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INIRALUCTION

S8torage of water in the root socne of field
soil 1s of importence to both dry land and irrigated
agriculture, It has been regognised since long tiat the
total water content of a 801l Qer a8 3ives only inadoguate
irforaation on the quantity of water available to plants
as soils differ widely in the capacity to store water
in the plant avzilable form, Meaningful Anformation on
this ¢an bde hatd only when water acontent is related to
s0il moisture temsion. Ihough plants have been founc to
differ agein on the ability to extragt stored water,
relevant generalisations could be made on tiais. Mueh
larger variations, however, ogcur in the ability of soils
tc retain water., 7The asoil moisture content-tension
relations usually represented through soil molisture
charscteristic curves ;ive information on this aspect of
vater cuntent in available form.

Much of the soil-to-30il difference in moisture
content-tension relation is often sgoountable as dus to
differences in texture and organic matter cuntent.

The former affects through increased capillary porosity
rasulting from increasing fineneass of texture and tarough
larger surface ayea exposed by finer soil particles,
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The organic matter content affects through modified
soil struoture in adiition to the above mechanisme.

Among the so0il moisture constants, the two
that are most important in deeiding the plant availavle
vater content are the fileld eapacity snd wilting
ccefficient, Though thers are griticisas on the validity
and conatancy of thease, they ars the only measures
presently availadle to define available water with
reascnable ascuragy. A4s :n the case of molature countents
at other moisture tensicn valuss, those at these molsture
constants also show high degree of dependence on fineness
of soll as defined by texture and organic matter content,

In as much as data on texture and organic matter
content of scils are more easily gaticred than those on
field capacity and vilting coefficient it zay be worthwhile
deriving the latter frop information on texture and
organic matter content., In the ease of many soils of
Kerala, data from such galoulations ere incomplctle as
there is often largze preponderance of gravel which normally
18 not estinmated as a textural component. Allowances for
the extent of wgcurrence of gravel and molisture retention
by thais fraction are aiso to be uade in asuch cases.



" The present study was aimad at wvorking out
some of the above relationsiips in the red and forest
soils of Kerala, A list of the main objectives of the
study 1s siven below, This forms a cantinuation of
earlier studiss on identical lines on the laterite and
alluvial soils of the Stata,

1) To £ind cut the molisture retentiun characteri-
stics of red and forest 8scils of Kerala at varying levels
of matric potential.

11) To find cut ths eorrelation between moisture
rotention at different tensions, texture and organiec
aaroon contente of soll,

114) To work out suitavle prediction models for
arriving at molsture retenticn at C.3 and 15 bars based
on the knovledge of textural separstes and organic carbon.
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REVIEW OF LITHRKATURE

804l moisture retention and its different aspects
had besn the subject of maby an investigation of the
present century, Work done on the soil woisturs retention
and availability, and their relationsnip witn texture and
organic carbon content of the soil haS: beed reviewed Ly
Thulasidnaren (1983) and Praseela (1963). 80 only a bdrief
report of the studies whleh were not included Ly them are
being pressnted in this ssction.

A sumnary of the review by Thulasicharan (1983)
and Prameela (1983) on this aspeot is given below,

The available range of wolsture was considered %o
be that held between fielc capaoity and permanant wilting
point, In the early days, it was thought that thie whole
range of soll molsture was egually available to plants,

But later workers proved it not to be a0, As such, the
gonoept of readily avallable water had cone up. Plants were
found to vary in thelir optimun peroentage of availabdlie
vater, Binoe these s0il water contents based on soil
vetness could not he applied universally, attezmpts were
made to correlate the water status of plants with the eneryy
status of soil water. Accordingly, potential values of
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«1/10 or =1/3 bar vere assi.ned to field capasity and

«15 bar for permanent vilting point. There ned besn
controversy among workers regarding these potential values
alsd.

Rogent developnonts in the last two cegades have
made alesr that in =z dynacdc soil waler system, such static
concepts a8 3011l water constonts are physieslly meaninglese.
Furthernore, the azount and rate of water uptake by plants
is not 20 excluasive function of the aantent or potential
of 8011 water (ii4llel, 1571), However they carry soae
ideas about the storage capacity of the soll and serve as
the useful bLasis for ascheduling irrigation in the absenae of
any other griterion.

The relative proportion of ¢ifferent sised particles
in the soil greatly influences its ability %o retaln
moiature., The main cunclusions of the reviews LY
Mulasicharan (1983) and Prameels (1963) are as follows:

1) 8241 moisture content at all tensions shoved
atrong relaticn vith the fine fravticns, ailt and alay.

11) The rolation between available moisture content
and content of clay had been variable, there being an
increase in the content of availavle water vith inoreasing



clay contant in some cases and s degrease in some otheras
especially at nigher clay contents,

111 ) Diere had been s consiastent poaitive correlation
betvesn tie content of ailt and av:ilavle water content,
The relation with sand was slways negative,

iv) Precicting noisture retention at G.3 bar and
15 bars and available water content using equaticns which
incorporated textural separates and organic earbon had bdeen
suocessful,

Molsturs retration and available vater content
were shown to De higher for soils with more of fine
fraotion (Packard, 195%; Croegaert g% Al., 19%%). Gavande
(1968) attributed the differences between latosols,
andosols and alliuvial soils of Costa Rica in respect W
changes in 30il water ocitant with suction to the differen-
tiel clay, =ilt, fine sand and organic patter contents.

The stady an soil modsture retsntion and release
aharacteristics conducted at iyderabsd revemled the
valusetrie water content at 0.3 and 15 Lars to be suveten-
tially higner in a sandiy clay losm sofl than in a sandy
loan soil (Anon., 1982), Hxperimental results of Jong a% Al.
(1963) proved texture as the main s0il property infiuwencing
tie shap: and position of the water retention ourve, Bt
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this influence varied with the area in vhich the study
vas conducted becauss of the difference in clay minerel.ogy
and organic matter content.

Ihe positive influenes of clay and the negative
influence of sand an field capacity, permanent wilting
percontage and avallable water contant had been reported
by many workers (Sonmes, 1963; Jadhav, 19785 Talha gt al.,
19793 Ghazy gt al., 1981). Contrary to this, Lias-Fierros
and Guitsar-0jea (1968) obtained a negative correlation
batwen avalleble water and clay cuntent. Gupta gt al.
(1983) also statsd that alay alone did not produce any
significant effect un water retentiw.

KHodsture retention by black soils was found to
surpass all other soil groups of South India because of
its jood structure and high content of 211 clay (Selvakunari
2% ales 1973). It vas concluded that retentivity of
molisture in the red soil was generally poor,

Fripiat (1950) showed the anount of extra-
ctable water to be higher in soils containing sils.
Petersen gt gl. (1968) conasidered silt as the most
important factor eontrolling field capacity and
available moisture in the textural class, silt losm. A
positive correlation vas obtained between silt and vater



cantent, Moisture retantion deersased as the coarse
fragaents increased in the different horisons. Dias~
Fierros and Guitian=Ojea (1968) reported that available
vater content wvas positively correlated witnn silt.

The higher ater nolding capecity of the subsoil layers
of Fed 30il pedons of Madurai was explained on the basis
of inereassed contents of glay and silt (Feaguraj, 1961).

For the latsrite soils of ¥srala, Thulasicharan
(1983) incdgeted ap increasing influsnce of silt content
in deoiding the noisture retention by the 2 ma sieved
fraction at increasing tensicns, Clay emtent was shown
t0 have s significant positive effect. But an inverae
relstion was shown with coorse freetion. A siailar
redult was obsarved by Prameela (1983) for the slluvial
soils of Kerala.

In lignt sexturaed soils, the majority of seil
wator wa: released at 0.4 bar, whereas in heavy textured
soiis, only sduut 20 per cent of water was released at this
tension. Nolsture retention at 0.1 bar wvas found to be
dependant on (silt + clay) percentage and exchaengeshle
caleium peroentage uwhiile at 15 bar, it depended omly on
(s4)t + clay) percentage. 8lope of the log h (em) - log
curve was mainly governed by texture (Kl-Xommos, 1983).
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Mmltiple 1inear regressivn procedures were enmployed
by Jong and Leobel (1982) to relate particie size distri-
bution and organic carbon tu tie gravimetric water content
at 1/3 and 15 bar tensicne., Willisus g% al. (19683) grouped
80ils hoving sduilar aolisture retention charscteristics and
suggested that deweloping simple predictiocn models for
these groups bosed on scil physieal properties will be useful
in pany agricultursl and hydrologic operationhs, Pramesla
{1963) developed prediction eguations for the alluvial soils
of Kerala incorporating organic earvob shd Sexture $o
estimate the moisturs retentiun at 0.3 and 15 bars and also
the avallable molsture percentage, ZThay were as fallowss

a) Moisture peroentage at 0.3 bar (y,)
y‘ = 10.3387 * 0.3'05 31 » 0.361 xz + 0,003 33
~0.1170 X, + 0.0176 x5 (A? o 0.87)-

b) Madsture persentege at 15 bars (yp)
,a - -15.110 * 90“309 " + 0.“198 ‘2 * 0-1575 33
* 0107 B, = 1.6651 x5 (5% = 0.91)

o) Percentage of avsilable wvater (:3)
73 = 3750 « 0.0936 %y = 0,0618 x, = 0.1576 x,
= 0,208 %, + 1,679 x5 (B » 0.65)

vhiere x4 clay psr cent

silt pexr gent

fine sand per ceng
aoarse sanc per geunt

organie carbon per eent

X2
3
=,
%5
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The amount and availabllity of vater cant-ined
in goarse fragoents is often considered to be hezligible
but may have sn impact on solls with hdgh cantent of
course frngoents., Ihat stones ( > 2 mu fraction) gontribute
tc vater availnble to plants had been proved by Coilde (1953).
He suggested that retention by atones varied ascording to
the kind, sise and content of the stones.

Haridasan {1978) oculd find that scvil moisture
ehars¢teristic curves obtzained with the 2 ma: steved
frzetion greetly overestiimated the moisture retention of
laterite soils, in comparision with that of undisturbed
samples. 7The high gravel content (28-58 per cent) of
these 301ils was attributed to this. It was slso founc thnt
in the red soils nearly free of gravel, the moisture
retention curves obtained wers similar in both sieved and
undisturbed soils.

Hanson and Hevina (1979) ssparated the more than
2 mm fraction from the surface layers of Cutashine suil and
Calyer soll into three aize graups vis. 2«5, 520 s
20-55 ma. In the case of cutshin gravely loam, the avuile
able water oupacity ranged fyom 3.6 p«r cent in the 20-35 mm
silze fraotion o 5.6 p=r cent in the 2-5 mm sise Iraction,
The shale fragoents showed relatively higher retention tw
the tune of 6,2 ~ 12.9 per cens,
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¥While studying the physical properties of three
soils in Southern ligeria, Hoagwu gt al. (1983) made a
correction in the total available wvater holding capacity
of eagi: sampling depth for their gravel cuntents waich
ranged from 21 to 58 per cent,

Tavlasidheran (1983) estimated the moisture reten-
ticn by gravel in the laterite soils of Kerala whiere a
preponderance of gravel wvas seen. Tw adisture retention
amounted to E.7 per oent at (.3 bar and 7.1 por cent at
195 bars. Tae avasilable water in the gravel was found to be
1.6 per eent by velight which would coae %o a magnitude of
27 per cent of the available vater retention of sieved
portion. The following prediction eguations weve developed
to find cut the mulsture retention at G.3 ber and 15 bars
utilising the data of organiec earbon contsnts and particle
sigze separates inoluding gravel.

a) Moisture retention at 0.3 bar (y4)

" = “68.09’ -+ 00255& l‘ + 0,881 za * 1,67 33 *
0.756 X, + 0.752 25 + 0.7% x4 (RZ = 0.49),

b) Moisture Fetention at 15 bars (y,)
P *,656 « 0,156 Xy ¢ 0.02% PR 0. J+28 Xy
= 0. 173 x, = 0.0489 xg = 0.0503 xg (R? = 0.41),



Y
no

vhere, P organic e¢arbon par cent
Xy = elay per c.nl
:3 « gilt per cent
W fine sand per ceng
'5 « Qonrge sand per cent

Xg ~ gravel per oent

The literature on the influence of orgenic oaroomn
on 804l moisture retention had been reviewed by IThulazidharan
(1983)., Prameela (1983) quoted some of the reports not
included ay adm. Thelr conclusions wers as followss

1) Modsture retention and content of avsilable
vater vere positively correlated vitin the organic carbvon
content in most cases.

11) Tueye vere reports of s lack of such relation
presumsbly begcause the favousable effect of organiec matter
vas masked by the dominant effect of tha content of fine
fraotions.

Peustel ond Byers as sarly as 1936 reparted that
addition of organic matter increases the water reteation
capacity of soils. The positive influsnoce of organic
carbon on aveilable water content was found 4. be marked
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in coarse taxtured #0ils (Bouyousos, 1939). On the other
hand, Klute and Jacob (19%9) observed no significant

of feat on the wilting point and molsture egquivaient of a
811t loan 804l which had received 0«0 tomes of harse or
duck manure for 25 years. Jamison (1953) concluded that
any increase in available water capacity of soil following
the appliscation of organic asnuras was 50 spull even in
sandy soilsy as to be of no practical waluoe.

Aocozding to 8alter and Havorth (1961), the
increased available water capscity vas the result of o
signifieant increase in field capacity as compared to the
nonsignificant effeat on permenentt wilting point.

Rajagopal and Mariskulandai (1967) indicated that
the added orzsnic matter had no offeot on the moisture
holéing eapacity of South Indian s0ils upto a level of
10 tonnes of farm yard manure per acre, Inis was attriduted
to the predominant effect of clay in these suils.

ghetran (197%) reported the domineht influenee
or organic cerbon and free iron contznts o the wvater
retention in the B horison of some fcrested sency soils.
S8ail water retention expressed as per ocent by veight in a
peat 201l vas reported to inorsase at esaoi: 30il water
suction with each increment of peat (Stavenssn, 19%),



Bulk densities an the othsr hand decrvased with the
regult that quantity of stored water on volumetric basis
depended oh the relative increases in per cent water by
veizht and decrasses in bulk densities,

Ghatol and Malowar (1978) and Riley (1983) observed
an increass in porogity and water holding capacity with
increasing organic matter contents., Ihulasidaaran (1963)
obgerved that in the laterits soils of Eerala, organieo
carbon was found o he%e Do bearing on the moisture retehds
tion as (nileated LY 1%3 correlstion being none-sig:ificant
wvith molisture retention ot all the tensicns. Pramsela (1963)
slec reported ¢ laok of significent carrelation of organie
matter content for the alluvial soils of Eerala.

Jacobowits and Steernhuls (1984) found that when
sevey® aludge compoast vas added gt rates of 0, 50, 200 and
500 tonnes per hectsmre to sandy loam and silt loam {1eid
plots, tne voiumetric water content increased in the sandy
loam soil only.

Hnthematical functional relationship detween s0il
aoisture counterts and scil moisture tensian had been
reported, dhosh (1976) establisned the soile-mouisture
c:arscteristio of ssndy soils as 1=t (%OY'Q) wvhere



§, vas the alr entry oapillary suction in bars, 2 vas an
expirically detarmined canstant, 6 waz the volume moisture
oontent of soil end O, was She volume of © in saturation.
The value of 2 was estimated a8 3= 26,5 g ) 1,786
Mol, mdlanro the peroentage of sand s.mtm
the soil,

Haridasan g% al. (1979) desaribed the moisture
cLayzgteristic curves for Swo laterite soils and a red
sandy loas soil of Kmsaragod by a linear model of the %ype
1o0g h = a=b (0 ~ 0 ) wiere the gunstant *a’ reflected
tiie adsorptive properties and 'bY the hydrophysical propere
ties of the soils.

Bache g% al. (1961) shoved that vater content was
lineerly relsted t0 log suwotiun (suction in wmilli sors
50 that log b = p’ ) and vater econtent on valumetric veals.
The linesr oodel was considered sgceptavle for sandy loams,
loams, #ilt loans anc clay loams but inappropriate for
s0ils copinated in sand or clay, since the relati.nsaip vas
sligntly curved.

Function relati-nship hetwesn soil water content
and water suetion were sxazined for various soils of -
Canacian prairies and Jong gt al. (1983) shiowed that the
beast fit waa obtained with a two st:aight line regressian



model of the form

ME ® & + by ( 1oy 3-8) for 8 < 10% and

WC ® & ¢ by ( 1o, 8-8) for 10% < § waere

S = #0141 vater suction in bars

t = 'Dreaking pointd denoting the loy of suction
at wvhich water becomes more difficult to
remove from the soil when the suction 4is
further increased,

a, b, and ”2 «- Yogrossion coefficients

For the laterite soils of Xerala, Thulasidnaran

(19683) founé that the exponential quadratic model was tim
most sultable predictiocn model for wolsture ciaracteri-

sation,

a

It wvas of the form log y = a~bx + ox", wicre y wvas

16

the soil modsture tension in bars, x the moisture puroentage

on weizht baste and a and D aye canstants.

showed that tie Cobb Douglas function log y = & - log bx
as the best £1i¢ for soisturs casracsterisation of the
alluvial soils of Kerals,

Fremeela (1963)
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MATERIAL AND METHODS

The study was condutted at the College of
Horticulture, Vellanikkars curing the periocd from
Hovember 1983 to deptember 198k,

1. §oil

Fed and fareat soil groups vere selected for
the study. 38o0il samples were colleetad from taree series
each established by the soil survey unit of the Departaent
of Agriculturs, 7The three series of red soil, Heypore,
Ruphimangalan snd Cherniyoor, were located at Caliocut,
Cannanore and Irivandrum districts, reapectively. Forest
soils vere colliected fron Shalayar, Periyas and Sankiri
series of Trichur, Wynad and Privandrun districts. From
eacii series, soil samples were callected fron tiree profiles
at different locaticns. Morphologisal descriptions of
the typifying pedon of each seriss are jiven in Appendizx~1,

2. Saxppling progedure

For red soll, pits of 1.5 = vere dug at three
different losations from esch series, 8041 sanples were
collected by soraping the sides of the pit at five depths
vi2,0«30 en, 30«60 om, 60~90 em, 90~120 cx and 120-150 om,
In the gase of foreat soil, 1t was not possible to take
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the samples from the five depths due to the limits of
dapth of the soil, The sampled depthis varied for the
prafiles sccarding So the depta posaible. These sanples
were ussd for studying moisture retention and soil
properties,

The samples for the determination of bBulk density
wvere collected using core Samplers of 10 om length and
b, on diameter, The eore samplers were hpomuered vertically
dowm into the soil from the top of the pit after removing
the top 10 om 304l layer of each depth,

The gravel percentage of eath sample was deteruined
separataly fromn ssmples taken for bulk density deteraination
after oven drying. The more than 2 mm fracticn was vashed,
cven dried and weighed and expressed as the percentage of
the totel weight of soil,

The callscted soil sanples were air dried and
paseet thrcugn a 2 s sleve, Naisture retenticn studies
vers node at pressures of 0.3, 1, 3, 5, 10 and 15 bars
using the pressure plate apparatus (Richards, 19M7).

Por this, the samples were Saturated owernight in rubber
rings and trenaferred to the pressure plats, alasc saturated
overnight, The plates with the samples were then brought



10t equilibrium with the applied pressure for Fehé

hours. The moisture contents of the samples in equilie
brius with the applied pressure were then determined by
grovimetric wthod after drying in an electric ovan at
165-110°C, Moisture rctention studies wers replicated thrice
for sach sample.

Moisture rutention by gravel waa determined for
forest soil samples only. The gravel content of red soil
samples was. o0 low to be cunsidered, The wazned anc
dried gravel was snturnted overnight in water and then used
for the determination of moisture retention at C.3 and
15 bars. The oversnll meab retention by the grasvel was then
canlculsted. The molsture retontion at 0.3 ané 17 bars
incilucing _ravel on volume Lasis vas oalculated Ly
Dultiplying tue weli hted values on weight Doels inclucing
gravel with the bulk uensity of oach sample.

Avallable wvater of the 301l saxples was deterauined
by finding the molsture held between G.3 bar and 15 bars
pressures, The avzilable water cantent of trne sicved soils
was detorained on weight basis.

Mofoture retention by the soil inciuding grsvel
at C¢3 and 15 barz was separately csloulated for each sample
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from the water retention by sieved soil, its proportion,
tiie retention by gravel and its proportion. Taese retention
valuos were then converted o volume Lasis by wultiplying
tiie vatar retention o weight basis wili, the bulk deusity
of each sample. 7The availaole water coutznt on voluse
basis vas finally onloulated as the difference in water
content at 0.3 bar and 15 bars on volume basis.

9. Baztisle s5izo distributicn analvsis

Mechianical cowmposition of the ¢ m sieved soil
fregtion vas found out by the International pipette weti.od
gs proposed by Piper (192). The particle sige distyribution
including iravel was al:=o found out by incorporsting tae
velghts of gravel and gieved 301l of each sample.

Walkley ani Alack titration method (Jackson, 1958)
was used to deteraine tue organic carbven omtant of the

0.2 ™ sieved soil.

Correlation atuilies were oade Detween the moisture
rstention of the ajeved soll at different tensiuns and
orgunic earvon and textural oconponents. MNultipie regression
annlysis as sugiestec Ly Enedecor snd Cochran (1967) was
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axployed to arrive at suitabie prediction eguations
relating molsture content at field capacity and wiliing
peresntage with arganic earvon ag texture, In tho gase
of forest soll, two sets of prediction ejuaticvng were
ceveloped, ohe for moisture retontiaon of sieved s0il and
snother for moisture retention inclwiing gravel. Molstuie
rotention ohar:cteristic curves were also arrived at for
t e red and forest soils using the mean retontiun values
of the sieved so0il, vbtained from the entire sauples,
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EBSULTS

Data on the neab woisture retention of the £
oieved s0il on weight dasis for tne cifferent series and
tiiedr overall mean values are furnished in Taole 1.

In genercl, as the tensian increased from 0.3 to
1% bers, there vas a decrease in the asount of soisture
retained by the soil, But the rste of cdeorease vas saall
at the highest tensions ., 10 and 15 bars, among the
three series, Cherniyoor seriss showed compuratively
ndgner retention at all the tensions for the cifferant
layers,

The values for the .misture retention at {iaeld
cupacity ranged fyom Y. per cent to 11.7 ,er cent in tne
cifferent series with a mean of 10,05 per cent. AL
permpanent wilting point, the uead retentliun was 7.21 per ocent,
wille tiie values ranged from 6.5 to L.+ jer cent.

Simdlarly, the mean avellable water content azounted %o
3.2+ per cent, the range of values being frow 2,93 to It
per esnt in tue different series, %The avsilavle water
econtent reaained nearly tae sawe in all the profiles of

tie thiree series,



Molsture retentiun by 2 ma asieved s0il (Percentage by weight)

a) Beypore series

Lepth 8041 muisture tenaion (bars) Availasble
pd : vater
0.3 1.0 3.0 5.0 10.0 15.0
0 - ” 8059 6.93 6«.05 5065 5'“ 5009 3.50
w - 60 3.& 7.73 ﬁo&g 6.50 6059 6:10 2‘?‘
80 - 90 9.69 8.07 7.5 7.39 7.21 7.006 2.63
90 - 120 10.08 8.65 7.95 760 737 7.22 2.86
120 - 150 10,03 8.3% 7 o6 725 - 726 7.09 2.9%
Nean .45 8.03 725 6.88 6.78 6.51 2.93
b) Bmhimsngalas seriss
Depth 8011 modsture tension (oars) :::g.ublo
on 0.3 1.0 3.0 5.0 10.0 15.0
0~ 30 8.8 7.35 6.27 5.75 5.26 5.25 3.23
30 - 60 9.58 803‘ 7.19 6.6? 6011 9031 3.27
60 - 90 11.‘1 3073 7068 7018 6.78 ﬁ‘” “e’“
% - 120 10.76 Be 00 760 72 6.69 712 3.66
120 « 150 10.9% 'R Ge53 Gothe 7.89 7 ol 3.10
Mean 10.1€ 8.38 746 6. 99 5.5 6.70 3.08

(Cm&tﬂ. )

o



Table 1 (Contd.)
¢) Cherniyoor ssries

Depta 501l wolsture temsiun (bars) avgllbla
wvasey
- 0.3 1.0 3.0 5.0 10.0 15.0
0- X 9.72 8.12 7o 6.83 6.39 6.1 3.31
30 - 60 ‘2."6 11.& 10.06 9.50 8.% 8.76 3-70
60 - 90 13.01 13.% 10.16 16.09 9.59 .80 3.61
30 « 120 1,37 9.65 9.05 8.85 8.53 8.46 2.91
120 « 150 12.13 10.77 J.6% 9.57 9. 16 3.Ch 3.07
Mean 1.5 1048 e e 8.95 8.52 B.02 3.32

d) Overall mean retention at different tensions (perceatage by weight)

Depth So4l motiature tension {(bars) Avsileble
water
- 0.3 .70 3.0 5.0 10.0 15.0
6 - 30 8093 7;"6 ﬁcss 6007 5'70 5058 3‘35
30 - 60 10.29 9.03 8.02 7.52 7.21 7.06 3.23
60 - 90 1.7 9.52 8.56 .22 7.86 7.81 3.46
w - ‘20 10-?0 8.7? 86’8 7.89 7.53 7.&0 3.*

1005 8.86 7.98 7.60 7.28 7.2% 3.2
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When the tension was inoreased froas 0.3 o 1 var,
49 per cent of the total avallanle water was removed.
The depletion was <7 per cent as thw %ensin increassd from
1 o 3 bars. The increase of tensiun from 3 to Y bars and
5 bars to 10 bars resulted in the resoval of 11.7 per cent
and 9.8 per cent avrilable water respectively. Ihe moisture
extraction vas only 2.1 per cent whesn the applied pressurs
ciiangjed from 10 to 15 bars. Thus it was observed that
most of the totul availndble vater was rexuved as the tension
reschied 3 bars (87.7 per cent)., An attenmpt was nade to
arrive at a sultsvle precdiction mocel for auisture cialee
cterisation anc the bDest f£it was obtained with the :adcified
exponential curve y sk « ab® ... .... (Sguation 1)
vhere k 18 a constant called asymptote, a and o are cunstznte,
¥ 18 the souil zuisture tensiocn in bars and x is the corres-
ponding soil moisture content on perc-ntage weignt basis.

Data on the overall mean retention for tUie layers
incicated that the moisturs retention was lovest in the
topuost layer and highest in the last layer. An inoreasing
trend with depth was ovserved for woisture retentiovi,
tuough 4t vas not cunsistent, However, the av:ilabDle wuter
cntent falled to show any such trend and the v-lues were
alzost the same,



_Fig-1. MOISTURE CHARACTERISTIC CURVE FOR THE 2 MM SIEVED
FRACTION [N RED SOIL.

O ESTIMATED VALUE
X OBSERVED VALUE

11

Y = 7.22 + 3.419 x 0.54

10 1 X R*z0.93

—————MotsTURE CoNTANT ((PER CENT BY WEIGHT)
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Ko marked wariation wvas observed dDetwesn the
watsr halding capacities of the three different profiles
of s seyies (bata not pressented),

2. o) properties
2.1, Texture of the 2 mn sieved portion

Table 2 presunts the data on tie mean textural
composition of the different series,

The predosdnant textur:l class was sandy ciay
loase Excegting Cherniyoor sesies, the otner two series
were founc to Belong o the adbove te.tural class. Anong
t.e two sond rraéuwa, the content was hizher for fine
sand (0.02 = 0.2 m.). Tnue memn values for the textural
saparates for the different series ranged {from 26 to 29
per cent in the case of clay, #9 to 66 per cent for fins
sand and G.0¢ to 16,8 per cent for cuarse sand., Ine overall
mean values in thase cases were 2,1, 58.5 and 13+ yer cent,
respectively. The silt cumtent reugined al:acst the same
in all the serfes with a mean v:-lue of 4 per csnt,

It vas observed that the clay cuntent was miniuuwm
in the surface layer in all the series and the otner layers
si.oved simjlar values, On the contrury, the gsanc f{raction
was geherally hignher in the surface layers. The toteal
fine fraction (clay + silt) incicated an increasing trend
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Table 2. Textural composition of the soil (percentage)

a) Beypore series
Depth 841t Fine Coarse Textursl class
“p A sand ‘and“
0 - 30 “066 6:” 6&21 10081 m, loan
3 - 60 20.78 2.79 67.63 8.86 Sandy clay lomm
60 - 90 21.79 2. 65.27 10,00 Saniy clay loam
9 =120 3.5 3.22 o, 92 8.9 Sandy clay loam
b) Xunhinengalam series
Depth Clay 811% Fine Coarse Textural class
on sand sand
0 - 60 20,56 b, 75 61.28  13.M1 Sandy clay lomms
60 - 90 22,9 3.75 60.60 12.75 8andy clay loan
90 = 120 236,00 1.53 59.52 18.55 Sandy clay
120 - 150 2,38 lo o D¢ 57.36 .00 Sandy clay losms
Mean 22,60 309’ 60-3’ ’3055 m, Ql” loam

(Contd, )



Table 2. (Ctmtd.)
¢) Cherniyoor ssries
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A

Depth ; Silt Fine Course Textural class
cg Glay sand sand
O« 3 2.5 “072 53.79 18.99 Sandy clay loam
- 6 31.69 W40 47.79 16,12 8andy clay
6 - 90 30.26 b,06 b7.95 17.98 Gandy clay
90 - 120 29,66 3.18 50009 16.7% Sancy clay
Mean 29.58 k.09 Lo, 17+23 sandy clay

d) Owverall mean toxtural composition

Textural class

Pepth Clay Silt Fine Coarse
on sand sand
0« 3 18.66 b, 82 61.57 ﬁn” Sandy loam
- 60 .3 3.98 58.90 12,89 Sandy clay losm
60 - 90  M.96 3.58 57.9 $3.59 Sandy clay loam
90 - 120 26, 3 2.6M 58,26 12,8 Sandy clay losm
120 - 150 26413 4,80 55.98 13.09 Gandy alay loam
Mean 2,08 3,96 58,58 13.42 sandy olay loam




wvith depth, a3 evidenced dy the data ob the overall
pean toxtursl compoaition and the textursl composition
of the different series. The above depth wise variation
in contents of texitural) separ-tes was, however, not
consistent and erratic v .ilues were gbdserved in several
profiles,

Comparatively nijher clay andi coarse aznd contents
vere noticed in the Casrniyoor series in sll the five
gepths, The fine sant cuntent was relatively low in tads
series. Tue variation awwng the different profiles in a
series with respect to their particle size distributi.no
wts erratic and tiue overall range was from sandy loanm,
througn ssndy clay loax t0 sandy clay.

2.2, Organic carbon cantant

The organic caroon percantage of the three series
was found to decrease consistantly as ths depth increased
(Table 3). The topmost layer had o mean content of
0e38 per cent whnich dropped to aliwst nslf (Ce2 jer cent)
in the lowermset layer. The walues for these two layers
ranged from 0,31 to 003 and 0.13 W 0,30 per cent, respe-
¢tively in the different series., Ihe oversll mean orsanie
carbol: content was (.20 per cent. Cunapiouous variativns
ware observed detveen profiles anc even witnin a profile
between the dif erent layura.



Table 3. Jrganic carbon contenta of the different series

{peroentage )

Depth Beypore Runhinangalam Cherniyoor Oversll

oan series series series mean
0 - m O. 38 0. 32 0.“‘3 O. 38
30 - 60 0.26 0023 0. 39 0.29
60 - m 0.23 0015 0032 0023
” - ‘20 0. ‘9 0- 11 0.25 0. iﬁ
120 « 150 0.17 0.13 0.30 0.20
Mean Ce25 0.19 F Cs " C.26

Table b, Sulk densities of the cifferent series (g oc”)

Depth Beypore Xunhimengalan Cherniyoor Overall

on series sories series noan
0~ 3 1k 1.1 1.8 1.0
- 60 14 Tolbe 1.3 1.43
60 - N .02 1.6 130 1.39
90 - 120 1.38 1. .35 1.39
120 - 150 1.38 1,08 1.35 R R

Mean 1.1 1.05 1.38 RS




31

2.3+ Bulk density

The ulk density velues for the different aseries
together with the overall mean for the entire samples are
prescnted in Table b,

The assap bulk denxity vslues ranged froas 1.30 to
1.8 g ee"‘ vith an overall mean of 1,49 g co". Though
variations were noted in cifferent series, the bulk density
values averaged over all the series shoved n steady decrease
with increasing depth:, the average: for deptns of 0-30 ¢u

and 120=150 o being 1.0% and 1,80 g ce™', respectively.

Molsture retention at 0.3 and 15 bars and avalle
able water oh volums basis were determined by wltiplying
the corresponding retentiun velues on weigut dDesis with the
bulk cenasity of esah, Data obh these are presented in
Table 5.

The different series ghowed relatively gisiliar
vslues of avsilsable volumetric water content with the ssan
velue of 4,6 per cent. The field caprcity anc permanent
vilting percentaie were 1.7 and 10.1 per cent, respectively,
The range of volues was £30i5 13,3 per cent to 16.2° per gent
in the cass of filsld capacity and 9.2 to 11,6 per cent for



Tadle 5.

Hodsture retentisn on volume basis for diffeent smries (percentage by
volunme) at 0.3 and 15 bars.

a) Baypore series b) Xunhimangalas serics

Lepth 0.3 15 Available Deptn 0.3 195 Availsble

en water on vater

0 - ” ﬂoﬁ 70’. scd* 0 - w 110% 7‘“‘ boss

6 - 9 13.75 10.02 3.73 6 - 9 16.23 10.19 6.0

9% -120 13.92 9.97 3.9 9% - 120 15.5% 10.27 5.7

12G « 150 13.83 2.78 %.05 120 - 150 16.19 11.60 4,59

jean 13.27 9. % b,13 Mean ®.A 9.71 5.03

6) Cherniyoor series d) Overall mesn retentioo on valume basis
Depth 0.3 15 Availanle " Depth 0.3 15 Available

on water cn wvater

O - m 1".35 90“7 kom 4 I ” 12.90 6007 kc&B

30 - w 17079 12050 5¢29 3& - 60 *‘69 10.06 "‘053

60 - w ‘6:8? 12.19 5..68 60 - w ’5-62 10080 h‘o&

90 -« 120 15.33 11049 3.92 90 - 120 .93 1.5 %.38

o



permanent wilting point. No canalstent trend was
observed with depth 4in any of the serisas.

e Correlaticn atudies

Correlation coefficisnts were worked ot for
roisture retention at the six tensicne with organic carbon
ountent ond texture. They are fumished in Table 6.

The clay contant showed a highly signiffeunt
paeitive correlation with water content at all the tensions.
Wit silt, a positive relation was oLtuined at all
oxcepting 5 and 15 bars. A significant negative relation
vas obtuained witi: fine sand but the negative relation with
course sand was not aignificant. A lack of significunt
coreliation with orgasnic carvon content was observed,
AVeilable woter followed a trend slmilar tc the wolsture
percentage at 15 bars with clay giving siznificant positive
reletion and fine sand showing aignificant nogative
currelation,. '

Interccrrelations of fielc eapscity, permanent
vilting point and availlable water with organic cardon and
textur:l separates indicated that tie clay fraction was
positively correlatod vith all the three purameters,
311¢ contant had si nifleant influence on fiaeld capacity



Table 6.

Corzelation coafficients f aolisture percsntuages at differsnt
tansions and available watsr content of 2 mm sized 20411 with

taxtural separutes abd organic earbon,

ST, o e e SET JEE
0.3 0.8599%» 0.3252+ ~0.7332%*  «0.0352 0.1839
1.0 0.P27e~ 0.3720* ~0.75%0%*  «0.0013 O.2e92
3.0 0.8917e+ 0, 300he ~0.7732**  ~0.0085 0. 180k
5.0 GC.891ss 0.2678 (.77 3% ~0.0066 0.1863
10.0 0.8836e» 0.2959* =0, 7286w~ ~0.0610 0. 1%
15.0 Qo IC2 30 » 0.2807 ~0.799%s 0,003 0. 112
n:::g:n 0. 3609 0.28 -0. 3518 «0.0015 G267

* 2:onificent at § Jer cent level
ee gamificant at 1 per cent level

%€
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only. Fine sand was significantly and nagatively
correlated with all the wvariables studied except ailt,
Both field oapaaity and permsnent wilting point influenced
the poroentage of available water but field eapacity had
the greatesr offect than tiw other, The organic carvon
aontent hed a significant positive relation with content
of coavse sand while with fine send, a siinificant but
inverse relation was noticed (Zadble 7).

Prediction equations were developed to eatimate
the moisture retentian at 0.3 and 15 bars £rom a knovledge
of the aontents of organic oarbon and various size fractions,
These squations are pressnted telow. The analyses of
varianse are given in Appendices 2 and 3.

a) Motsture peroentage at 0.3 dor 01)
]“ = $.9228 + 0.,2920 31 + 0.317% 32 * 0,0020 ‘3 -
0.0186 =, + 1.3930 x5 (A? = 0.87).

b) Molsture parcentage at 15 bars (ya)
’a ] 19‘% + 0-0553 “ » 0:0352 ‘2 - 0.‘938 xs -
0.206% %, + 0,1635 x; (R? « 0.90)

X4 ® olay per gent

2y = ailt per cang

Xy = fine sand per oent

X, = ocoarss sand per oent
3g = organic earbon per oend



Table 7.

availaiale water with textural separates snd organic carbon.

Matrix of intercorrelations of moisture contents at 0.3 and 15 bars and

Moisture Moisture

Availnble

Fine Coarse Jrganie
par cent at per cent water Clay 811t
0.3 bar at 15 bars samd sand carbon
Modsture _
par cent 1.0000 0. PebPe» O.6h99%* (.8599» 0.3252* <«0.7332** «0.0352 0.1839
at 0.3 bar
ffi“:“": 1.0000 C.3802%% 0.9023%*  0.2807 ~0.7498  -0.0M31 0.112%
at 15 bars
Available 1.0000 0. 351C* 0.2M:8 Qe 35180 =0,0018 0,26
vatsr
Clay 1.0000 =001t 3. 78170 0.0153 0.0793
811t 1.0000 -0, 198 «0. 1060k 0. 1255
Yine sand 1.0000 -0.5?58" -8, 3021
Coarse sand 1.0000 OC.P55¢
Organie earbon 1.0000
s Significant at 5 per cent leval
s» Giunificant at ¥ per cent lewe)
(V&)
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Attempts made to wark out a prediction model
for available water eontent yiealded an sguation with
lov predictaudlity (P® w 0.25) and hence is not presented

here,

1.1. Moisture retention by 2 mm sieved fraction

Data on the polisture retention at different tensions
for the different series and their overall mean are ;iven
in &blo B.

As expected, inoreass in the appiied pressures
from 0.3 %0 15 bars resulted in the dec:eas in retauined
moisture content, The retention vas almost the sgame at tie
higher tenaions, 10 and 15 bars. 7Ine different layers
exiibited varying extraotion rates at different tensious.

The moisture retention wvalues sinowed considerable
variation asong She diffexunt profiles anc at all the
tensions studied, Shaolayar series contained the lowest
axount of moisture. 7The field eapacity vnlues ranged from
20 to 26.% per eens, with the msan value of 4.8 per cent,
8inmilarly, the wvalues for perusnent wilting point wvaried
fron ¥ to 19 per cent, wiile the mean was 16,1 per cent.



Tahle 80

Molsture retention oy 2 am sieved soil (percentage by weight)
a) Shalayar series

De oth Soil moisture tensicn (bars) Available
on water
0.3 1.0 3.0 5.0 16.0 1.0
0 - w 20.77 '70” 15.01 ‘5-“3 '5-* ‘50‘7 50“
30 - 60 19.29 15.89 .27 %, 01 13.51 13.26 6.03
Moan 20.03 10.63 ) - *,72 .33 .22 5.81
b) Foriys series
Dapth | 804l muiature temsion (bera) Availeble
an water
0.3 1.0 3.0 9.0 10.0 15.0
0~ X 28.75 25.35 22.7 21.83 21.5) 21.5% 721
30 A 60 26.% 23-“2 210“ 21'00 '907? ‘90% 60“
w - ‘20 250% 22.“3 2&3.6\ ‘9.& “9&5@ 19.99 60“7
Nean 26,08 23.03 20.82 2C. 31 19.87 19.71 6.77
(mmo )

§&




Table 8 (Contd.)
) 3ankiri suries

Depth 801} =odzture tenzion in burs Available

cn water
0.3 1.0 3.6 5.0 10.C 15.0
° - 3° &.QB m.51 18.6’ 1?0& 1?.31 170 18 6.%
- 60 25.%92 2.01 20.C6 19.6¢ WMt 18.8¢ 6.72
60 - 90 25.91 1.9 15.93 16.89 18.03 18.07 7.84

d) Overall mean moisture retention by the 2 mz mieved fractions at differest tensions
(percentaze by weight)

De:pth 801 moisture tenasion in bars Availlsble
om watley
0.3 1.0 3.0 5.0 10.0 15.0
O - M &052 2‘007 18.79 18.17 170” ‘7.* 6;56
30 - 80 23.7% 2044 18,8 18.16 17.23 17.27 6.8
9 - 120 25.56 22,03 20.6% 19,0k 19.50 19.09 607
Nean »,85 21.29 19. 3 18,07 16,32 18.15 6.70

6€
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Hovever, almost similar av:ilable water contents, close
to the mean v:lua. »f 6.7 per cent were shown by the
different series,

As the tensi.n increased from 0.3 to 1 bar, about
53 per cent of available water vas released, A change in
pressure from 1 to 3 bdars removed 29 per cent of wetsr and
tre extraction vas 10 per cent vhen the applied pressure
was raised fron 3 o 5 bare. The proportion of availaole
vater deploted vas as lov as 5.2 per cent when the tension
increasec fromw § to 10 bars and 2.5 y+r osnt as it reached
15 bars. Thus it was ovident that the greater part of the
tot:l availadle water was removed when the tension vas
raigsed to 3 bors fron field capacity., Uf the various
prediction models tested to define miistulre characterisation,
pocified exponential curve dascribed by the equation (1)
wvas found to be t:e best fitting.

The overall mean wnlues indicated an inounsistent
increasing trend in molsture retention with depth, iHowever,
with Sholayar and Periya series, the reverse was found to
be trus. It is to De noted that the soili depths varied
in the different profiles being upto O oa only in Shalayar
series, 90«120 on in the Periya aseries and 60 w 9% om in
Sankiri series, Tuhe overall mean values thus are from



__F_uaﬁ MOISTURE CHARACTERISTIC CURVE FOR THE 2MM SIEVED
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profiles upto 60 om,920 em and ¢gO ch respectively. In
none of the profiles, the suil was deeper than 120 om.

1¢2. Modsture retention by gravel

Rosults of the studies on molsture retention uy
gravel showed that it vas substantially leas than that of
2 mm sieved so0il)., Moisture retention by gravel was Getore
czined for 0,3 and 15 bars only (Table 9).

There was considerzvle variaztion azong the different
series in ti.e values of wmean retention by gravel, Periya
series shoving compsratively higher values., Tne overall
mesdt rotention at 0.3 and 15 bdars vere wurked out o de
10.80 and 9,06 per cent, respectively.

Contrary tc the expeated pattern, sume of the
samples recored nijher auisture cobtents at permanent
wilting point than I'ield capacity, Fesulting in negative
values for availadle water santent, This feature was
Bainly shown by the sapples of the 0«30 ¢w layer, IThe
overall wean availaole water caloulated from the entire
samples was 1, per cent

2. jodl _iropervies
2.1 Textuie of tie 2 mw sieved portian

The mecharnigal couposition of the different
profiles, avera ed for the three profiles of a series



Tabhle 9. Moisturs retention by gravel (percentags by weight)
a) 8halaysr series b) Periys series
Depth 0.3 15.0 Available Depth 0.3 1%5.0 Availshle
on bar bars wvatay om bar bars wvater
0 - ” 3.02 8-” -'0083 O - 30 11-03 “.22 ‘00’9
Y- 60 B.72 8.83 «0e 11 ¥ - 60 1.66 9.99 1.67
Nean 8.37 8. =0.47 90 - 120 12.80 10.76 2.0
@) Sankiri series d) Overzll mean retention by gravel
on bax bars wvatsr on bar bare wvater
° - ” 8038 a.“ 0'12 0 - 30 90“ 9&“ "'00”
3 - 60 .60 8.56 1.08 - 60 10.00 9.13 0.8?7
60 - w 10003 7-08 2095 50 - W '1.6 3.“9 2.%
Mean 9.35 797 1.38 %-120 1280 10.7 2.0




and their overall mean values ars furnished in Table 10.

The main textursl class of the soil vas uund
to be clay. 7The mean clay content was as high as Wb
per cent wihich closely asgreed with that of Periya and
Sarkciri series, Compared to this, 8S8uolayar seriss oohe
teined lesser amount of clay, sut more of fine sand. In all
the seriss, clay cuntent indiontsd zh ifnereasing trend
vith depth wille the sand fraction decreased, The Olay
an¢ fine sand togeta:Yr constituted about 70 per cent of
tiie totel size fracticmns.

2.,2. Particle size distribution inciuding gravel

Tne particle sigze distribution including gravel
vas found cut by incorporating the weights of gravel and
sieved s01l of each sample., These data are presented in
Taule 11.

The content of jsravel averajed over the entire
samplos apounted to 29.88 per eent and the msan values
for the different series were in the range fzum 20,79 %o
2.5, But the gravel cmunia in gerersl siiowed at
increass with deptn. Values as low as 5.5 pur cent in the
surfnee layer (Sholayar eeries) to ns high as 51 per ocent
in the fourth layer (Periya series) were cbseryed (late
not prasented).



Table 10, Textural eouposition of 2 mm sieved s0il (percentage)

a) tholayar ssries
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Depth Clay a11¢ Fine sand Coarse Textural class
L esand
0 - Y ,0.50 11.63 3%5.05 ‘8.52 Sandy clay loam
X - 60 36.60 13.27 35.08 15.05 Sandy clay
b) Periya: series
Depth Q.ay aile Fine sand Coarse Textural claass
on sand
0~ 30 35.86 23,63 26,73 13.78 Qlay 1oem
30 - 60 "“Qm ”033 25.“0 10;39 qu
60 « 9 b, 90 ", 26,52 00 Clay
” - 120 50:,‘ 17016 32.73 9.77 01;7

(Cmﬁ. )



Tadble 10 (Contd,)
¢) Sankiri series

Deptn Clay 81t  Fine sand Coavse Textural class
on sand

0« 30 36,83 11,81 30.63 20.73 S8andy clay

0. 60 LY. 9o 21,086 21 CGlay

60 - 90 50677 3.56 21.98 23.69 dandy clay
Mean "’5.0’ Bolehe 9’-56 21.95 dandy clay

d) Overall mean textursl eamposidion

bc‘pth Clay 841¢ Fine sand Eﬁ” Texturaul class
0~ 3 35.83 15.69 .80 17,68  Sandy clay
30 - 60 42,00 15.18 27.19 15.63 Clay
60 « 90 W7, 9.05 &h25 18, 86 Qay
90 - 120 5Ce Jo 17.1¢  22.73 9.77 Qay

Mean hi,00 Me27 20,50 15.%9  Clay




Table 11.

a) Shalaysr series

Particle size distributfion including gravel (percentage)

Depth 2 4Clay 841¢ Fir: sand Coerse sand dravel
cn
0- 30 29.98 10.23 .09 16.06 13.60
3 -~ 60 2.71 7.88 20.73 8. M 99
Mean 26, .ﬁ 90“ 25 ‘bo 12.“0 25.79
b) Periya series
Depth Clay 851¢ Fine sand Coarse samd Gravel
on
0~ 30 27.89 18,65 21.63 10.53 21.30
” - 60 3‘-08 15-5" 18-,’ 70?’ 27030
60 -« 9 3109 10.38 1935 10. 18 28,60
90 - 120 31.72 10.77 *.73 5.83 %99
Moan 30.5% 13.5 18.51 £.97 20,5
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Table 11 (Contd.)

¢) Sankiri series

Depth Clay 811¢ Fine sand Coarse sand Gravel
cn
30 - 60 38023 8.22 170’2 17-60 18.83
60 - 90 28,62 2.01 1243 13.39 3.55
Mean P 6.45 16,35 15.98 26.95
d) Uwerall mean particle size distrivution including gravel
Depth Clay 341¢ Pine sand Coarse sand aravel
on
0 - w 29.25 12067 25-77 1“"5‘ 1?080
30 « 80 30.67 10.55 18.73 1.3 28.69
60 - ” 30.“ 6.& 15089 "t” %.08
W - 120 J1.72 10.77 *.73 583 3.9
Mean 0.2 10.05 16.78 10.87 29.88
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A compariscn of the individual profiles indicated
tiat conspicucus varistion existed between the profiles
within a series and also betwesn the profiles froam different
series for tne different layers with respect to peroentages
of sime separates.

2.3. Organic carbon eontent

Data an the msan organio carbon cunients of the
different series and the overall meanh values for the four
layers are presented in Table 12,

The relation Jetween organic carson aunhtent amd
cepth of the 301l layers was inverse, The swface layers
giowed us aigh values as 2.72 per cent w.ich decreased by
pore than half in the second layer. The content in the
tndrd layer was only about omes-fourth of that of the top
layer. The oversgll aean organic ecaroon content was
estimated to be 1.35 per cent which differed consideradly
only in the 8holayar series, But this varistion should be
treated as incidental aince the nunber of samylos wvas less
for tuls seriss,

surface layers of the different profiies snowed
nore O lesr similar organic carhon eontents odutl there
vas greater variation for tue other layers.



Tahle 12, Organic oarbon contedts of the different series

(Percentage)
Dapth Shoh{ar Peziya Sankiri Overall
] series series sarins sean
3‘) - 6& ’022 "2? 1.09 1.19
66 - 9 - 0.79 0.47 0.63
90 - 120 - Oo - O
Mesan 1.8 1.8 X 1.3

Table 13. Hldk deneitivs of thw different series (g oc~1)

Depti duolayar feTiya Sankiri Jwerall

on aorics series series mean
L4 3 3‘0 1026 1.* ‘h&ﬁ 1.@
w - 60 105’ 1-20 1.39 1.28
650 « 90 - Py 1.53 1.39
90 - 120 - 1‘33 - 1.33

Hean 1.25 1.23 1.39 .3




2. Bulk d.nait’

From Table 13, 1% cxild be observed that the bulk
density showed an Ancreasing trend witin depth. The bulk
density was relatively low in the Periya series vhere the
organie oarbon content was higner, IThe over~ll seal was
vorked out to be 1.31 g gc™'*

3.1, Modature retention aixi available water including
gravel on weizht basia

The moisture retontion by gravel at 0.3 bar and
19 bars was separately foumi out for easi sample. These
values vere then incorpurated into tae Yeteantion by the .
2 p sleved soll to estizate the retenticn including
gravel at 0.3 and 15 bars. Ihe availauls water was then
csleulated and these values are presented in Tadle 1,

Both at 0.3 bar and 15 bare, the moisture retentiam
by the profiles showed o decreasing trend with depth,
but 4t was not consistent, However, the overall wean
values failed to show this trend due to tha varistion
in the nuder of samples constituting the asan, As in the
cas of 2 wmo sleved fraction, 8holayasr seriss deviated
from the mean vaiues, Ine mean mulsture retention
calculated fYom the entir: samples was 20.7 por cent at
fielé¢ capacity and 15.6 per cent at permsanent wilting point.



Table ¥. Modsture retention including

{peroentuge by weight) st G.3 and 15 bars.

a) dholayasr aseries

) Periya serica

mwnlxnuu@&umusﬁwwnﬂhmmt-whm

Availeble Depth Ge3

Depth 0.3 15 15 Availsdle
en bar bars wvatsry on bar bars vater
0 - 30 19.02 .27 b, 7% 0=~ 30 2,95 19.15 5.80
30 - 60 15.21 11.68 3.53 0 - 60 22.27 17.63 Sede
m - % 2‘052 ‘Goﬁ" 5.51
Nean 17.12 12.98 oty 9 - 120 21.00 16.23 N.77
Mo an 22 N 17.1% 533
c) Sankirli series 4) Jverall mean
Depth 0.3 15 dvailabdle bepth 0. 15 Avallacle
o bar Bars vater o ug bars vater
0- 3  20.98 15.46 5452 0 - 30 21.65 16.29 5.36
3 - 60 2207 16.78 5.59 30 « 80 19. 98 15.16 h.82
60 - % 180% ‘3028 ‘)-70 60 - w 20025 *065 Ss60
% "‘20 2'.06 16.23 h.??
Meon 20\'81 15¢ 17 5.“
Hean 200?2 15.58 5'*

98kot !

1§



The av:ilable water gontent also followed the
sale pattern as that of retention at 0.3 bar and 15 bars.
Wide variaticn beatusen the mean values for cifferent
series vas ndsent and they glocely approxiumated the
oversll mean vslue of 5,1+ per cent,

Je2. Molature retention and avallable water including

gravel o volume basis

Lata on the moisture retention and aveilaule

water were obtained for each sample by wmultiplying the
corrssponcing values on welght bagis inoluding retention
by gravel by their respettive bulk densities., The nean
values for wie cifferent layer: in each series and the
overall mean retention vclues were then worked out
(Taole 15).

The mean vslues of fisld cepacity for the tiree
series ranged from 21,01 to 28,83 per cent while in the
cane of permepnent wilting point, the range vas froa 16'.29
to 20,99 per cent, The owverall iean valus in each Case
vas 26,90 and 20,20 per cent, respectiwely. The mean
available water content estimated as 6.70 per cent ranged
from 5.20 to 7.80 per cent, More or less sinilar values
wore shown by the different layers except in the Haolayar
scries where the retentian was low. The availa.le vater

cuntents also vere found to be higher in the layers having

kigner retention,
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Talhle 15. Moisture retention including
different series at 0.3 and 15 bara.

a) 8holayar series

b) Periya series

‘nvel on volume basis (percentzge by wvolume) for

Depth 0.3 1% Available
on bar bars watsy
O« 30 23.96 17.98 9.98
m - 60 '80% 1"0% koﬁ
Meari 2101 16.23 518

¢) Sankiri series
Depth 0.3 %5 Avziladle
on bar bars wate?
0~ 30 26.23 19.33 6.90
30« 60 31.23 23.32 7.91
60 - 90 29.“ 20.” 807?
Mean 25.83 2C.93 7ethe

Le,th 0«3 1% Avallsghle
) bar bars vater
Q= m 2&&“ 2’.83 boﬁ‘
20 -« 120 2793 21.59 oo
Hean 27.‘*35 25‘93 6052
d) Oversll mean
Dapth C.3 % Available
cm var bars vatar
- 3 2621 19.71 6.50
- 60 25.60 19.41 6.19
650 « 9¢ 27.86 20.09 7.77
90 - 120 27.93 21.59 CeFo
baan 260,90 £0.20 $.70

e, -
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. Corralation studiss

L,1, Relation of wvater santent of sieved soil on veight
basis with arganic garban and texture

Correlation coefficients for the moisture percen-
tages at different tensions with soil propertiss were worked
out and these are presented in Tahle 16,

Clay content vas found to be positively related
to the molsture percentages at all the tensions., Highly
significant correlation coefficients were obtained
especially at the highor tensions., The relation witsa silt
fraction vas significnnt and positive. Fine sand showed
high negative correlation but the negative effect stiown
by ¢oarse sand wvas not significant, Organic caerbon sontent
frniled to have any effect on moisture content at any of the
six tensions studied,

Predicticn models were dsweloped to predict tas
moisture percentages at G.3 and 15 bars snd also the
available water content with organiec easrvon and texture,
8ince the predictabllity of the equation for available
vater guntent vas less thed 50 per cent (RZ m 0,32) omly
the equations for moisture contents at 0.3 bar and 15 bars
are prepented here.

a) Moisture percentage at 0.3 bar (y4)

¥q = 1156.219 « 1,19 x4 « 11,1326 x, -

11,6066 xy = 11,3099 1, + 1. 182 x; (R 0,¢5)



Tadle 16, Correlatiorn coefficients of moiasture percentages at different
tonsiong and available wvater content of 2 s siowved soil with
textural separates and organic caroon.

Tensicn in bars Qay 841t Five sand  Coarse sapa rsanie

0.3 Ole5h7e 0255 =0,8063¢¢ =0.1153 0. 19

0.k 755 04563 (0. 80990 -0, 1805 0.205

3 0e5375% % 0.4028= 0,838 ee «0.1718 G 1567

5 CeSh e Gle161e =0, 8350 -0.2171 01251

10 051900 0229 «Go 8330 -0.1752 0.1830

15 0.51200 Oe215¢ =0 .8205%* =0, 1798 0.2063

Available 0.0058 0.2393 «0.3122 «0.1277 -0.0430
water

* gsonific-pt at & Jer cent level
s g4gnificant at 1 per cent level



b) Moisture percentage at 15 bars (72)
Y = 586,90 - 5,5771 Xy = 5.5717 X, - 549661 x3
- 5.7616 &, + 14507 x, (RZ = 0.91)

X, = dlay per cent

X, = silt per cent

Xy = fine sand per cent

X, = GCoarse sand per cent
xs = organic earbon per cent

The analyses of variance are given in Appendices
b amd 5.

h,2. Relation of water content on weight basis including
gravel with organic earbon, sieved fresctions and
gravel,

Intercorrelations among textural separates
inoluding gravel, organic carbon and moisture retention
at 0.3 and 15 bars and available wvater were worked out
and are presented in Table 17. Both at 0.3 and 15 bars,
moisture content was positively and significantly corre-
lated with clay and silt. The gravel content indiceated
a significant negative correlation only et 0.3 bar.

The negative influence of fine sand on moisture gontent

at both tensions wvas not significant. Jrganic earbon

also did not show significant influence on moisture
retention.



Table 17. Matrix of intercorrelations of molisture content at 0.3 bar and 15 bars amd
available wvater with organic cardon and texturzl separates including gravel.

Hodsture Moisture Available Orgenie
ato3 . s v sand  sand
bar " bars
Modsture
per cent 1.0000  0.9528*+ 0.6972%¢ (.5782%¢ 0.5785%* «0.2151 0.1631 -~0.W52¢ 0,3091
at 0.3 bar
¥olasture 1.0000 ON590°  0.5%9ese 0.5799%¢ ~0.350% 0.1765 «0.3029  0.3506
per cent
at 15 bars
Ava?u- 1.0000 0.5470*  0.3339 0.1279 0.3857 «0.5850** 0.0398
va
Cley 1.0000 «0.0166 ~0.067 0.2803 -0.5663%* <0.15%
811¢ 1.0000 0. 1619 =0, 2198 «0.3712 O.hh30*
Pine sand 1.0000 0.2382 «0.6716 9.3166
Coarse send " 1.0000 =0.553%* 0.25%
Gravel 1.0000 =0, 90
Organice carbon 1.0000
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Oniy clesy and gravel oontents were found to have
any significant offect on available water, While the
available water content was clossly depsndent on m:isture
content at 0.3 bar, the correlation coefficient obtained
vith moisture content: at 19 bars vas significent only at
five peor cant level.

All thw wariables studied wvere found to be
negatively infiuenced by gravel comtent.

Suitable regresaion equatians with high predicte-
bility were arrived at for predicting moisture pereentages
at 0.3 bar and 15 bdars using textural separates including
gravel and organie carbon cuntant, However, the predi.
ctability of the equation for available water content was
low, 7The egquations are presented below. The analyses of
variance are given in Appendices 6 and 7.

a) bisture percentage at 0.3 bar (y,)

"1 s «10,7186 » 0."5& ‘«‘ 0.5937 ‘2 + 0»03% :3

2 0.&51 q. + 0,203% ‘s L Ot”" ’6
(2 o 0.00).

b) Moisture peresntage at 15 bars (ya)

yp = «27.780 + 0.5820 x4 + 0.6201 X, + 0.1789 Xy
* 0.,’83 ‘0 + 00,3563 ls + 41,1699 ‘6

(52 = 0.93)



where

silt per cent

alay per ocent

fine sand per cent
goarse sand per cent
gravel content

organic carbon cuntent

$3



p[ﬁcuﬂ[on
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LISCUB 2I0M

Bie g0k
Data on sechanieal analysis revealed that the

red s0il was moderately fine textured, eoming under tae

textural class, sandy Glay losm. The different series

showed unifors textural oeomposition witin the average

contents of olay and sand being 2 per oent and 70 per gent,

rnﬁectiv-ly. Only Cherniyoor series x:iowed a slight

deviaticn, wvhere the Sexture was obssrved to be sandy

olay vith a mean clay content of 30 per cent. Tns content

of sflt vaa lov in all the series. There was an inoreasing

trend for the total fine fragtion with depth, though 1t

was not consistent,

The arganic carbon content in general was low,
to the tune of 0,26 per esnt und wvalues ranging from
.19 to 0.+ per gent were cbserved for the differsnt
series. The organic earbun gontents were found to decrease
with increasing depth,

As could be expected from the more or less uniforas
taxture, the variation in noisture retention wvas sasll
between the different series., At all the aix tensions
studied, the retention vas relatively low exeept in the
Cherniyoor series winere the values were gomparatively higher.



61

It 1s o be nmoted that the clay content of this deries

vas also gonerally higher. 7The low retention of red soil
can be attributed to the relatively large proportica of
sand (67-75 per sent). In suoh a s0il group, the Propore
tion of pores effectively retaining water between field
capacity and permanent wilting point snould ve expected

to be low. In addition to tiw eutent of fine fraetions,
thie pature of the clay mineral also influences the aulsture
retention capacity. It has besn reported that the
predoninant clay minerzl in red soil 1s keolinite tiough
1liite and montmorillonite alaso occur to some extent

(A1 g% al., 1966; Ddswes and AlL, 1967, Rajsn and Bao, 1978).
Auong the groups of alay minerals, kaolinite has got the
pinipun ability to retuin molature.

The field capacity values ranged fram J.45 per cent
to 11,7 per cent, with a meah value of 10,45 por gent.
The range for permanedt wilting point was from 6.5 to 8,2
per cent and the mean value was 7,29 per cent., Ine resultant
menn availadle water content works out to J.24 por cent
(the difference between fielc capacity and permanent
wilting percentage). The retention values obtained in the
present study mwarly tally with the fijgures reported for
red soils of EKasarsgod (Haridasan, 1978). ITne field
capnoity, wilting coefficient and available wvater gontent



reported for thess Kasaragod red soils are 9.1, .5 and
4,6 per cent, respectivaely, for the surface layer,

A somparison betwsen the five layers revegled that
solsture retention was lovest in the top 0«30 ex layer.
The downward ingreass in moisture retention valuss is in
agresazent with the increase of finer fractions along the
profiles,

An 1dea about the sxtragtion pattern of available
vatary at different teneions ¢an be had fron the graph
representing the soil moisture-tension relatiumship (Fig.1).
Aboat 50 per eant of avallable water was depleted when the
tansion reached 1 bar, and the curve runs more ar less
parsllel to the tension axis after 5 bars. Thds weuns
that no pores are available of a sige mﬁ oan drain over
the tansion range concernesd. It was inferred from the
curve that for crops having the optisus peraissible limit
of depletion as S0 per gent, irrigation should de given
ss the tension reacnss 1 bar.

The moiasture percentajes both at field capacity
and permanent wilting point showed high poasitive oorrw-
lation with alay (correlation values 0.85 and 0,90,
respectively). The Influenge of alay an noisture retention
at higher suotions 13 vell substantiated by these
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correlation values. But the silt content showed sioni-
fiernt positive influence only on malsture retention at
0.3 bar.., BRven in this case, ths correlztion coefficlent
value:. ves: low and significant only at 5 psr cent level,
Seing a fine Craction, consistent, sigmificant positive
relation between noisture retention and silt content is

to be normally expected. The reason for lack of it in this
study 4is attridutable to the very low content of this
textural separate in the red 2011, 7The overall mean silt
percentaze was only 3.96 as a.ainst the clay cantent of
24,08 per oent, Of the two sand fractions, highly signie
ficant negative relation was obtained with fins sand
probably dus to its hizher amount as compared to coarse sand,

The a-allable water content showed significant
positive correlution with the ecntent of glay fraction and
neiative relation with fins sand content. This expected
relation 1s attributable to the influence of clay in
increasing capillary porosity and that of ssnd in decreasing
it, It is frequently reported that the textural frection
having highest degree of assaciation with avallaeble water
content is the st (Abrol gt al., 19684 Petersen g% al.,
1968). The extremely low silt percentage of red s0il noted
in the study will justifly the lack of satistically signifioant
correlation between available water content and percentage
contents of silt,
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The positive correlation obtained with organie
earbon wvas not significant even at tho five per cent
level, 3inge organic cclloidal fraction has got an
iuportant role in degiding solisture rstention, a signi-
fieant correlation was expeated, The very lov organio
carbaon oohtent and the over riding influence of e¢lay could
be tie possiule explanations for this. ouch results were
noted and slmiley conclusions ¢rewn by Thulasiiharan (1983)
end Prapeela (1983) for the laterite sué alluvial scils
of Kerala, respectively. It is also %0 De noted that one
of the major influsnces of orgenie eurbon au water retention
1is through the izprovemnt on structure (Jamison, 1956).
Suchi an effect of organic matter even if significant in
this avil cannot be spparent £roi the results of the study
88 At was done with dlsturbed soil whose structure was
danuged in sample preparation for estimation. It is only
through snhahoed retention of adsorbed water that organie
patter wvould have influenced the values of moisture
retention and available water ocontent and as the results
show, the existing organic aatter lsvels eould not have
significant impaet through the cuntent of sdsoruved water,

Midtiple regression analysis suggested that
suitanle equations could hHe uead to prediot the woisture
retention at 0.3 bar and 15 bars on the basis of the
cantents of textural separates and organig carbvon,



¢ 985

The sultiple correlation coefficient values of 0,87 and
0.90 indicated high predictability which in turn showe
thnt the differences in the —quuuty of modl orgenic matter
and fine fraotions in the red soil are not substantial.
The eguations are as follovss \

a) Moisture pereentage at 0.3 bar (y')

,‘ - ‘09228 ¢ 0.2920 “ *» 0.3171 xa + 0.0020 ‘3
-0.0186 x, + 1.3930 25, (8% = 0.87)

b) Moisture pergentage at 15 bars (yy)
’a = ’908036 + 0.05522 3‘ L 0.”’3 la - 001938 33
~0.206% m, + 0.1635 x5 (B* = 0.90)

24 = olay per cent

X, = silt per gent

S T fine sand per cent

R, = Qoarse sand ¥ oent
‘S s organic carbon per cent

Contrary to this, the predigtion equaticn for
available wvater content lagked the required high predis
otability., It is concluded that eéalculation of avallable
vater from the estimated values of thess two s0il wolsture
sonstants would be more reliassles
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The values of fialc 0apaoity, permanent vilting
point end available water aontens on weight basis for
the different series were converted to volume basis by
sultiplying with the respective Milk density values and
tiese are presentied in Tsble 5. As the data show, tiere
wore some wuriations in toe values of field capasity
{(13:] t0 16.2 per cent) ami wilting coefficlent (9.1 to
11.6 per cent) on valuwe basis Letwesn sanples. However,
the rangs in available wvater contents wvas smaller being
in tie rapge frou b,1 to 5.0 only. 7The overall mesn
available water content worked out to be b, 58 per cent.
In as puch as there is nc considerable variation betwesn
samples on the volumetric avsailabhle vater content, it
Bay be reaasochahle to rely on the aoverall mean vaslue of
L.58 per cent as a representative of red soils of Kerala.
However, in cases vhere significant deviations in texture
and organic matter content are expected, it aay be
worthwiiile calouiating the fiald eapacity and wilting
coefficient values using the prediction equatiocns and
thus arriving at tiw available wvater content. Tue indirecs
indteations that the quality of fine fraections and organic
matter does not appesar to have a rale in mvisture retention
will justify such reliance on peresntsge cntents of
textural separates and organic matter for caloulating the
#cil moisture constants, field eapacity and wilting
coeffiaient,
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It 42 0 De noted that based on the earlier
studies, Thulasidharan (1983) had suggested that the
mesn soisture retention values would be mors valuable
in the laterite soils than depending on predigtion
squations, PFor the alluvial soils of highly wvariable
taxtural composition, Prameela (1983) had incicated higher
dependability of waluen calculated frou the prediction
squation,

The 804l series selected for the study wvere located
in Trivandrum, Trichuyr anc Wynad distriots. 501l sauwplas
were %o be colleoted from five depths uptu 150 om but
owing to the locaticnwise variation in the depth of the
soil, the number of layers sampled differed awzung the
thres series, lance the overall mean values of the soil
properties way not represent the actual wvalues, especially
for the deeper layers,

The amount of soisture retained by the 2 mm
sieved soil deoreqsed as the tension increased from 0.3
bar to 15 bars but the values were siuilar at higher
tengions, The mofsture retention at low tensions is
Teoognised to be a funstion of the pore geametyy of the
soil whereas at nigner tansians, tne dependance would be
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on the external surfase area of the clay (Biswas anc
All, 1967). Once the pores retaining vater are emptied
out, what remains is the moisture adsorbed on the clay
surfaces, '

The forest soil was found to de glayey in texturs
with the clay ocuntent ranging fyom 35.7 to &S per oent
(Table 10). The lowest velue was observed in the sholayar
series where the sand fracticn was higher. Ascordingly,
the moisture retention values for iuis series tended to
be lower than the others. The overall mexzn retention at
0.3 bar observed in the present study was 2+.85 per cent
and the values ranged from 20 to 25 per eent for the
different series, The vilting coef{icient values ranged
frou th to 19 per cent, the mean being 18 per cent,

A comparison witsi standard values reparted for the molsture
retenticn of siziler textural ¢lass (Israelsen and dansen,
1962) would indicats that the field Gapacity values are
too low, the repartsd range of standard valiues veing 31 to
39 per cent with a mean of 35 per cent, The comparsble
standard vaiuss for vilting cosfficient are 15, 19 and 17
per eent, respectively. UOne of the major factors affecting
5011 water retention especially at lower moisture tensions
is tiie arrangement of particles. The fact that preparation
of s0il samples for deteruination of molsture retention
using pressure plate apparatus results in total destruction
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of structure may partly explain the low retention values
noted in this study. Aanother factor that decides molsture
retention by a soil 1s its relative chamge usually mesasured
as catioh exchange ocapacity. The eation exchange capecity
of forest soils is knoun %o be Telatively low as the
predominent olay mineral is kaolinite (Thomas, 19673
Yenugopal, 1969). Thia factor of charge of soil particles
18 reported (o devids mainiy its ocontent of acdgorbed water
(H511al, 1971). In es much as adsorbed water is a more
important eomponent of retained vater at higher tensions
say, around wilting coefficient rather than at field
eapacity, the invoivement of charge of soil particles as

a8 faotor responaible for the low ncisture retention appears
to be sall. It may be reonlled that 4¢ is in field
capacity that larger devistions in motlature retention from
standard values are noted,

The fine fractions, clay and silt, siowed signifiocant
positive influence on wodsture retention at all ths aix
tensions stuiled (Table 16). dimilar values of correlation
coefficiants vere obtained with silt but the effect of clay
was more propounced at higher tensions. Ine correlatiun
with fine sand vas, as expected, negative and significant,
The depthivise ingrease in clay ocuntent did not bring in tae
expected increase in moisture retantion. Ihis could be
regarded a8 cdue to the positive infliuence oveing masked by
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the greater negative effect of fine sand, the contunts
of which did not show a de@lining trend with depth,

The gradual mcisture extracticn pattern vith
increasing tensions featured by fine textured s0ils was
lacking for forest soll. More than 50 par ocent of the
available water was remsved as the tension reached one oar.
The s0il mofisture characteristic ocurve showed a levelling
off at 3 bare (Fig.2). It has heen reported oy Uehara
and G41lman (1981) that many highly weatiered clayey soils
of the tropices fnave moisture release ocurves simil:r to
sandy sodls and most of the plant availsdle water ias
removed by the time tension reacies 1 bar, IThe more or
leas saume values of moisture retention at higner tensiuns
and the increasing influence of clay on moisture percentages
at inoreasing tensions as compared to that at lower tensions
incicate the tendency of alay to Tretain water in an
unavailable form.

Multiple regression equationg to predict the
moisture contents at 0.3 and 15 bars from the contents of
organic c¢arvon and textural separates of the 2 mx sieved
8041 are as followvss

a) Moisture percentage at 0.3 bar (y,)

Yq = M219 11190 x4 « 1101326 x5 « 11,6046 x4
11,3099 x, + 1. 08& x5 (= 0.85)



71

b) Nodsture peroeantags at 15 bars (’a)

ya u 586,90 « 5.5771 xy = 5.5717 xg = 5.9661 x4

- 5.7616 B, + 14507 x5 (B2 = 0.91)

where,

alay per cant

Bg = silt per cent

23 = fine sand per oent

%, = ooarse sand per cent

Xg = organic carbon per ocent

e ooefficients of determination were high, indicating
that thess equations are reliable for the sstimation of
the Swo 01 moistare constants.

The organie ¢arbon contents of the soll series
ranged from 1,43 to 1.82 per oent, vith a mean value of 1.35.
The surface layers showed values higher than this. Lven
then, the eorrelation gosfficients worked ou$ between
moisture retention and organie garbon sontent were not
statistically significant at any of the tensions. e lask
of signifieance indicates that the infiuvence exerted by
organic earbon wvas being dowinated by the owerriding
offects of olay and ailt. Rajagopal (1967) working on
Tazil Nadu soils observed that organis oarbon content hed
no bearing on the soil moisture eonstants and moisture
charagters due to the predouinant effect of clay on sofl
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moisture retention, Similar results were obtained
by Thulasidharan (1983) and Pramesla (1983) in the case
of leterits and alluvial soils of Merala.

It vas manticned earlier that smmpling could nog
be made beyond a particular depth in eash series, as the
layers beocams hard after. Thomas (1967) while working on
the forest soils of Nerala obssrved laterite in the lower
horison of some of the profiles. In some other profiles,
the sidacil wvas extremely hard due to the compaction caused
by quarts grain snd olay. The proportion of grave)
cbeerved wvas very high (20.3 to #5.,0 per cent). Venugopal
(1969) also reported that the deeper horisoms of forest
solls terd to be lateritic, The gravel contents of the
differsnt profiles in the pressnt study ranged from
%.5 per osnt to 51 per cent, Consldering the adundance
of gravel in many of the samples, study on moisture reten~
tion by gravel was also attempted. Molsture retentions
at 0.3 and 15 bars wers found out for the gravel fraetions
from the entire sauples irrespective of the proportion of
gravel in order to have a uniform treatuwent to all samples.
Die mean moiature retentions at 0.3 and 15 bars wers 10.8
and 9,46 per cont, respectively. Thulasicharan (1983)
reported similar waluss of moisture retention for e
gravel contents of laterite soile of Kerala. B attributed
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this high retention wvalues to the fasct that laterite
gravels are seoondary formations and have pors spaoces
in them,

In Periya and Sankiri series, while the retention
of gravel at 0.3 bar inoreased with depth, that at 1Y bars
dearvased., This resulted in an increasing trend £or the
available water content with depth, 7The mean available
watoy content of gravel vas estimated to be 1.3+ per cend,
But some of the surface samples showed nigher retention
at 15 bars than at 0,3 bar, giving a negative value for
avallahle vater, However, this should be treated as
incidental becsuse the surface samples which hod been
haydened by axposure hawe got prastically little pore space
to holc water in an availadle form, Coapared to this,
the pore than 2 mm fraction in the deeper layers is consti-
tuted by the partially weathersd soft parent materials,

Assuming that the soll in each layer in its natural
condition s internixed with gravel, the wmoisture retention
including gravel at 0.3 and 15 bars wvas caloulated for
seoh saxple., This was dobe using the velues of retention
by 2 Bz sdieved scil, 188 proportion, retention by gravel
and its proportiom. The textural eomposition of the ¢ na
sisved soil vas also regslculated in order to incorporate
the grave) content also on a proportionate basis. The moisturs
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retention values were evidently less than that of 2 an
sieved suil but the decrease in moisture retention at
the two tenszions was not unifors, there being a greater
decrense at 0,3 bar. This is further substantiated by
the gorrelation goefficient wvalues vhich iniicated the
negative influence of gravel being nonsisnifieant an
potsture retention at 15 bars. Te available water content,
vhich showed a greater depéndance on moisture retention
at 0.3 har, also docreased :ﬁcordmw. e aver:ll sean
availahle water content of the 2 ms mieved soil was
deareased by 2+ per cenmt, froz 6.7 to S.h per cent, while
tha proportion of gravel was 28 per cent., Thias msuns
that gravel gauses a less than proportisnate reduction

in the moisture retention ospacity.

Predictian equations were arrived at to estinate
the molsture peroentages et 0.3 und 15 bars and the
availatle vater content based on the contents of organie
carbon and taxtural separates including gravel. As indicated
by the close eorrelation of moisture retention to these
wariables, the predictability values were high for the
equations for field capagity and permanent wilSing
percentage. The equaticne sre presented delow,



a) Moisture porosntage at 0.3 bar (1,)

Iy =

*10-7‘“ L 2 0;55& :1 L 0.5937 ‘2 & 0003% 33
+ 0.3351 & + 0.2031 ls +* 00759‘ ‘6
(na - 0.30)

b) Modsture peraentage at 15 bers (ya)

ya = ~27.780 « 0.5820 x4 ¢ 0.6201 x, + 0.1789 Xy 4

x4
)
33 -
n,
%5
g

OQN,; & » Ooms ‘5 < "0'6” 36
(R% = 0.93)

clay per cent

silt per oent

fine sand per cent
coarse sand per deng
gravel per cent
organic earbon per ocent

The overall mean retention values on volume basis
presentad in Table 15 (4) are not %0 be nuch relied upon
as the average for all the forest soils of Xerala cn both
the mean muisture retenticn end bulk density values showed
fluctuations in the different losations. &0 for arriving
at the required scil moisture oconstants of a particular
losaticon, separate estimation of gravel per cent, contents
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of organic carbon and textural separates are to be made
and moisture retantion worked out using the prediction
equations. Then the svailable water content can be
caloulated from these estimated valuos and converted to

volume basis by mulSiplying with the bulk density.
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SUMMARY

A laboratory study was cancucted at the College
of Horticulture, Vellanikkara, during the period from
Hovember 1963 to September 198+, to investigate the
moisture retention characteristics of red and forest soils
of Kersla. 01l samples were ocollected from taree seriss
eash, represonting Cannanure, Caliout and Trivandrum
distriets in the eases of red soil and Wynad, Trichur and
Trivendrum districts in the case of forest soil. Moisture
retention of the 2 s aleved soll was studied at six
applied pressures viz., G.3, ¥y 3, 5, 10 and 15 bars.
Correlation sosfficients vere vorked out netween moisture
retantion and contents of textural asparates and organic
aarbon and suitable prediction equations dewelopsd using
multiple regressicn analysis. In the case of forest soil,
viiere a preponderande of gravel was observed, moisture
retention hy gravel was also estimated at 0.3 and 15 bars
and these wslues vere ingorporated into molsture retention
by the 2 ma siewsd soll to get tue retention of the total
s0il including gravel.

Ihe results ovtained in the study are sumuarised
below separatel; for eagh soil,

17



1. Bad mall

1) e mpoisturs retained by the soil degreased
as the tension increascd from 0.3 to 15 bars. Avout 50
per gent of the avellable water was removed vhen the
tonsion reached 1 bar. The values for field capaoity
ranged from J.¢ to 11,7 per cent for the differcnt series
wvith a mean sf 10,45 per cent. &imilsrly, the wilting
coefficient values ranged from 6.5 %o BJ¢ per cent and
the neanh was 7.21 per cent, It weas observed that tue
differcnoes in the wmoisture retention gapacitiss of the
tarse series werr pot substantial,

11) The predominant texztural class was sancy clay
loam exgept in the Cherniyooxr seriss. 7The mean values
for the different tesitural separates were 2h,1, b,0, 58<5
and 13.% por ecant for clay, silt, fine sand and coarss
sand, respectively.

3i1) The argsnic earhon content was in general
low, the overall mean gontent beilng .20 per eent. A
consistent decreasing treomi wit:: depth was observed in
all the series.

iv) Modsture retention values catimated un welght
basis at O.3 and 15 bars wvere converted to volume basis
by multiplying wita the respective bulk densitles,

The overall mean avallable water of 4.6 per cent on volume
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basis vas found to represent all the seriss, taough
variaticns were seen in field capacity and wilting
gosfficlent values,

v) Gorrelation coaffieients warked out between
clay gontent and molisture retention at the sizx tensions
were positive and sigznificant. The ailt content showed
significant positive influence a$ all tensicns except 5
and 15 bars., I the two sand fregtions, significant
negative correlation was obteined with fine send only.

vi) The lack of a significant correlation between
orgsnic oarbon percventage and moisture retention vas
attributed to 4ts lov eontent and its influenes being
dominated by c¢lay.

vii) Prediction equaticns with nigh predictanility
wvere developed to estimate the moisture retention at 0.3
and 15 bars from a knowledie of the contents of textural
separates and organic earion,

2, Eoreat soll

1) 8tudy on the nmolsture retenticn quaructoristie
revealed that 53 per ocent of the available wvater wvas
reuoved as the tension increased from 0.3 %0 1 bar. Wien
the tension reasched 3 bars, wmore than 80 per cent of
vater vas depletad., The fisld capssity and permanant



wvilting perosntage of the 2 mx sieved s0il showed
eonsiderahle variastion between the series, tne mean wvulues
being 2+.8 and 16,1 per oent, respectively.

11) Thre oversll mesn clay cantent of the 20il was
b per cent, and the soil vas cunsidered cleyey in
texture, The content: of Sextural separates varied widaly
anong the three series.

111) e fine fractions, elay and silt, showed
significant positive correlation with moisture fetention
at all the tensions, A inoreasing influence of clay at
inereasing tansions was obgerved, Ihe Yelation with sand
fraction wvas, as expeoted, negative.

iv) The organic carbdon omtent, with an overall
mean value of 1,35 ner cent, was not found import:nt in
deciding moiature retention as indieated by the correlation
being nonsignificant. The swrface saxplos showed values
ranging from 2,41 to 3.02 per cent,

¥v) Prediction squations were daveloped to predict
the moisture retontion at O,3 and 15 bars of the 2 mm
sieved soil based on the conlsents of textural schstituents
and organie earbon,

vi) The content of gravel averaged over the entire
saples axounted to 29,88 par oent. Ths mean retention



81

by gravel wvas found tc be 10,8 and 9,40 per oent at
0.3 and 15 bars, respectively, The available water
econtent amounted to 1.3+ per cent which would oome to a
magnituds of 20 per oent of the available water in the
sieved portion,

vii) The meap moisture retention of the samples
including gravel on weight basis was 20.7 per eent at
0.3 bar and 15.6 per cent at 15 bars. o valume basis,
the moisture gontent at field capacity was 206,90 per cent
while that at permanent wilting point wvas 20.2 per dent,
The avsilacle water content ranged from 5.2 to 7.8 per cent,

viii) Moisture retention including gravel an
weight basie et 0,3 and 15 bars and the available water
vere positively and significantly correlated with alay
and silt. ZIhe gravel omtent shoved negative correlation
with moisture retention which was significant only in the
case of retantion at 0.3 bar.

ix) Prediction equations worked cut to estimate
moisture reteation at 0.3 and 15 bars inscluding the
retention by gravel showed high values of goefficients of
deterezination, 7These prediction models were pased on the
eontents of grovel, organi¢ earbon and texturasl components,
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pendix-1, Morphalogical desoriptions of typif
. peda ota:dl urh:f * ying

&) Besypore series

Horisen  Dapth (om) Rescription

daxk reddish drown (2.5 YR bA)
whed dryj struotureless, single
graing loose, nonsticky and
nonplastic) few quarts gravela
presenti abundant fibraus roots;
vory rapid permesability; elear
sooth m’c

Bas 36-66 Dark red (2.5 YB 3/6) sandy loam;
structureless aingle grainj loose,
nopsticky and nanplastic; few
quarts giravels presentj plentiful
roots; rapid permeability} gradual
wavy boundary,.

structureless massive loose,
nonstiocky and nonplasticy fevw
quarts gravels present; plentiful
roots} rapid peruweability; diffuse
boundary .

By 102140+ Red (2.5 YR W/6) loam; weask fine
gramlar structure, friable,
slightly sticky and non plastieg
few roots, moderately rapid perses~
bilsty.

Sources Offige of the Assistant Director (8oil Survey),
Calicut,



b) Xunhinangalan seriss

derizon Lapth (om) Dessription

A, O=21 Yollowish red (5 YR 5/8) loamy
sand, weak mediux granular to
sud sngular blocky structurej
loose, nansticky and nonplastic;
many fine rootsj oclear smooth
boundaryj moderate permeability,

Ay 2167 Yellowish red (5 Y5 5/8) sandy
clay loam, yellowish red (5 Yh b/6)
molst; moderate, mediuc, subangular
blooky structurej slizhtly hard,
friadle, slightly sticky and
alizhtly plastic; many fine rootsy
gradual smooth boundary; moderate
permaabllity.

By 67-115 Yollowish rod (5 YR 5/6) sandy
elay, red (2.5 YR 4/6) moisty
moderate, mediuam, subsngular blocky
structure; alightly nard, friable,
sl ightly sticky and slightly plestie;
few coarse rootaj sradual smooth
boundaryj moderate permeability.

B, 115« e Dark red (2.5 TR 3/6) samdy oclay
loam, moderate, medium, subangular
blocky structure; friable, alightly
sticky and alightly plastie; few
QOATrse rootsj moderately slow
perneability,

Souroces Office of the Assistant Director (Soil Surwey),
Cannanore.



¢) Cherniyoor series

Horizon Dapth (om) Resariptions

AD 0-16 Yellowish red (5 Y1 L/6) sandy clay
loam, dark red (2.5 YR 3/6) moist;
wesk, medium, subangular blocky
st.ugture; firm, ali;ntly sticky and
8lizhtly plastic} plentiful fine to
medium rootsj clear smooth bouniary;
moderataly rapid permesdility.

Boy 16-37 Red (2.3 X W4/6) sancy clay loamj
woderate, aoarse, sub angular blocky
structure; fimm, alightly sticky and
slightly plastie; many mediuw to coarse
roots; gradusl asmooth boundarys
moderately rapld permeability.

Boo 3765 Dark red (2.5 Yk 3/6) sandy elayj
moderate, coarse, subangular blocky
structure; firm, alightly sticky
and slightly plastic} meny fine to
medium roots; gradual amooth boundary;
poderate permeability.

33 65-151¢ Red (2.5 YR 4/8) sandy clay; moderate,
0oarse, subangular blocky structurej
friable, alightly sticky and alightly
plastic; fev fine t coarse roots;
moGerate permeadility.

Sourges Offioe of the Assistaut Director (Soil Burvey),
m'mdrm.



d) @nholayar series

dorison  Dapth (om) Desgrintian

Ap 0=-13 Dark brown (7.5 Y /%)
sandy loamsj wedium, moderats
crunb structure; friable,
alightly sticky and alightly
plastio} plentiful fine and
fow coarse roots; rapid
permeability; clear smooth
boundary.

13 13-27 Dark brown (7.5 Y b/e) sendy
loani mediua, moderate sub-
angular blogky structursj
friable, sticky and plasticy
fev sravels, medium roots fewj
moderate permeability; clear
wavy boundary.

Source: Office of the Asst. Director (Boil Burvey),
Triochur,



®) Periys series

Hdorisep Repth (om)

04

2

Bouroe:

0-2
2-b

6=21

2942

“2-90

Renorintion
Partly decayed leaves and litter,

Dark brown (7.5 YR 3/2) clay loem;
orumbi friable, slizhtly sticky and
slightly plastie; fine rcoots plenty,
fev gneissic gravels; clear muooth
boundary, rapid permeability.

Dark reduish brown (5 YE 3/M) clay

loan; medium, weak subangular blocky
friable, sticky and slizhtly plastici
fine roots plenty, gravel 214, clear vavy
boundary, moderate permeability.

Yellowisi Te€ (5 YR W/6) clay; weak,
wediun subasngular hlocky; friaocle
sticky ukd plastic, fine to medium
roots plenty, gravel 27%, clear wavy
boundary, mode:ately slow permeability.

Yellowish red (5 YR &/6) clay; weak
wediuum, mibangulsr Glockyi frigble,
sticky and plastio, few medius to
fine roots, moderatsly slow
permeadility.

Qrfice of the Asst. Director (Soil Survey),

Calicut.



f) SBankiri series

Horison Reptn (om)

Ay

Souroe:s

0-11

11-23

23-35

35-35

55-85

Ressriptions

Vory dark brown (10 Y. 2/2) sandy clayg
mediunm, wveak, orumbj friable, wet,
slightly sticky and nonplastic}
sbundant fine roots; clear swooth
boundery; wmocerately rapid permseability.

Daxk brown (7.5 ¥¥ 3/2) sandy clays
medium, moderate sudb angular blocky,
friable, alightly sticky and nonplastic,
few fine roots, fev siravels, clear wavy
boundary, moderately rapid permeability.

Dark brown (7.5 TH LA) clay, medium
moderate subangular blocky, friable
sticky and plastic, fine to medium
roots few, Uradual vavy ooundary,
motercste perameability.

Feddiah brown (5 Yk /M) clay; medium,
noderate subangular blocky, friable
aticky and plastiocj few medium to
coares roots; moderately slow permea=
bility, gradual wavy bdoundary.

Yellowish red (5 YR 5/8) gravely clay,
wedium muderate, subangular bloecky,
friacie aticky and plastio, fow fine
roota, gneissic gravel  (k3%), woderately
alow permeability.

Off1ce of the Asst. Direator (8oil Survey),

Trivandrun,



Appendix 2. analysis of variasnoe for the multiple regression equation

of moisture content at 0.3 bar, particls sige distribution
and orgzanic carbonh camtent.,

Source Sum of squares ar Mean squares ) §
Total 129-05 My
Regression 112.53 5 22.51 53.59¢
regression

*¢ BignifiSant at 1 per cent level

Appexdix 3. mm of wvariancs for tis multiple regression sguation

moisture content at 15 bars, particle size distribution
md organic earbon content. ,

Source 8um of aguares . o Mean aquares 4
Total 15% .27 N Y

Regression 138,86 5 27.77 694300
Deviation from 15.43 39 0.0

regression

*® gignificant at 1 per csnt level



Appendix 4. malysis of variance for the multiple regression equation
of moisture content of the 2 mm sieved s0il at 0.3 ber,
particle size distribution and organic earbon cantent.

Source 8un of squeres af Maan gquares F'
Total 366.28 24

Rezressim 310.61 ) 62,12 21,200
Devigtion from 55.67 19 2.93

regression

*% giunificant at 1 per cent level

Abpendix 5. analyais of variance for the multiple regression sguation
of moisture contont of the 2 ma gdeved 301l at 15 bars,
particle aise distribution and organie carbon,.

8ouroce 8un of squares af Mean squares ) 4
Total 288,72 2
Regression 262.16 ] 52.43 37,450
Deviation from

regression 26.56 19 1.40

s& Bignificant at 1 per cent leval




Appendix 6. Analysis of varianos for the multiple regression squation
of moisture content at G.3 bar including the reten n by
gravel, particle sise 4l bution including gravel snd
organic cearbon eantent,

Source 8un of squares ) ¢ Mean squares ¥
Total. 302,06 2

Regressian 252.82 6 b2, te 15.300e
Deviation from L9, 2% 18 2.7

regreasicn

s+ Significant at 1 per cent lavel

Appendix 7. analysis of wvariance for the multiple regreasiua eguation
of moisturs aog‘twt at ‘12 muinelms the re ot ;0:‘ by
avel, particle sige on including grav
gsma carbon contant. &

Source un of squares ar Mean squares 4
Total 200,92 24

Regresgion 186.29 6 31.05 38,33+
Deviation from .63 18 0.81

rezression

s gignificant at 1 per cent level
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ABSTRACT

The investigation was uniertaken in the College
of Horticulture, Vellanikkara, during the period from
Novenber 1983 to Septeusber 198k, doil sazples were
collected froc Cammanore, Caliout and Trivandrum districts
for red 204l ond Trivandrusm, Trichur and Wynad districts
for foreat scll, Moistuwre retention studies were done at
six applied pressures, visz. 0.3, 1, 34 5, 10 and 15 bars
and these values were gorrelated with cuntents of textural
separates and organic earban using multiple regression
analysis. The study rewealed that moisture retention by
2 mz sieved woil was higher for forest soil than red soil
at all the six tensicns, Ihe molsture contents on weight
basis at 0,3 bar for the two soils vere 2,85 and 10.4H
per gent, respoctively., The corresponding velues at
15 bare were 15,19 and 7.21 per cent,

In both the solils, the eontants of fins fraction
(clay and silt) showed aignificant positive correlation
with moisture retention while the correiation with fine
sand was siznificant and negative. Organic carbon was
found to have no bearing on moisture retention as indicated
by the lack of significant carrelation at any of the
tensions studied,



he gravel fraetion in the case of forest
804l vas found to retain moisture and the wvalues at
field capacity and permsnent wilting point were 1¢.8
and 9,46 per gcent, respectively. The moisture retention
of the aoil includigg gravel amounted to 26,90 per cent
at field capadity and 20.2 per oent at permanent wilting
point, on voluse basis.

Prediction equations were daveloped to estimate
the moisture retention at 0.3 and 15 bars of the 2 mn
sieved so0il from & knowledgs of the contents of organic
earbon and textural constituents, In the cass of forest
80il, another set of prediction wodels vas also worked
out to arrive at the moisture retemtion including gravel
at thess soil moisture conatants.



