to a depth of 120 em. Undisturbed cores from cach soil profile
for eight depths i.e. O=lH cm, 15«30 cm upto 1O0=120 cm depths
waere taken by core samplexr, which wexe 5 cm in helght and 4 cm
in diameter and made up of irnn._ From éach layerxr of'lﬁ cn
three cores waere obtained. These samples were placed in ¢ tray

énd labelied for. AlLL possible care was taken to avoid any
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physical disturbances of soil cares during the transportation
arxl storage in the laboratory.

3.3 PBreparing soll samplogs

The core samples were tied with a muscline ¢loth at
lower end with the zubber band. These were placed in water
for 10-12 hours for saturation with capillary rise. The cores
wexe submerged up to half so that full saturation and the aix
removal it satisfactory. On saﬁuratian.thﬂ COXOs weYye ﬁg&an,
external moisture was wiped out and weights at saturatioﬁ Jore

recoxded.

3.4 Zonsion table:

- Tension table {Leamer and Shaw, 1941) wae canatruﬁtéd
which is of 60 cm-x 60 c¢m in size and 150 cm in heiéﬁt, as shown
in figure 1. Above the tension toble glass was kept having
hole at the centre, on which a wire gauge of size 12 ¢m x 3 cm
was placad on which the oxdinaxy filter papeé vias uéed. In the
hole a plastic tube was fitted tightly. Sufficient walor was
addad on the filter paper for better apexauiné of system.
The tube used was flexible having diasmeter 3 wmm and whick was

transpayant to make eir bubbles visible.

After having subjacted coxes to S0 cam suction for 8 bours
Cores were reweighed. Same samples wexe kept by maintaining
100 cm and 150 cm of tensions, and placad in oven at 105% ¢ to

calculate bulk density.
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Sagturated core sanples wexe weighed and placed on the
tension table on filtexr paper. Care was teken so that the
surface area of bottom of coxes must be connected with tha
papex. Polythena sheet was used %o cover the samples on the
tension teble to check the evaporation so that water loss

due to aevaporation is oliminated end system should function well.

The physical pxoperties and moisturxe retention
characteristics of different soils were studicd as psr the

methods given below.

3.5 Ehysical propexties:

3.5.1 So0il colour: The colours of soils werc compared with
Munsell colour chart end designated accordingly (Munsell

colour company inc. Baltimore-2, hMerylond).

3.9.2 MNechanical composition: DNechanical analysis of soll

was carried out by international pipette method (Piper, 19006},

3.5.,3 bModsture gotention: Ipisture rotention studies worw
done at saturation and at various tensiong i.c. 50 cm, 10O cm

and 150 cn.

3.5.4 Bulk density: Bulk density of the soll was determired
by using oven dry weight of sample.

Bulk donsity = —on XV welght of 893k,(9)
- Volume of core (cm™)




27

3.5.9 Porosity: It was obtained from particlo density (Dp)
and bulk density (Db) by the relationships

Porosity a'-\ (1 = %) x 100
The value of particle densily was taken as 2.6 alce throughout
the calculation (U.ﬁ.D;A. Handbook, 60). Capillarzy and
non-capillary porosity was calculated at LU0 em tension cof

wabter column.

Firstly water desorbed from cores were recarded. That
desozrbed water at 100 ¢m tension was the volumc occupied by

macropores (non-capillary) and obtained by foruula given Dalow:
Wator dégorbed (cn®) %

- enorhE 196
Soil volume {co®)

Nonecapillaxy porosity m

Total porosity is the sum of Gepillaxy porpsity and
non=capiliary porosity. #icroporosity was obtained by
deducting non-capillary porosity fxom total pafmsity.

Capillaxy

porosity] @ Total porosity - Non-cepiliary porasity

3.5.6 Pore size distribution: The micropore radii (x, uicron)
for different values of suction (h, c¢m) were calculated Ly
utilizing the capillary rise equation as described by
Brutsaert (1966).

r = QTGQSQ

fgh



whexe

r = micropore radius (micron)

T = sgurface tension of weter, dynes cm‘l at % ¢

$ = contact angle, vhich was taken equal to O

= density of weter, g cm“3

g = acceleration due to grovity om sec™<

h = suction, cm of watexr (50, 10, 190 cm of water colun).

The averuge macxopore size (R, micron) was calcuiated
nuaerically from the equation

N

€ Vn i

L

N
Vn
)
whexe

R = macropore radius (miczon)

Vn = volume of water released at a sugtion for which tho
corresponding radius N.

@M = poxe radius corresponding to 50 cm suction,

3.9.7 Calculation of effective saturaticn: The effective
saturation (Se) was calculated by introducing linear
transformation.

5 - S)x'
l =~ Sx

Yo

wherte
S5¢ = effective saturation
2 = degxese of saturation

5 = Airreducible saturation.
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Irreducible saturation was taken as moisture hold at

field cgpacity i.e. 38 per cent throughout the calculaticne.

Simple correlations between silt, silt + clay and clay
with micxopores, macropores and total porosity respectively

were worked out by standaxd method {(Snedecor ond Cochran, 1967).
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Chaptex 4

Three profiles from different locotions et Parbhani
ware exposad and samples of solls from various depths wero
analysad for total porosity, cepillazy and non-capillary pores,
bulk density, mechanical composition end water retention at
very low suction values and pore volume proportion. The cota

on these properties are presented bolow.

4.1 Physical properties

4.2 S0il moisture retention

4.1 Physic: yertie

L 24

4edel Hoil colour: Soil colour indicates the type of soil.

it also indirectly throws ligiht on some propezties such os
parent material, oxganic matter content and drainasge etc.

tark or dark grey colour indicates the higher amount of urganic
matter, while rod brown and yellow tinge are principaliy duc to
iron content. Rad colour sugﬁas@ well dzsined soils. Tae soil
colours were cquarad with Munsell colour chart as shown in
table 1. Soils from Agricultural Gollege famxm Parblhioni aear
Radio tracer laboxatory and Agronomy department were found

dazk grey whereas the soil from Sorxghum Research Stotion darxk
greyish brown. But in gensral the surface scils wore dexk in
colouxr as compared to subesurface soils in most of the samples.

The soil is haxd when dry with moderately rapid pormeability
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Tabl e‘ .l.: | Soil colours !

gg: Location S0il colour Tﬁﬁ:ﬁ""'}'
1. A Agricultural Dark 10 Yi 4/1 Clay
Collage Faxm, grey
Paxbhani _
Ze B Agriculture Daxk 10 YR 4/1 Clay
Colleyge Faxm, grey '
Parbhani
3, C Agriculture Daxk 10 YR 4/2 Clay
College Farm, greyish
Paxbhani ‘ brown

A = Agronomy fam
B = Hear Radiotracer lsboratoxy

¢ = Soxghum Hesearch Station
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4s1.2 Mechonical composition: The relative px@portidn

of different soil separates i.0. coaxse sand, fine sand, silt
and clay is important as it affects different s0il propecties
‘and crop production practices. HMechanical composition of
different layers axe presented in table 2, #Among the soils
studied all are clayey. The cl&yvcantenﬁ in surface lay2xs
of three soils ranged from 40.3D to 54.90 por cent. Silt
varies fxom 24.30 to 26.25 per cent and sand fraction is
smailer. Since the soil et sll three locations containoed high
amount of clay, the aeration porosity hes %0 be determind at
100 cm soil moisture suction. Thexefore, poxe volume vasatad
at 100 cm suction when saturated samples subjected was
deternined., This information provided the basis for ascrstiom

pozosity detezmination.

4.,1.3 Dulk density: The bulk density of the soil was
measured on oven dxy soil in coxes obtained from varicus depths
and the data exe presented in table 3. From the taeble it is
obsexved that in géneral, highex the ¢lay content, lower is the
bulk donsity. it varied from 1.12 to 1.79 ¢fcc and it hss been
observed that there is corresponding increase in bulk donsity
with incpeasing depth. it is fateresting to note that the

bulk density at all three lbcatians increased as.a functlon of
depth. This has a significance in the ponsﬁiiy'values axd
ultimately it must intexfere with water flow. This incrogse in



Table 2: #Mechanical composition (per cent) of three profiles

B

2z, Dopkh . A
Ho. in cm ﬂcwnmm . Fine  Silt <ﬂwm% Coarse ine 5ilt  Clay Coarse Fine  Silt  Clay
sand sand sand sand . .mmzu sand
1. 0-15 445 . 1837 2.95  54.%0 6.25  14.95 24.30 ' 50.93 8.93  20.97 26.25 40.35
2. 15-30 4.20 12,25 23.37 57.30 7.10°  15.10 35.95  40.55 9.00 21.10 25.00 40.80
3. 30-45 5.156  14.10  24.80 55.65 | 7.50°  15.25 34.10 42016 9.81 22,31 23.15 37.10
4. 45-60 3,90 1200 24.89 56,95 mswe 16,29 35,15 42.00 10,00 22,00 21.95 31.68
5. 60-75 5.15  15.20 27.73  50.86 9.50 °  17.00 33.87 44.60 11.50  22.50 23.20  29.9%
© 6. 75-90 6.25 16.35 30.25  46.68 10,50  17.50 32.19 - 44.15 12,000  28.00 2%.28 29.19
7o 90-105 6.3  14.35  25.00 55,90 11,00  18.00 34.95  39.25 13.00 23.50 21.90 28.10
8. 105-120 5.25-  13.20 28,35 49.15 19.00 20,19 26.16 14.00  24.00 20.25 32.39

11.50

»muwo 3: Relationship between clay content (per cent) .and bulk density (g/cc)

55.90

5r. ‘Depth in cm ~ Bulk density (a/ccd Clay percentage

o | A B C_ A B ¢
1.  0=15 - 1.12 S L.20 . 1.40 94.90  50.93 40,35 .
2. 1530 U 1ad2 1.38. 1,40 57.30 40,55 © 40.80

o 3. 30-45 L35 " 1.37 3053 55,658 42,16 - 37.10.
4. 45-60 1443 1.53 1.63 56,99 42.00 3L.68:
5.  60=T5 1437 1.45 . 1.64 50.80 44.60. 29.95
6.  75-90 1.37 1.50 1.66 46.68 44.15 29.19
7.  90=105 1.494 1.58 1,65 39.25 28,10

PR - . - e
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bulk density as a function of depth may be ascribed to
decysase in clay content gs well as compaction of lower layors
due to aver burden pressuxs. The density is vory high at

- lower depth which may intexfore with the flow of water as weoll
as root penetration (Gupta and Gupta, 1978; Bao ek gl., 978).

de.le4 Poxosity: The results prescnted in table 4 indicate
that the total porosity decreases as the bulk density
increases. The porosity ranges fxrom 42.33 to 58,00 per zent
in A while in B and C it was 36.50 to 54.67 and 36.67 tc
47.67 per cent respectively. It wos found that porosity
noxmally deczeases with the depth. Higher the clay content
of soil higher the porosity. Lioght soils contain less pore
spaces and made up of mainly macxoporaes while heavy sol.s
contain larger pore spsces made up of mainly micropores.

The micropores have great affinity to iold more moistur:i.

As such heavy black soils having micrypores are capable of
retaining more moisture as compared to macropores contéining
light soils. in genoral the porosity has decreascd as the
bulk denéity increased. In most of the cases the bulk density
increased with decrease in pore velume, Further, thero was
a correspondinyg decrease in non=capillary porosity witl:
increase in bulk density. The critical evaluation of
nadqcapil;ary poxosity (table 4) reveals that the valuzs are

usually higher than 10 per cent except in at 15-30 cm and



O=45 cm depth in profile A and 3. Therefore it is evidoent
that these soils do not limit eeration bsse. Van Bavel (1952},
Stolzy and Letéy (1964) and Baney (1949) indicoted that A7

the aexation porosity is 1O per cent oxr higher, the oxyyen
\diffusion rates are not limiting since it can provide greoter

2 5ok

oxygen £lux than 20.0 x 10°% g cw™@ min

4eled Proportion of solid to porosity: JFhis waos calculated
to represent the physical meodel of the soil. It means thut
how nuch solid, water and alr conbainoed in particular soiu.
This praportién of solid, Jiquid and gas is represented in
table 5 and figure 2. 1t was found that proportion of solid,
liquid and gas in A, B and G wag S50.83, 43,93, 15.06; 54.03,
42,94, 12.38 and 59.78, 20.55, 18.97 per cent cm° Tespect:vely.
it was concluded that as increase in clay content there is

decrease in solid volume and increase in porosity.

4.1.6 Gorrelation studiess The correlation cocfficient hetween
macxopores, micropores and total porosity as roelgted to silt,
clay and silt + clay are presented in table 6. It is noto
worthy‘that the high correlation volue (r = 0.77) between clay
and total porosity is indicative thst volume occupied by jores
in soil is a function of clay content. As the smount of clay
content increases total porosity alsp inCGreascs. LHowever, as
far as pore size distribution is concerned macropors volule

decreases as the clay content increases since the r-values are
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negative., It is also evident that micropores in B profile
have intreased very much due to intrease in clay content.
This clearly indicates that the effective oceration porosity:
decreases xopidly with the coxresponding increese in clay.
This further signifies that at low values of soil moisture
suction crops sensitive to aeration may experience oxygen
deficiency in the capillary fringe of water table condition
exists. This situation is developing on Commsnd areas.

it is therefore esgentisl to draln water to increase aeration

efficiency in heavy swelling types of soils.

.4,&.7 Pore size distribution:. The micropore and maCroporea
xadii,wera calculated at various suctions by the formulas as
described iﬁ materials and methods. it was found that an
increase in suction decreased the macropoxe size and these were
'célculated at 50 cm, 100 cm end 130 cm of water sdctions end
:ecordéd 29,35 nicron, 14.67 &icxan and 9.78 micron respectively.
Average of radii of pores is prosented in table 7. it is
interesting to note that the average macropore size rangsd
between 23.10 to 25.03 micyon, thore being ne appreciable
veriation. This i1s ascribed to high clay centent in the vhole
profile. It is also clear that as the clay content varisd from
46468 to 57.30 per cent there was correspondiry decrease in
average macropore radii ££om 25.03 %o 23,10 micron., OSimilax
results were obtained in various synthesized solils by Kar gt ai.
(1979) .



s4uLd 4:  Relstionship betuoen bulk density (g/cc) and porosity (pex cent).

3T Depth A , 5 T —
fioe in cm -3 5] [ T F) B < d a R ) ¢ d
1. 0=15 1.12  Su.U0  49.15 . 6.85 1.20 54467  46.95 0.9 1.47  45.00  23.46  21.54
24 U530 L2 50e00  4vel 883 1.36  48.35  al.56 .70 1.4 45.67  31.63 14,03
3. 30=d5 1.35 49,33 4le2B  B.OS 1.37  48.67  4L.08  7.98 1.53 42.33  23.81  18.52
4, 4560 1.43 46467  32.98  13.68 1.53 42,87 26,39 1647 1.63  3B.67 20,78 17.89
5.  60=T L.17 96400 4258  13.41 1.45  45.33 3250 12.73 1.64 38.00 26.94  11.06
6. 7590 1.37  49.33  36.15 13,18  1.50  43.33 29.79  13.99 1.66 . 37.73 26,76  10.57
7. 90105 1444 . 43,00  31.20 13.71 1.5  4L.00 28,93  12.06 1.65 37.67  2B.87 8.79
8. 105120 - 1,53 42.33  25.51 16.82 . 1.7 36.50  27.92  B97 1.68 36.67 4.7 22.04
a = Bulk density, b = Total porosity, ¢ = n%ﬁ.w,maﬁ poxosity  and d = lon-capillary porosity.
Table 9: Proportion of solid to porosity {(per cant nﬁu?
Sr. cevmw ) A | . - i , [
No. in cm a B c d a b c T d a b c d
R P W 9,08 1,92 7.00 53.33  6.97  1.23  8.20  45.33 . 3.52  3.23  6.75  55.00
2. 15-20 7.37 1,33 BJ70 42,00 . 6.28 .02 7.25  SL6T 475 2.0 6.85  54.33
3, 30-45 60109 L2l T.40  S0.67  6.16 1.4  7.30  51.33 3.57 277 6.3  57.67
4. 45260 4,95 2408 6.98 53.33 3,96 2,47 - 6.43  57.13 3.2 268 5.80  61.33
5.  60=75 6e3)  2.01 8440 44,00  4.88  1.9L  6.79 53.67  4.08 1.66 5.0  62.00
6. 7380 B5.42 . 1498 7.40  B0.67  9.87  1.95  7.32 51.23 4.0l 3.28  7.25  62.27
7. 90-135 4,70 2406 6476  55H.00 4434 1.81 6.5  59.00 4,33 1.3l B.64 62,33 -
| 3.83 2,52 - 6.35 57.67 4.3 1.85  5.48° 63,50 2.2 0 2.00 4.2 63.33

{

| \i
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Table 63 GCorrxelation studies.
$r. MNechanical Porxosity r-values
tp. £raction ' ’ ' :
A B C
1. Silt Micropore «(330 ={} a4 Q.53
2. Clay Micxopoxe 0.27 0.96 0.09
3. Silt ¢ Clay kicropore Oe24 0,36 Q.22
44 9ilt HMac xopoxe 0.30 .27 0.22
5. Clay dacropore «34 «JelD -2.62
6. Hilt « Clay | #acropore »().63 Q.22 G.39
7. 5ilt Total -0.17 0.18 0.64
porosity
e Clay Total Q.17 Ga30 Q.77
, porosity
9. S5ilt + Clay Totai 007 057 0.71
porosity
- Table 7¢ Avexage of radii of pores.
o Dopth cm K (aiczon)
L. 0=15 24.20 %
e 15=30 2340
3o 30w4S 23,56
44 4560 2340
. 6075 2909
6. 75=90 25«03
Te 90-106 23.80

g,

105120

24420
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Soil moisture retention study was carried out by
applying the different tensions and value of retained wator
wag calculated. This is xeopresented in table B8, It was
found that as higher tho clay content more moisture is held
by the soils. It was obsexved that A goil profile roctajned
pore moisture than B and C. Water hold at saturetion was
found to be movre in A than 8 and G depending upen the clay
content. The water h@ldﬁ.ﬂg‘ Capacity varies bDetwaon 24.30
to 68.08 per cent.

4.2.1 Water retention at different tensions: The soil
modsture goetention at 50 cm, 100 cm and 130 ¢m is determined
ond presented in table 8. In A noisture retention wes
psbserved in the range of 39.88 to 52.92 pex cont, 38.25 Le
H5led2 and 37.07 to 49.00 par cent at the tensions of 50 cm,
- I00 em ared 150 o respectively.

in B vpmﬁie the moisture retention ranges from 24.30
to 64.08, 2069 to 58.38, 19.27 to 57.20 and 17.65 to 56.88
per cent at saturation, 30 ca, 100 cm and 130 ¢o of tensions
xespectively. In C profile this was rscoxdad that 24.4€ to
5l.4d, 19.92 to 42.94, 19.16 to 41.69 and 18,59 to 40.30
per cent at saturation, 5Q ¥m, 100 ¢m and 150 ¢m of tencions
raspectively.
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it was concluded that the soils varied over & wide
range s0 far as the soil m@iﬁtgi@ retontion is concornad.
in genersk, tho soil moisture vetontisn was found to be
related with texture of soll and some extont depth of profile.
Ag the soil became finer and the dépth increase, high moisiurxec
was held by the soils ot given soil suction. The data on
moisture retontion wexe utilized for soil moisture retention
curves and represented in figure 3, 4 ond 5 for 4, B and C

Legpactively.

4e2.2 Effective saturation: Effective saturstion was
calcélated at various tensions as a function of depth and
concluded that increase in water auéﬁian otourred correspending
docrease in effective saturstion was observed. It is
ropresented in table 9. Effective satyration is closely
related with the clay content. #As there wes lncrease in clay,

thﬁ effoctive saturotion also increased.
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CHAPTER 5

SUMMARY



Lhapter 5 SUMMARY

In the present investigation, three profile soil samples
wezre collected Eram-ﬁgronoﬁy Eaim, Hadio-tracer laborator;
and Sorghum Hosearch Station, larsthwada Agriculbural
University, Parbhani. These somples were anaelyscd for coiour,
mechanicel compasition, bulk density, total poresity, capillsry
and non-Capillary capacity, pore sizoe distribution, watez
reﬁentian ot saturation and ot various tensions i.¢. 50 ¢,

100 cm and 1H%0 cm of water suctions and effective saturation.

Cut of three profiles undertsken for study, twe hove
shown dark grey amdd third one was dazk greyish byown in colour,
Kechanical composition showed that all soils éuntained moTe
than 40 pex ceni ¢lay and were placed under cloyay soils.
Clay pexcentage in all these three pmofiles ranged from <D.35
te 94.90 paer cent in surface solls. Lt decreascd as a function
of depth.

The values for bulk density renges From l.12 %o 1.40 g/ec
in surfaGe samples and decreased with depth due to over hurden
pressure, It can also be concluded that bulk density heips to
gilve insight about physical propertics of soil.

Tatal porosity ranges from 45.0 to H8.0 por cent and
decreased with increase in bulk density. siore porosity wvas

obsarved where soils have high clay content. The porosity
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normally decreases with the depth. As soils having more

clay content capillaxy porosity was found to be higher.

it is concluded that clay soils are capable of holding moie
moisture. Nonecapillaxy pores are drainable pores and was
found in less amount. High correlation value (r = 0.77)

was found between clay ond total porosity is indicative that
volume otcupied by poxes in soil is a function of clay coatent.
Macropore volume deoCreases as the clay content increases since

the revalues are negative.

Poxre size distribution was found o incxease as suction
‘decreases. The average macropore size ranged between 23.10 to
250,03 micron. It was observed that highér the clay content

lowex the macroporxe radii.

The water holding capacity ranged from 74.25 to 76.40
per cant cma in surface soils at saturation, egaln it is the
function of clay content. It was found that ag increasscud

tension of water suction there is decrease in water petention.

Effective saturation decxeased with the incxrease in
water suction and it wss found that 0.53, 0443 and 0.33 at the
tensions 50 cm, 00 cm and 150 cm of weter suction in surface
soils xespectively. Howaver it decreased with increase in
depth and also obsexved that it increased with increase in clay

conhtent.
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