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INTRODUCTION
Most soil moisture retenti6n measurements are made

with air-dri~d sieved soil because of convenience and
uniformi ty of samples. Howeve.r, the amount of wa ter

retained by sieved soil maydiffer rnarkedly from that
retained by ~~disturbed soil cores or s6il in the field.
\'Jhilethis is well recognized, i t often is ignored and

'can lead to serious misinterpretation. A good example is
the use,of ~~ter retention of sieved samples at -0.33 atm
soil v.ratermatric potential as an·estimate ~f field
capacity. This procedure is on a reasonable basis Slnce
it was established by.correlation with the moisture
equivalent, anothér laboratory estimate. However, because
óf its use, t~ere is wide-spread association of -0.33 atm
matric potential with field capacity in field soils,
while the actual values generally are appreciably higher.
(Richards and Mar sh , 1961).

Tb.e complete -so iL wa ter retention curve is valuable
in assessing a number of v:a.ter-:-elatedsoil characteris-
tics' as weLl, as availabili ty of .viater to plants and

water transport in the soil-plant system. However,
,inaccurate curves destroy the value of such assessments

and may cause them to be erroneous.
Several wor-ke r s have compared wa ter re·tention by

'sieved and core sanples. However, only a few have' ~

presented thc co~plcte curves, and -more cata are needed,



especially for irrigated 80ilso. Furthermore, many
.'previous studies wer-e coriduc ted on ,samples f'r om the pLow

later wh er-e "undisturbed" aoi.Lv Le the resul t of the
recent history viith respect to til1age and other forces
tending to alter porosity and ~ore size distribution.

The objective of the present study was to determine
if water retention th~oughout the range of available.
vJater, measured on disturbed soils, was representati~e
01' the same par ame ter s in undd stur be d soi.Ls . Three
soils at the Universityof CaIifo~ia at Davi"s \'lere

.selected, ranging in texture from fine to medi um.

I
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LITEEA TU~ :tEVIEH

Along with their devE:lopment of the apparatus
and precedures for studying water ret~rition by soils,
Richards'and Fireman (1943) determined effects of
various forros of samp Le treatme,nt. .They showed that
\'i-aterretention by cores of Fallbrook loam differed
irom that of sieved samples in the O to -1 atm range.
of matric potential. Oven-d~ied and air-dried cores
produced identical water retention curves .

. -' .

Elrick and Tanner (1955) comp~red water retention
curves for sieved and core samples 0ith eight Wisconsin,
U.S.A., soils. They concluded that wat.er-retention was
greater in sieved samples irom O to -0.4 atm, that
between -0.4 and -1.0 there was no general relation-
ship between retention by sieved samples and by cores,
and that sieving decreased retention about 10% below
~1 atro. They reco~~ended using core camples for deter-
rninations within the range of O to --1atm.

Perrier and Evans (1961) and vlerenfels1 developed

"mter retention curves in the field by taking samples
for soil water content adjacent to tensiometer cups
with simultanéous tensiometer readings. Perrier and
Evans also coopared these curves with core and sieved

lWerenfels, Lucas, 1963. Rang~'of soil moisture
coverage by tensio~eters in the field. Irrigation
and Dr-aí na;e .Letter, ;/21, Uni versi ty of California
Agricultural Extension Scrvice Memo.
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sample water r.etention in the Iaboratory \'liththe range
of" 'o to -1 atm. The field pr-ocedur-e wi th tensiometers
produced,great variation, and they fitted linear curves
to the logari thm of' ma tirí.cpo t errt LaL vs , soil wa ter

content. .En the labora tory, core retention curves were
much closer tothe field curves than 'to those of sieved
samples for three' of the four soils studied. (.\'Jerenfels'

conclusions will be cited later).
Use of sieved samplesfor water retention in the

wetter ranges can lead to absurdimes, as pointed out
by Young and Dixon (1965). They showed that apparent

'water retention can exceed' total porosity. Some of

the data of Jamison and Kroth (1952) also show the
same impossibility although this fact is not indicated
by the authors.

Childs(1940) pointed 6ut the close relation
between,water reter.tion and pore size d~stribution
and proposed using changes iri\vater'retention curves in

,soils after cyclic drying and wetting as ameasure of
"structural stability. Bruce (1972) VIas'concerned with
water content-matric potential-hydraulic conductivity'
relat~ons. He found that in the Ap horizón of Cecil
loamy coarse sand there Vl3.S little differenc e in Viater
retention by sieved ~nd core samples but that in the B2
horizon (clay loamtexture) cores retained markedly less

." $

watcr to -2 atm, the Lovze st potential test2d. Shaykewich
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(1970) also wa s concerned wí, th hydraulic conducti vity
and presents complete curves of conductivity vs. matric
potential, but provides wat er retention data at -O.JJ
and -15 atroa At -O.JJ atm four out of seven sieved
samples retained significantly ,IDore.water than cores;
in two there was no significant difference; in one·
samp1e cores retained significantly lesse 'At -15 at~
there.was no significant difference in four .af sevenj

two cores retained less; and onecore retained appre-
.ciably more water. O·

Soil water retention curves are used to assess
availability of water to plants. Hagan (1955) sug-
gested the fraction oi' available water held at 1.ow soil
\~ter tension as an important criterion. Salter and
vIílliams (1965) were concerned about the shapes of water
retention curves relative to crop re~ponses to irrigation·
regimes. but gave no specific basis for their use. They
provide complete curves for.five soi1s,·with the
greatest difference in Vlater reten~ion between core and
sieved samples in a clay soi1. Richards aIfdMarsh (194J)
present severa1 curves for different soi1s where the per-
c:ent available wat er' depleted is plotted against matric
potential. No data points are shovm and the samp l,e

treatment was not described, so it can be assumed that
the curves were for sieved samples. They ernphasize the

.' ~
different shapes of curves of soils of different
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textures. These curves were reproduced and used by
Haise et.al. (1967) and Taylor (1965) in interpretation

,
of water availabilityto plants even though the curve
shapes probably a~e incorrect and therefore misleading.

Unger (1975) compares water retention by cores and
sieved samples only at -0 ..3.3atm and -15 at"11l.Except
for the coarsest soils, retention at -0 ..3.3atrn wa s

.greater in sieved samples. At -15 atm agreement was
closer. Unger used his data to.estimate available
v,raterstorage capacities of soilsolnçorrectly comparing
the differenc e in wa ter retention between '-0 •.3.3atm and

-15 atm with cores and sieved samples.
Werenfels (196.3) estimated th~ percent available

water r-ema i.rri.ng at the upper limi t of tensiometer

functioning (about -0.75 atm) from field tensiometer'
measurements and field and laboratory estimates of '.
upper and lower lim~ts of available vrater. He found
values of available v,raterfor different soils and soil
depths from .34 to 86% with no apparent relation to
tex-:t;uresince the .34% Vias in a clay soil and the 86%
in a clay loam.

Jamison and Kroth (1958) estimated the percent
available water remaining at -1.0 atm in ~he laboratory
for undisturbed silt loam at difIerent dep~hs ranging
from .32 to 88%.

, t

No data were located comparing variability iri



replicate c6re samples with that from sieved subsamples.
~h~oretically, with the great effe6~ of macrostructure
on water retention at high matr.ic 'potentials, ·variabili+y

of core samples could be very large. Thus some infor-
mation on this point wí.L'Lbe va'LuabLe .

To sWlli~arize,core samples generally retain less
v~ter than sieved s~llples at high matric potentials ..
Although there were exceptions reporte5, at -15 atm the
difIerences wez-e less, but often sLgn í.f'Lc ant , wí, th a

tendency to have less \'iater·retairted in sieved than core
samples. No reason for this phenomenon is apparent. In-
several papers, the values appear inconsistente The

excep'tion s to general relationships and t~e ~nconsis-
tencies point to the need for additional data, taken with
special care to eliminate questions.in interpretation .

. ,
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Soil samples of different t~xtures were obtained.from thre.e different field si"cesat the Uni versi ty of
California, Davis. The two coarse~ soils are of the
Yol0 series; the clay is mapped as Capay. AlI samples
were obtained from cultivated cropland, free of vege-
tation. Each sampling site coni'ained an area of 9m2'

(3m X 3m). Toobtain samples relatively unaffected by
tillage the uppe r 30cm Layer wa s rémoved. .The soii

. .
beneath was.irrigated, covered with.polyethylene film
to minirnize evapor-at i.on , and aLl.owed t.odrain for

several days before t~e initial sampling.· This
procedure provided and maintained favorable soi1 water
content ~nd physical conditions for·.obtaining core
sarnp.l.e s , Undisturbed aoiL was sampled wí, th a hammez-»

driven soil core sampler similar to that described in
. u. S. Department of Agr-Lcul.t.ur-eHandboox '60 (1954) and

is shov.n in Figure 1. In ordinary usage the core

sampling apparatus has a removablé i~~er cylinder or
·liner to retain the soil core. As the sa~pler is driven

lnto the soil, the core is forced into the retainer

• cylinder . The retainer cylinder and core can then be
removed from the sélmpler. For the;present study where
core sa!!lplesof small height or· thickness were essential,
the 7.5 era high r-etainez- cylinder wa s replac ed \',i"ch.,five
transparent plastic rinGs of the same diameter andwall



- - _._---- - ~
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Figure 1: From left to right-the display shows:
the ring, core retainer cylinder,
sampler and the hammer. I

I
I
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thickness as theori;inal retainer tjIinder. Each

.pIastic ring \'Ias 1.5 em high and 7~5 em in diameter.

The sampler cont.a.Lning the so í I Y;';:1s.carefuIly .excavated.

The core \'Ias removed from the sampIerand the excess soi1

was shaved from the upper and ~o\'ler core surfaces. The

samp1es contained in,the p1astic ?y1inders \Vere caref'uIly

examined to determine Yihether any v.i s.i b.Le disturbance

had occurred during the samp1ing pr-ocedur-e, They were

then transferred to the Labor a toz-y in boxes. The f'uI L

.core was slic ed. into :fi ve s egraerrts, by ,:the :following

procedure: in the 1aboratory, t.he cores wer e i mourrt.ed

horizonta11y and clamped. between tViOpieces of wood in

a vise or c1amp \'Iith the base supported (see Figure 2).

The core was cut into segments by forcing a' very :fine

....·.rire s.Lov/Ly perpendicu1arIy betweenthe pLast í.c rings

,(Figure 3). A visual ch eck aga i.n was made and those

core samp1es that showed signs of disturbar:ce were

discarded.

Since the sliced core segrnents· in their p1astic

rings were 'p1aced direct1y on the porous p1ates of the

pressure apparatus, 10\'1 sample height was essential for

reasonably short equ.i Libr-atLon times, especially at

10Vlmatric potentials wher e hydraulic conducti vi ty is

extr-emeLy 10Vl. On tl1e other hand , since slicing a I ters

the natural pore 6ónfi~uration for ~ome distance from

core surfaces into the interior of the. sample, even wi th



ti

Figure 2: Core clamped in vise for slicing .

Figure 3: Slicing the core with a fine wire
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great care in slicing, reliable results require a
minimum thic~ness of the sample~ As a preliminary
compromise, 1.5 cm height was selected. One of the
objectives'of this study was to observe equilibration
times at that saTIple height as ,a measure of its
suitabi1ity.

Disturbed samp1es were obtained with á shove1 from
the same depth as the cores within the 9m2 sampling sites.
A 1arge bu1k sample was taken, air dried, and ground

.with mortar and pestle to -pass a 2.·.J1'1Jn r-ound=hoLe

screen. Grindin.g was moderate to retain. some particles
just 1ess than 2'rnm d.i.arne t er . The bulk sample V.'2.S

thoroughly mixed and subsampled as'needed. Disturbed
soi1 samples vies:e placed on the porous plates by pouring

- ~ . . .....~..,'

an excess into plastic rings of the same dimensions as
those holding the core segments and r.emoving the excess
with a spatula.

One low-range (-0.1 to 1.0 atm matric potential)
and one"high range (to -15 atm) pre.Ssure cell, each
equipped wí, th three porous p.Lat.es , were use.d to measure

water retention. Both cells were pressurized with

botiled cornpr-essed air controlled by commercial pressure
regulators.

At each matric potential, five replicate samples
were used. AlI samp l.e s wcre plac ed on the plate a Jc. ,
random positions within plates and among the three"plates
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and were allowed to stand at Least .24 hours wí, th an

excess of water on the plate surface to assure saturation.
The air pressurev;as adjus-'cedto a 'predetermined value

and heLd until equili bri um wa s reached. In alI cases J

equilibrium at the imposed pre~sure 'Nas declared wh en
no outflow from the plate outlets was measured over a
12-hour period. The samples were transferred quick~y
to moisture boxes, weighed and then pl<:tcedin a drying
oven at 1050 C. where the sarnp.l.e s remained at least

72 hours until they reached a constant weight. Moisture
• •

content on a percent, dry we.igh't ba si s Vias then deter-
mined. Following the same prodedure, new samples '.'lere
used for each water rétention value.

To provide a meas~re'of the difference'in bulk
density and total, porosity between core and sieved
samples these values vtei:e calculated from the ma ss of
dry soil in the ring used in water retention studies and
the volume of the ring, and an assumed particle density
o:f.2.65. The volume of' sieved samp Les is that of the
dry soil as placed in the rings while that of the core
samples is more realistic since it is the volume at
field wa'ter- contento To characterize the soils studied,
particle size distribution VI-aSestimated by a modifi-
éation of the hydrometer ôethod. The procedure has been
descri bed in detail else ...·:here(Day, 1956). Summa tion
percentazes versus particle diameter \'lereplotted,; based



on seven hydrometer readings at JO seconds, 1, J,
10t JO, and 90 miriutes and at 1~ hours, respectively,
at 200 C.

. .

O'

-, ~
"
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RESULTS AND DISCUSSION
The particle size distribution and textural clas-

sification of three soils are presented in Figure 4

and iri Tabie 1. The tv/o coarser soils had about the
same two-micron clay content (2'8-29%) but differed

.markedly in content of silt and fine sand, especially
:fine sand, as wel1 as coarse sand. 'l'hecLay ' contento

o:f the finest soil V/as 54%, nearly double thàt oi' the
coarser soils. Thus.the three soils studied vary

'appr-eci.ab'í.y in particle siz e d.ist.r-âbu.ti on ,

Gravimetric water content as a function oi' soil
water matric potential is shov,n for the three soils in

Figures 5, 6, and 7. The sieved samples retained
appreciably mD~e \~ter at high matric potentials
(-0.1 to -1 atm) than the cores in alI three soils.
For example, comparison between uhdisturbed and disturbed
samples at -0.33 atm shoVls that disturbed soils

'retained .5, 12, and 13% more water than undi sturbed
soils :for clay, siltyclay 10am and'clay 10am, respec-
tively. The tv/ofiner aoi.Ls tended to retaín aomewha t

less water in sieyed samples than in core samples at
the 10west matric potentials, although the differences
general1y were small.

"

The total porosity of soil is the fraction of the
soil space not occupied by soil particles. There are. ~.

tv/o components of the t6tal porosit~ in moist soil~;'
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Table ia 50il clay, silt and sand content, undisturbed bulk'9,ensity,
,total po!\osity, and texture ' .

I

,Clay
%

Silt
%

Sand
%

, ~
Bulk Densi ty

gm/cm3
Total Porosity
Undist. Dist.

Textura

51}. O 36.0 10.0 1.63 0.38 0~54 Clay

29.0 52.0 19.0 1.47 0.44 0·57 5ilt~ Cl~y Loam

28.0 )8. O 34.0, 1.38 'o .48 o,'0'.60 Clay.Loam

P---J
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E ::= ê+ e, whero E is the total poros ity (emJ/ernJ), €. is
the air porosi ty (emJ/ernJ), and e·, is the water eontent
(cmJ/em3) • The total poro sity vias,estima ted C?y using
the equation E =- 1- ~6 where f.)1:, .i.sthe bulk/Jp /

densi ty {grn of dry soil/emJ ó f .bu.Lksoil. The partiele
density (gm of dry soil/emJ of partieles) was assumed to
be 2.65. Using these eriteria, total porosity was
determined for the three different· soil-s with undis-
ttirbed and disturbed strueturesas they were plaeed on

·the porous plat~s in the pressure. Gells (Table 1).
The total porosities of the disturbed samples.were 42,
)0 and 25% greaterthan those of undisturbed samples
for clay, silty elay loam and clay loam, respeetively,
indieating that the ehange' in physieal condition of
-:t;hesamples eaused by grinding was very large.

Drying and sieving of ·the sampleby altering bulk
density, total porosity and the soil strueture·modi-
fied the moisture eharaeteristies on all thesoils
studied, especially in the range above -1 atm matric

-potential J i. e., the range. where maero -struc ture ha d
the greatest influence on Vl3.terretention properties.
Pore size distribution plays a very important part in
water retention and on the 80il moisture eharaeteristic
curve. The·pore·s vary in both siz.e and shape. However J

assuming a spherieal interfaee provtdes one way to
analyze the system, two ranges of water retention .

.•..



22

should be considered. One lS that iri which macro
stTucture has the greater influence, where water is
largely held in the pores. The other is at low matric.
potential where ~ater is held ónly in the smallest pores
or is adsorbed on the soil particle.surfaces. In order
to ·evaluate these two ranges, the Kelvin equation
-(Kirkham and Powers, 1971) was used to calculate the

magnitude of apparent radius. of the largest port that
will remain filled with water at a given tension (which
is referred to here as matric po_tEijltial):
.T::. ~t 1!.v .-=- (L V//t. where T is the tension· wi th
respect to a trno spher-Lc (ã.y-nes/cm2). (J is the surface

tension coeffecient (72.75 dynes/cm) at 200 C., ht is
water height (em), g is the acceleration of gravity
(981 dYnes/gm), /IN is the water d~nsity .(1.00 gm/cm3)

and r is the diameter o~ pore~ (c~). This relationship
assumes zero conta~t angle. As the matric potential
decreases, the moisture content progressivel-y decreases

-,
as a result of the successive emp~ying of pores of
smaller and smaller radius. At -0.1 atm the ca,.lculated

pore radius is about 20 microns, whileat -15 atm the
calculated radius decreases to a fraction of a micron
(about 0.2).

'. However, in the dry range. at low matric potential
the '1.'3. ter retention can not be explained only by
capillary forces. Adsorbtive forces acting between·
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the soil particle surface and vl3.termolecu1es are
responsib1e for ho1àing the water. The forces that act

"in the wet and àry ranges do not change suddenly from
capillary to adsorpt~ve, and at intermediate moisture
both are operative. At high matric potentia1s, pore
~ize effects dominate with decreasing inf1uence asmatric
potentia1 decreases. At 10Vl water p-otentiá1s, perhaps
in the vicinity of -15 atm, adsorption is the on1y
effective water retention mechanism, and soil grinding

"which does not break up primary p~t~c1es and create
new surface area shou1d have litt1e impact~

The data in"Figures 5, 6, ando 7 generally corres-
pond to predictions from the above"ana1ysis, since
sieved sampl~s",..retained appreciably more wa ter in the
wetter range because of creation of additional pore
space made up of 1arger pores. Retention:in sieved
samples tended to be a little less than in core samples
at lower matric potentia1s. lf the difference is real,
th"ere is no current exp1anation.

The resu1ts agree generally"with data"of Richards
and Fireman (1943) for a 10am soil and those of Elrich
and Tanner (1965) for soils rariging in texture from
loamy sand to si1ty clay loam. Gerierally, core samp1es

should be used for water retentión measure~ents at
matric pot8ntials above -1 atm.



.The moisture release curvo ~s U~ed in interpreting
.or-a sessi ng the availabili ty o: water to .plants (see
.di scussi on by Satter and \'Jilli~ms;.1965). Hagan lists
the curve as one of several factors to consider in
judging required frequency of 1rrigation. He used
the fraction of total available wat~r held at lowsoil
water tension as a qualitative criterion. Richards and..
Marsh (1961) presented curves of percent available

water depletion as a ~unction of m'atric potential and
'emphasized that. the curves diffe~~ for differrent
soils. Such curves have been reproduced and used by

Taylor (1965) and by Hai?e and Hagan (1967) in inter-
preting plant responses to irrigation despite the fact
that they probably were from disturbed samples, making
·shapes of the curves rather questionable.· The shape
distortion is increased by·plotting availàble water
depletion vs. the logarithm of matric potential,
expanding the low matric potential portion of the
curves V/here pore size influence is grea:test.

In expressing soil wa,ter as percent available

.water, upper and lower limi ts must be adopted. 1tlhile
the -15 atm valUB is generally accepted as the lower
limit, the -1/3 atm value af disturbed sam~les is used
to estimate field capacity. In the field, matric
potentials followfrig irrigation an~ some period of. ~
drainage usually are in the range between -0.1 an~'



-0.2 atm. For this reason curves fór the threesoi1s

studied ana1ogous to those of Richards and Marsh are
presented in Figures 8, 9, ~nd- ~oto a110w different
comparisons. Figure 8 shows water retention data for
sieved samp1es vath -1/3 atm 'as·the upper limit; Figure
9 gives corresponding data fo~ core' samp1es. Figure 10
shows availab1e water retention of core samp1es using

-0.1 atm as the upper 1imit of availab1e water. Prob,
!

ably the most va1id compar i scn is 'betVleenthe curves/
. J

in Figure 8 and·in Figure 10, ando they differ'markedly.
To quantify Hagan's (1955) criterion of fract1o~

of available water,atlo~ tensions, percent of availab1e

Vlater dep1etion at -0.75 atm or -1.0 atm was selected
( % avai1ab1e water dep1etion = 100, - availab1e water
remaining). The -0.75 atm leye1 L's the limi t of
functioning af most tensiorrreters,and'-1.0 atm values
allow comparisons with some pub1ished data.

I
Judgin~ from the curves inFigure 8 (sieved samples)

I

availab1e water dep1etion at -0.75 atm was 39, 37, and
29% for th~ c1ay 10am, silty cl~y loam, andthe c1ay,
respective1y. Corresponding va1ues for cores from
Figure 10 are 66l 60 and 47%, indicating that much more
water i8 he1d in these soi1s at higher matric potentia1s
than Viou1d be interpreted from \'laterretention by sieved

samp1esi in fact, 34, 58 and 79% more, respective1y... ~
.'
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The shapes af ihe wate~ retention curves tend to
conform to thase p1atted farm the data af E1rick and
Tanner (1955), and alI curves, including that for Capay
c1ay, canfarm more clase1y ta thase of Richards and
Marshfor coarser soj,.ls,not to their "clay" curve.

One advantage af sieved samples is the ease af

obtaining rep1icate measurements wí, th a minimum of
variability because the replicates are taken' as

subsamp1es from a well-mixed, homageneous samp1e.
Such subsamp1ing isabviausly impassible VIith cores,'

.and variabili ty is grea ter. The f~lloviing statisti caL

comparison of coefficient af variation given in Table
2 provides some idea of whe t.her- samp l.e variabili ty is
a serious limitation in using cores. Comparing the
coefficlent Q~variation of undisturbed and disturbed
soils at -0.33 atm shoVls that there was 1.1, 3.0, and
1.9 times more variability in undisturbed rep1icates
for the clay, si1ty clay loam, and clay loa~ soi1s,
respectively, and ~.9, 6.2, and 1.7 times greater
variability at -15 atm. However, most values of
coef:i'icientaf variation ranged between 1 and 2% with
five replicates. Values OI standard deviation are given
in Appendix. Variability in core samples was therefore
not an imnortant limitation to studying soi1 water. -
retention in soi1s with field structure for.the soi1s

.studied. , ,. :



Tab1e 2: Coefficient of Variation From·0.l0 to 15.0 atm'for ThreeSoi1s'with Undisturbed and Disturbed Structures. Each
value 1s forfivé subsamples •.;

Soi1s
Atmospheres

~
0.10 0.33 0.40 0.50 0.66 0.82 1.50 3.0' 5.0 7.0 10.0 15.0

• C1ay
+'Ul Silty C1ay Loam... .~

,'. .'0c
. .- p Clay Loam

0.93 0.93 ---~ 0.79 2.24 ?22 ---- 1.75 1.76 0.98 1.48 2.26
1.03 2.42 3.41 0.69 1.81 2.13 ----.2.60 3.99 0.76 -~-- 2.06
2.27 2.78 2.27 0.91 1.J~ 1.62 ~--- 2.15 1.42 0.8J----~1.94

•
+\I
Ul.~

c::l

ClayO.81.0.85 ---- 2.75 1.14 ·1.06 1.551~89 2.06 ---- 4.86 1.18
..' . '.

Silty C1ay LoamO.69 0.80 ----"4.17·1.31 0.49 1:.2~1.91 0.88 ---- 1.53 0.33
Clay Loam 1.08 1.441.70 0.79 1.40 1.62 ~--- 2.20 1.95 ---- 1.61 1.13

'I

'vJ
o
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Correlations between undisturbed' and disturbed
$oil water content on a weight basis at -0.33 atm and
-15.0 atm (equations 1 and 2, Table.3, Figures 11 and
12) were significant at the 0.1% probability leveI.

The regression line slope fo~ tbe relationship at
o

-0.33 atm (Figure 11) was markedly different from the
slope at -15.0 atm. Át -0.33 atm, the slope ~~s 1.109,
showing a deviation from the 1:1 1ihe'oBased on
Figure 11, for alI three soils the'sieved sample con-
tained more water than undisturbed soils. According. . .
to Figure 12, there was no real difference betV/een core
and sieved soi1 viater corrt.errts at -15 atm.

The small deviation of slope at -15 atm compared
to that at -0.J3 atm confirms that the majorOeffect
of sample disturbance on water ret€mtion is in the range
where pore sizes effecti ve .í,n retaining water are most

likely to be change~. These resuIts agree with those
of Richards and Fireman (194J), who found little
effect of sample disturbance for a loam soil below
-1 atm.

With respect to core sample variability, eve~y
precaution wa s taken to minimize differences. AlI :1.

sampl~s \'leretakeh ~rom within small areas (Jm X Jm),
and very close together, just far eriough apart to avo í.d

disturbnnce duringthe sampling ope::ation. It should
be emphasized that this work did not deal with soi1
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·Table;1 Undisturbed-Disturbed Soi1 Water Content Re1ationship

Equation
Number

Y Variab1e %
Undist. Soi1
Water, atm

X Yariab1e %
Di.s't, Soi1
Water, atm

Regression
.Equation

1·

2

0.33

. 15. O

0·33

15.0

Y::1.109x-S'.16

•
Y=1~00.1x+0.84

0 •.987 ·0.1

0.972· .. . 0.1

..
'uJ
1\)
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spatial variability, which lS an important consideration
in some,applications of ~oil water retention curves.

The core samplingprocedure as describp.d previousl~

is easy at least at the shallow dpeths sampled. Obtain-

ing samples is not seriously ti~e consuming. A mini~um
of 10 to 15% of alI samples taken'were discarded during

the whole procedure from field to th~ labora~ory.
Sampling difficulty is not a justification f~r using
disturbed samp.l.e s if one wan t s to"rely on real measure-
ments for having an accura.te prediction of soil water.'. "

matrie potential from ~'ater content in field ·soils, as
we LL as in estimating water ava i Labá Lí t.y to plants.

Using 1.5 cmsample height, equilibration time
Viasnot ,excessive at high soi1 water'matric potential.
In the range from -0.1 atm matric potential, equilibration

time varied from 3 to 5days. At -10.0 to -15.0 atm
"matric potential equilibration time was 13 to"16 days,
whieh is 2 to 3 times that usually experienced with

1 em height.
Sinee neither sampling difficulty, sample varia-

bility, nor equilibration time are major limitations in
using core samples, alI \'laterretnetion curves should
be obtained with cores, at "least for matric potentials
a'bove -1 atm. Curves for o í stur-bec samples differed
márkedly from those obtained on undisturbed samples
and could lead to serious misintcrpretation.

, r
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This does not mean that the practice of using
water retention by disturbed s2..t'Ílplesat -O.)) atm for

estima ting wat er- corrt errt at field capac i ty shou1d be

discarded. Its use was established by corre1ation
with the moisture equiva1ent.which had previous1y
been found to corre1ate we11 with field capacity
for medium- and fine-textured soils. However, this
has led to the widely held misinterpretation that
field capacity is associated with -O.)) atm matric
potentia1 inthe field, whereit generally'is

, .
appreciably greater.

,.



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

37

LITERATURE CITED

Btuce, R.R. 1972. Hydraulic conductivity evaluation
of the soil urofile from soi.Lv.wa t er- retention
relations. Soil Sei. Soe. Amer. Proe. 36:

, .555-561.
Chi1ds, E.C. 1940. The use aí soil moisture

'characteristics in th~ soi1 studies. Soi1
Sei. 50:239-252.

_Day,Paul R. 1956. Report oí the'Committee on
Physiea1 Analyses, Soi1 Scienee Soeiety
Proc. 20:167-169. .

E1rick, D.E. and Tanner, C.B. 1955. Inf1uence aí
samp1e pretreatment on soi1 moisture
retention. Soi1 Sei. Soe. Amer. Proc.
19:279-282. - •

Ragan, R.M. 1955. Factors affecting soil moisture--
p1ant growth relations. Report of
fourteenth Interriational Horticulture
Congress, Nether1ands, Symposium 2, 1955,
pp. 82-102.

Raise, H.R. and Hagan, R.M.1967.Soil, plant,
.and evaporative measurements as cri teria

for scheduling irrigationIn irrigation
of agricultura1 1ands. The Ameriean Soe.
oíAgronomy, Inc. Wiseonsin, U.S.A.
pp. 577-604.

'Jamison, J.C. and Kroth, E.M.· 1958. Avai1ab1e
moisture storage eapacity in re1atibn to
textura1 eomposition and organic matter
content of several Missouri soi18. Soi1
Sci. Amer. Proc. 22:189~192~

Kirkham, D. and Powers, W.L. 1972. Advanced Soi1
Physics. John Wiley and Sons, Inc. New
York. pp. 21-24.

Kroth, E.M. and Jamison, J.C. 1960. Avai1ab1e water
storage c~paeity ~stimates of a terraced
c1aypan. soi1. Soi1 Sei. S0e. Amer. Proc.

, 24: 146-147.

... ~

"



38

Perrier, E.~. and Evans, D.D. 1961.
eva1uation by ten~iorneteTs.
Amer. Proc. 25:173-175.

Soi1 moisture
Soi1 Sei. Soe.

Richards, L.A., Editor, 1954. -Diagnosis and
Improvement o~ Sa1ine and Alka1i Soi1s,
United States Dept. of Agricu1ture
Handbook #60.

Richards, L.A. and Fireman, M. 1943. Pressure
p1ate apparatus for measuving moisture
sorption and transmission by soi1s. Soi1
Sei. 56:395-404~

Richards, S.J. and Marsh, A.W. 1961. Irrigation
based on soi1 suction measurements. Soi1
Sei. Soe. Amer. Proc. ~5:65-69.

Salter, P.S. arrd1tJi11iams,J.B. -1~65. The Lnf Luence
of texture on the moisture characteristics
of soi1s. I. A critica1 comparison of
techniques for determining the avai1ab1e
water capacity. and moisture characteristic
curve of a soi1. J. Soi1 Sei. 16:1-15.

Shayke0ich, "D.F. 1970. Hydrau1ic properties of
disturbed and undisturbedsoi1s. Cano
J. Soi1 Sei. 50:431-437~

Taylor, S.A. "1965. Managing irrigation water on
the farm. Transaction of the ASAE.
8:433-436. "

Unger, P.W. 1975. Water retention by core and sieved
soi1 samp1es. Soi1 Sei. Soe. Amer; Proc.
39:1197-1200.

Young, K.K~ and Dixon, J.D. 1965." Overestimation
of water conten~ at fie1d capacity from
siev~d samp1e data. Soi1 Sei. 1011104-107.



39
..

•

APPENDIX

. \



4-0

---1 O f (J rw À T ( T 1 6 , 11 F F r E r. T u r s" H P L E o 1sT li li ~ )\ N r [ O N ti , II-------
1 T 1 6 , f1 H AT E R h r T E N ~ I U I,. 1 N T H f~[ E S r. I L s 11 / I / t

lT6,nRE~~ARCH DATA ANALYSIS"/)
---"- \i H 1 TE ( 6 , 11 ) .--------.---------- -

11 f li H~1.\ T ( T 6 • "I r (,E N n I r; r G R f~A T I O N l P1 • /

1120." A c CAN I'IETGHT (GkAHS)It/
-1 T (; O f n B li i'i r T G h r o F h E T S li !L .•. - r.A N (G R Ã I~Si" ~T
1 T 2 o i tt C c r(r T G H T o r o R y S o I L ~ r.A N (rI fi Mi S ) " I
lT20," o ~ HrTGHT ar DRy SOIL (GRAM~)"I

----1 T2o J" E r: W ~ T G H T o r ~ f\ Tf. R «(j RA-:-I S ) "/ - ---
1 T 2 o a n F :; h' A T E R r. O rn E N T O ti t'i E I G H T R A ~;'I ~ (j;)" I)

5 REAOe5.100)H

100 fORHATCll}
IF(N.EQ.O)Gn TO 99

-lfeN.EO.l )Gn TO 30
lfeN.EO,2)Gn TO ~O
IF{N.EO.3}Gn TO ~o
If(N.EQc4)Gn TU 6~
IfCN.EQ.5)Gn TO 70

- lf(N.EGc6)Gn TO 80---- ---------- ------------------GO 1"0 9<;
30 HHrTE(6.200~

200 füRHAT(t~ SOI'- Typ(, CLAy,UNOISTuRorD SAHPlE"/}
-- GO TO 2_0, - - -----.------- --------

40 WHITE(6,300) _
300 rORHAT(t1 50Tl TypEz SILT CLAy LoAM.UNOTST. ~AMPLEfI/)

----- --GO TO 20-----------~--------------
50 "HIT[(6,aOO) , _

4 O O F U R H A T (" S O T I T y p E I C L A Y L O A M, u N O T S T U R H,E D s A t{ p L E " / )
---------- GO TO 20---- -------- --------

60 HRITE(6,500, r

500 rORHAT(" SOlt TypEs CLAY, DISTUR8En SA~pLE"/)
----- CiO iO 20 ------- ------

701'1 R ITE ( 6 ~ 6 O O ) ,.
6 O O f O R H A T (1'1 S O T I T y p E I S I L T C L Ay L n A M• n I s T. S A H P I E" / ) _'------ GO TO 20- -- ----- ----------------:----------_-----------------, ---

60 HR!TE(6.706~ -
7 O O r O R ~.\,\T (t1 S O T I T Y p E I C L A Y . L O A t~, n 1ST U RB r o S A I-( P L r 11I )

---- 2 O C O rH I li U E . ----------------------- ----
25 RlAO(S.lo5)ATH

105 füRHATef5.2)
--- lr(AiH.Eo~n:)GO TO--5

WRITE(6,2051ATH _
205 fURMAl(" [XTnACTTON Ar ",~5.2," AT~."./)---.-.' _. riR I T [' (6,210, -+------- o - -- -----.-------.-------

210 rURHAT(lH tT3,"A",i13t"Ij",T23t"C",T33,"'D",
lTQ3,"E",r53,"f",/)--- - -- - ----TUT::o

SOTOcO
00 12 J:q,5

.-

- ,

--------- ---- ---------- ---



41

-- ~ E A O ( 5 ,- t i o i A • n;-C-
110 fURHAT(Fo.l.rS.l,r5.1)

- DaC"'A-[•.BvC ---
•fU(E/O)vl00 •.

TOT:1fUT->f;- _
SOiO,;SQTn+Fw-602-
WRIT({6.?lS)A,B.C,O,[,f __

215 rORHAT(lX,Fa:ltlil.f5.1'T21,r5.t.T~1~r~.1.TQ1,rq.1
--- --- 1, T51.,5. 2) ---------------

12 CONT !tWI::
AV[:=(TOT/5.1

--- WH I Tr ( 6 , 220 ) A Vr. •220 rURMATC/,TIR.~AVERAGE WATER CONTa wT. RASIS c-~'
U·S,2,ffZ".//)

--- S 1 O T ~ ( T O i ~ó 2 )15 ~--.
RS12=SaTo"STOT
SSQ::RS12/4. _

- SOEV::SQRT (S_~o)-
CVAR~CSOrV/hVE)~1ào.
~RITE(6'225)SDEV-_ _ _

---225 rURHA T (T 23,"T HE 5 T A t-lDARO--OE VI A T I ON--Y S--f", f~--;2/)--
WHITEC6'2301CVAR

230 rORMATCl19,"THE COEF~lCIEUT ar vARTATlnN IS~n,
-----1 r 5.2§ ;;../1> ---------- -----

GO TO 25
99 CONTINUE

------ S YOP - ------------~----------'
[NO

.-



42

[ffPCT or SAMPLl DISTURRAN~E ON
~ATr~-RETENSIONIN~THREE-SnIIS

RlSEARCHDATAANAl~SlS
lEGENO I NfORHAT ION

r

; .'

----------------. A a CAN WEIGHY--"(GRiHS)-
B z: tiEIGHT Or'f'(ET s o t i .•. rAN(r.RAt,fS)
C = WEIGHT OF ORY SOII • rAN (~RAMS)_._-------O • WEIGHT or ORY sOII (GBAMS)

- [ • W~lGHi or ~ATf.R «(,RAHS) .
F $I - WA T E R C O N T c:. N T -Oi. w E I G ~ T. B A ~ I S (~)
."- --_. __ . - .. _._- - "-"- _._---------------_._--

SOIL TYPE, CLAY.UNnISTuRBEO SMfPLE

'-[XTRACT ION-'A T.---O~--'Õ -A Tu ~ - .
A B ·c o E r

4U.7 159.l 132;4
49.0 149.7 125t4

--49.2 -----154 • 6---- 129 ~1
46.5 - 156,6 129.9
47f6 152.6 126:8

83,7 26.9 ~2o,4
76.~ 2~.3 ~1.81--·79-.9---- 2C) " 5-----:'l1 ~9 1~_
83.4 -26 •.7 ~2.Õl
79,2 2S.8 ~2.6a-~

THESTANDARU OEvIATlnU IS J O,lO
--THE-CnErr"I CI EN t'-Cr-VAR 1 Ã TI UN---I5-,--0-;-9""3-

EXTRACTION AT o.~~AT~:
A õ- o E

50.2 179,5 149;6 _ 99.4 22.9 'O.~8
--49.-r------l02.5------152.2 ----103. 1-----30.3- ?9.J9--

51.2. 179.i 149:7 98.5 2Q.5 ?9.~5
4U.5 175.5 lq6~5 98,0 29.Õ ?9.S9

-.-48.2--- 181.o 15O!6---102.4 ------3n. ,,------- ?9, 6?-

AVfRAGf WATER CONT. WT, ~A~I~ ; 2Q,741--'---------------- -- _. - --------------------- ---- --- ------------
- ~

THE STAtlOARO OEvIATlnN IS IO.~8----------- ---- -. - -

THE CnErrICIENT Of VARIATION ls1 0.93
--- --_._------- -.-



4J

E X T R A C T I O N ,A TO. t) õ A,T f.l ~
,,----- -'--------------------

" A o c o E

-45; 2-----' , 177.4" '--148: 4 -t(l3~2,..L---29 t Õ ----"8 ~-;0-
, 46.1 . 166.1 139;6 '93,5 2ó,~ ?3.3t1

4h,2 162.~ 137:1 88,9 2~.O ?8.,2
- --46.2---. - 168.0 -,---.. 140.9---,,~94.7-----27.1------- ?6.(12-

41.2 164,5 138:5 91.j 2~.~ ?8,48
'A\irRA Gr'''ifA T ER--'C ON T .-W T-;-'R A 5 r~---=-'2P;~'3 ~ ~--

-1HE-~ST A~ o ARo' DEv I ATI n N -, 15:-.--0-; ;2-"

lHE CnEFfICIENT or VARIATION Is~ 0.79~~------------
, .

A B c o E f

154;i 103,4 27.??6.31
151,0 113.7 29.6 ?6.ô3
152~4-' --'113.8 ----3õ. 9----'?7. t 5-
151:2 103.527.4 ~6~47
152~4 104.9 2a.8 ,7.45

50.7 181.3
31.3' 160.6

'~t. 6--' "183.3'
47.7 178.6
47,5 181.2

, - -AvrRAGr WATER CONT. hT. nA$l~ = 2n.6B~

THE STANDARD DEvIA1InN IS I O.~O
•

EXTRACTION AT O.A' AT~~
--o A B c o [ r

37.2 178.7 151:6 114.4 27., ?3.69
-Jts. 5----164.3 -'-'-139: 3---10'0. 8---2~. Õ---- ',4. A0'-

4~.7 175.6 150:5 100.8 2~.; ?4.90
, (16 t ta 175 • 1 15 o ; 1 1o 3 .'7 2 c; • 'Õ ?" • 1 1-47.r-- 169,7-----'145.3 -'-~', 93.2------- 2/l.4--------'4.85-

AvrRAGr WATER CONT. WT. ~A~I~ 2 2~~47%---_ ..



44

- -lHE CnEFFICIENT OF VARIATION ISr 2.,2

EXTRACTIO~ AT 3.~~AT~:----------- ------------ -------- ----------------
A B c D E F

-47-;t-----U36-;6----r6-f;-i 'Trj-;4 -2-~~-5 ?-2-~7i-9-
- ~1,5 101.7 157~2 10-9,7 2A.5 ?2.J3

46.4 173.2 150.2 103.8 23.0 '2.16
=-47; 1------169.J --------147:2-'----1 O0;-1=-------2' •., -~-- ---::> 2'. Ô 8 ~

46,2 168,9 1~5:9 99.7 2~.Õ ?J.õ7
A ,ir R-A-G r---'i A T E h-t-a ~H-.-kT~-A ~-(~ = 2-2-:-43:6---

T1~E--STA1~O~RD~-OE v I ATrn~rI 5-.0-;-39-

tHE CnErrICIENT Dr VARIATION Is~ 1.75---------------~._-------

B C o--------------_.r~-----~----~~-------------A . E

46.5 178,3- 155;5 107,0 2?8 ?1.31
4b.2 156.~ 137 6 89.~ 18.8 ?1.ô3--49.2---169.1-------- 148 :2-----99 •\f.--- 2Ô. 9--~---? 1~-1-1--
51.2 . 170.4 156:4 -105.2 2?~· ?6.91
51.5 182.3 160.2 108.7 2?i ?0.33-------- - ------ --------

- -lHE sTANDARO DEvIATlnN rs 1 0.37
- fHE" .cns r r I CI Oú-or -v A FII"A-T I oif-I S-;-1-;-76--

EXTRACTION AT 7.~~AT~:
A B ---c r---

48.5 182,0
--4~. 2---- 178,7-----

51,2 174.1
50.2 170.4

·--4b.2 183.1

,
16 o ; Õ 11 1•5 2 ?- • Õ ~ 9 • 7 3
157,2----103 t o ---~--2!.? ---- '-9e 91-
154,1 - 102,9 2n.n!9.44
157.3 107.1 21.1 ,,9.70
161:1 112,-9 2?Õ· -.--19.49-

-- ,
A V r R A G r W A T E R C oN T.- W T. ~ A s I $ ZJ 'Q t 6 ') ~



00 0h ===st-li O :::::z:=:: x_

45

.T H'E_S T Ml O A R O O E V 1 liTI nN IS I O Q 1 9
•__ •• , - .0--0 _ 0;_0_.0000 __ o ••• o. __ o,

THE CnErfICIENT Df VARIATrON 151 0.98

.EXTRACTION A: 10.no ATH.
o;------ ----- -- ----_._ .... -------

A B c o E r
-lf671---i 92~5----169:II 122-;7-.---2 i;i- t-8-~-R-3-

50.7 172.0 152~3 101.6 19,1 ;9.39
37,2 159,2 - 139.5 102.3 19,7 i9.,6

-36;5-----165.1 ----- 145: 1-----106,6 ------2õ.Õ---------'8.76-
46,4 177 « 1 156:o 109.6-- 2i•i ;9•?5

- .
AVr -R A G r--U A-TE R --co NT-;:-~fT_;_--ÃA ~ I-~--=--i -Q-: rõ r:

_ -~fHE---S-TANO-AR O-OE"V-I kT 1ON--CS--s-o-'-~8--

THE cnErrICIENT Dr VARIATIDN Isi 1.48----------------------- .

A B --------~--------~--------~~------~----c - '0 E f

4b.8 167,9 149;8 101.0 l~.i i7.92 -
50.7 160.0 160.5 109,8 lq.S '7.76

- 3 b • 5 -- - 17 o « 5 ------- 1 5 o : 4--- --- -- 111•9------ 2Õ i 1------ --,7 ~96-
48,2 179,5 "160:6 111.6 19.5 i7,A4
50.5 173.2 154:0 103.5 19" ia.55--- ._------_._------ .._-----

lHE STANOARQ OEyIATI~N IS I o.~o
-YHE."C n E r r I c 1 E N T - or- V A R I A T r o N- 15--1- 2 ~-~ 6-

----------- ---_._------- ---



4,6

SOIL TYPE; s n.r CLAY LO~t1lUrIDI5T. S;\J.\pLE

--r X T R A C i I O H A T" a; 1 õ -A T H •

B C--_.-----, -----A o f. -50.6 165.1 ~41,~ 90.8 2l.7 '6.10
~9.1 144.0 124.3 75.2 19.7 ,6.PO

.,--~ti ~7--' 157.1....-,"134;?'--;-'85 ~a '--"2' ~6'----· '6~24--,
46.2 168,7 ,144.0 '95.U 2ll.7 ?5.78
51.5 156,6 135:183.6 21~5 ?5.72

, . -AVERAor WATER CONT. HT. RASI~ n 2~.03~

~HE·STANDARO DEvIATlnN IS I O.?7
THE- CnE rr I'C IE t~T-'-Of- 'V A R IA T 1'0 N- IS '.-'f~ô3-

•
EXTRACTION AT .•. .. ..

0.33 ATN.
A B ,E F

49,1 ' 169,8 1~7:9 98.8 21.9 ~2.i7
-50. 2---158. 7---'~13ar r---88. 5--- 2Õ;Õ '"?2,60-

. 4U.B 166.9 145~0 96.2 2;,9 ?2,77
51.0 163,5 142:b 91.~ 21,5 '3.63

--49'.6"--'-177.0 153:1 103~J 23~9'---'3~'i4-
. .~ _.

AVFRAGr WATER ~ONT. WT. RASI~ = 2,.86~--~----------~-
THE STANDARD OEvIATInN IS ~ ó,~5---'------------------- .... _.~.,_ ..• _". ,'" .. ,._. __ ._ •...._--,. -._. -_._--_._---

THE CnEF'fICIENT Or VARIATrON Isi 2.~2

• •__ E_X T R A C!.I_O. ~ ~~_~ .•_~.~_~ I.Ii •. .,-- --"-

A, B c o E f

--4 fi;1---i 30;1'
5(.1.4 166.0
39.2 163.7

--49 i1--- - 162 f o
4ts.2 166.5

'116;Õ
145,4
142:3

.141,1
144.5

6'1-;3 fli-;7-' ?-f~·A/f-
95.0 . 2~.6 ~1.68

1034) 2,.A ,o.76
-- .---- 9 2 • 6--- 2 Õ , 3 ---- - - ? 1 • 92-

96.3 2,.Ô ,2.A5
: :

.. .
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lHE CnErfIC!(NT DF VARIATION ISI 3c41---'-----------_ _ .

____ A B C ~ __O E f _

47,1
46Q6

--49~f--
48.2
1l8.5

.~ .. .'lHE STAND1~o' DEvIATlnN IS I 0.!4
-THE CnEfflcIENr··ar·-VARIATION ·Isi-o.~9--

EXTRACTION AT O.6~ AT~:
A c ô E F

45.5 164.6
-.-4 5. 7- -- 153. 4

47.6 173.1
Ilb.6 160.4- 5 - .----. -.-..--4 .1 162.3

145;5 100.0 19.i ~9.~O135.6 ---- .89.9 -.-- ... 17. a .- .--.. -- 19. Bo
152;3 104.7 2Õ.§. ,9.§1
142.4 93.5 IA.o . 19.,9
143:3----- -98.2 -----..-19.Õ - ... - --- .. ,9. jS--'

- - .·AvrRAGr WATER CONT. WT. RASI~ ~ 'Q.q~i-----",-------,-- .-.' .. - _.. . ... _._._ .._...... -- _ .. _ .... _----

'~HE STA~OARD OEvIArlnN IS ~ Ó.35
lHE cnEfFICIENT ar VARIATION 151 I.AI

lXTRACTION AT 0.R2 ATM.-- -_ .•. _ _---_._-_._. --------- --------
A 8 c .0 E r

--q e ,-6
49.1
49.1

-. -4U,5'
41)'0

-161.3---'-.-144;5 ...-
160.5 144,1
160.5 144.5
170.() 159;0
157.d i41.4

95 ,-9---' ·~~-16.8----, 7. r; 2---
95.0 1~.4 .~~.,6
?5.~ l~.Õ .16,71

·---·-·-110.5-----"· 19, Õ -'---·,7.19--'-
92.~ 1~,4 ;7.75

h. •• •
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-THE STANDARO OEvL\TlnH IS -1--Ó~-~7--
___________ T HE ~n_ErrI C_I_~-.!{r o~v_:~ A T _I _~~~~_~ 13

-A B c o E r

49.0 14e.l 13S;i 86,1 11.0 i5.io
46,5 152.5 138.1 89.6 l~.A i6.~7

--40,5 --153.0-----138: 5--- 90f 0---1 A ,,5----' 6.;1-
49.0 151.1 137;3 80.3 t~.6 15.63
50,6 149.7 136.2 ~5e6 1~.5 iS.77

~H[ STANOARO DEvIArlnN IS ~ Ó.~l
t~E~COEFfICiENT-Cr-VARIATION-I$~-~~~O-

[XTRACTI0N AT S.~~ AT~;
A B c o- E f--

48.~ 1~4.6 140:6 92~414.~ is.is
-50.5----162,2-----148~ 197~6----14. i ;-4.45-

ta 'i • 1 156 •6 143• 2 9-4 • 1 1:;•A " li •~li
46.5 156.6 143'3 9~.ij 1~.3 '4.ô3

_-'-51.5 171_7 ---:---157: 3---_-105.8-----1 A.4----'- 3;61-

AV[RAGr WATER CONT. ~T. ~A~I~ ~ ~4~3~~-----.,-------- ------------

.THE STANDARO DEvIATlnN 15 t 0.~7--------------- ----- ----- ----------- --- - - --,--- ---

THE cnErrICIENT ar VARIATION lsi 3.99

----------
. ,
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•EXTRACTION AT 7.00 AT~.,,- B c o E r--

4Y.l 145,0 133'5 84.4 1',~ '3.~3
--_ 50.2-------159,7- 146:6--------96.4---13.;-- --,3,'19-:-

47.7 151.2 139;6 91.3 1?? i3.3ó
50,5- 1~4.2 _ 133,0 82,5 110:> ~3.S8-

---q {j • 5 ---- 152 • 5------ - 14 O. 1----;--9 1 ; 6- ---1 :> • 4---- t 3 ~5.~-

AVfRAGr HATER tONTe HT. RAiI~ = i~:54Z---------- -------------------

~HE STANDARO OEvIATlnN 15 ~ ó.io--'---------------- -------- ---- ------------_._-------------

THE CnEFrICIENT ar VARIATION IS~ 0.76

EXTRACTION AT 15~~a AT~:--------------------'-----------
..

-A B c .0 E r
-51-;0 1'51-;4-. ---_ -140;1 8-9-;1 í ,-;-j t 2-;61}-

SOcO 159.5 '141,2- 97.2 1'.3 i2,65
37.0 151.0 138.5. 101.1 1:>.5 ~2.36

-.-39'2-' --140i5---129: 1--- -89;9----1'.4------ ,-2,60--
49.1 160.5 147:6 98i5 1:>.9 i3,~O

lHE-'S T ANo AR 0--0 E v 1 Ar I n~j-l 5-~i--O-~-~-~

t~E cnEFrICIENT or VARIATION IS~ 2.~6

EXTRACTICN AT--
-- .0.10 AT~.

A c o E r
--4<j~Ó----16s;5 ----144;~. 9S~2-----2t ~-3'-------?2~-jr-

40.6 154.5 135.0 86.~ 19.5?2,r,7
4~.5 144,0 126~2 '77.717.8 :>2,91

--49,1 -- 164.0 159;1-------110,0 -·-2~.9 ----··?2.64-
50.3 164,6 142.7 92.4 2,.9 ?3.70

. ~.

'----AvfRAGr lIATER cosr. hT.--RASI~ a::2?~O~1-.

._. __ '--' •.l,. .. '!._~._--
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THE CnEF"fIC!Eln DF VARIATIOtJ Isi 2.,7--------------- -- ._--_. - - -

____ A B- "~Cc_~---,,~-D----------E-----------F-----
49.1 164.0
50.2 17002

--46.5 -----""167.0
4&.7 198.1
~b,5 182,4

~44;5 95,4 19,5,0.44
149.4 99.2 2n.0 '0.97

------147; 7 ------ 99.2 ----- 1Q ,·3 ------";" 9 ~1l6--

173,1 12~,4 2~,Õ ?O.tO
160.1 111,6 2?~3 19,98---"""" ""-----

" ..AvrRAGr HATER CONT, WT, RASI~ " 2n.19~

lHE 5TAND~RD·OEvIAilnN 15 I Ô.56
----------------THE -CnEFf ICI ENT--Or-VARI A T IOtJ"·1"5';-2-'-78-

EXTRACTION AT
A c o f

__ 37.!3 142,7 126 ;2_. 88.,9 1ft. 5 ~8 ,~6_"
"46.4 113.2 15J,G 107.0. 19,8 : 18.~O

46,4 14Ô,1 133.2 06.8 1~.5, ,7.n6
__ 4 b !.6 _ 1 7 1 • 5 152 ; O 1O3 • 4 1(), 5__ - i8 , ~ 6__

49.1 161.2 144.1 95.0" 17.1 18.00

AV[RAGr WATER CONT. WT. ~A~I~ ~ tA~36i-------------------
THE STANOARD DEvIAr1nN IS 1 0.42

THE CnEFfICIlNT OF VARIATION lSI 2.~7

[XTRACTION AT . - .o.r;;o ATN.
B c -o E F

--39 ,i-' ---14 O; 6-------125: 6 ----- 86 ~S---:---o-" te,. Õ ----- i7 -;-~-4-
" IH>, 4 192.7 171:3 121.l.9 2,.4 -,7113

46.4 157,6 141:3 9Q,9 16.~ . t7.;d
·--48;6 176 t ~ 159 :II 11O t ii 19 • Õ -- -- -;7 •;-5 ---

47,7 153.5 142:Õ 94.3 16.5 17.50
- - .
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---THE- sTAr.OJ\RD -OEvIATlnN Is--i--Õ;16--

t,iE;_Ç_~E_fJ~JÇJ~!_~T_~r ~ ~~!A })_º_~_~~i à_._9_~-----------------

! ••

A B c o- E f

~HE STANOARO DEvIATInN I5 i 6.~o
t'HE-CnE rr I C I E N T---Orv A R IA T I O N--Is i-f-;-~0-

-~
EXTRACTION AT - . . .0,1\2 ATr.c,

B c o E r
47,7 167,5 151;6 103.9 15,9 t5,30

--46; r=---168,1 -----152.31040-1----1';.3 iIJ.? o
50.7 163,5 lft8:7 98.0 14.8 ~5,10
4~.4 167.5 _ 151;0 105.4 15.7 14.90

_-46 t 6-------165 ,7----------150.6---102 .oP;. i-----i4 ~BO-~

-----------

THE STANDARD D[v!ATlnN IS O.~4--------~----------------
THE cnErrICIENT Of VARIATION 151 1.62

0. ~

"

.'
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,,-_._--- ---------

•
__ E~-X ~,~_~,~I_~~O,~~~!__}_._~,~__A l!.!,~ _

A B c ..0 E r
--49.0-' -._-,

"0.6
4tS.5

--, 'l9 • o ,-, --
50,2

15 2 ~2- ------'-1 39: 6'-,--9 ri. 6----1 ?~-6 o; 3'~Q r-
1~6.7 135~286.6 1~.5 ,3.?~
160.2 147:1 98.6 1~.1 ;3.~9
15 o t 7 1 3fi: 7 89 t 7 _ ...- - 1? • Õ ---.- ... - ; 3 • ~8 --
166,1 152:6 102t~ 1~.5 i3.~8

AVrRAGr \iATER cnnr , riT'- RA51~' ti 't~:~t~-"

------- . T HE ' S TA N O!, Ro o E v tA TI n}-l I S' o .? <]-

i~[ CnEFfICIENT OF-VARIAT~ON IS~ 2.is
.-

_____ A, B~ _ c o E

49.0
46,6

-49;0---
49.1
50.2

151.3' l~O:l 91.1 11.2 12.'9
170.3 -157.2 108,6 13.1 i2.~6--153f 4----142 ~1----'-- 93 ,'1----1' ~3-"---' 2,',4-
149 , 4 :13 (3; 4 . 89 o 3 1 f • o J 2 • 32
173.~ 159.7 109.513.1 ,2.S1,---------

. . ". ~
THE STANDARO DEvIATION IS I 0.17

THE Cnt r r r CI e:NTO r- "li R I AT J o~rI s','- r;-li2-

(XTRAÇTION AT 7.~~ AT~.,
B r-'

47,7 162.7--48,7 -'- 156.7 ,--,--
50,'5 164.8.
3Y.t 1~6.4

-46.Ç-· 173,6 -

150:5 102.8 I?? ;t.AT
147 ; 2 -. -, 98. 5---- 11 • 5 ----'-,. t • (,6
152~7 102.2 1,.i tttA4
135.0 95.9 ~1t4 11,A9
16o: 5 ---111 •9--'13 ~1 ti; 11

.AvrRAGr HATER CONT. WT. RA~I~ a ti:8~1---------------------
, ;

THE STANOARD OEvIATlnN I~I 6.ic---------~------,--- . - ,-

," iHE CnErfICIENT OF ~ARIATION lSI O.A~
..• ...._---- --,------
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EXTRACTION·AT 15.ÕÕ AT)(,

A B c o E f

-1l8·;-0-·---1'57. 3--'--146: 2---90~·2.~-T!-;-·t ,'-1-~30-
49,0' 157,4 1l\6~7. 97.7 10'? ,0.95
50,6 160.4 i49.2 98.6 11.~ 11.10

-46,5---- 173.5---16():a----114.3----1?a7-----·'l,11-
4tltT 169.8 157:3 . 108·.6 1'.5 il.51

. ","lHE CnEFfICIENT Df V~RIATION lSI 1.94
' .

•-50 11-'T YPE,,' CLAy.-·o T STUR SEO--SAHP[E

EXTRACTIONAT· o.i~ AT~:--- ------------- --.-=------~---,--------:---
A B c o E f

~1f;-5
49.3
50.6

--4 ti , 1---
49,S

f6'C;4----13 0;'2 81-;7 :f,', 2 ~Ó~,-9-
164.5 132.2 82.9 3'.3 ~8.96
163.7 132:0 8t.4 3i" ~8.94
169. ~ 135~5----.87 .'4---'-3 ~f'9---~~6 .79"
162.7 131:181,6 31.6 ~a.7J

T H E . S T A N D :.' R D - D E V I A t I nN "-1 S -- i -- ô-~-3 1-

THE CnErrICl~NT Df VARIATtON lsi 0.81----~---------

-EXTnAcTION-·AT--Õ-;33-AT·,;t:----------------.:.....

____ A B C o E F

49.5 1~9.7 125:7
4b.3 . 153.3 128,5

- 4 'I t i ----- 1 4 3 • 1 -. -. - 1 2 O • 6
4tl.7 150.0 125;7
50.5 155.2 130.3--- _ ... --- ---

20.0 '11.50
24.8 ~O.92
2'. 5'--- ~1 i 47
211.3 11.56
21l.9 :ll.?O---'- ._------_ ..-.... --_ .._-.~ .. -._ .. _-_ .._-

76.2
80.2

'-.-- 11 t 5.----.
77.0
79 dI
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lHE SfANDARO OEvIATlnN I5 1 0.?7
.- T H E--C n rr r I c IE N T - or V A R 11, T r o N-. I SI- 0-; 8 5--

A B.------C o· r-
50.0 141,8 .121;471.4 2n.~ ?3.~7

--49 , 6---- -146 • 2 12l) • 4 74,"(3----··2 i ,8 -. ,9 • '1 q-

3b.4 140.6 111:4 79.0 21.2 ,9.37
47.1 140.2 118;3 71.2 2119 ~O.76

--49'1--- 154.3._.--,130.5-·-- 81;q--, - 2~~A---"9 .?4-'

A~fRAGr HATER CONTe ~T. ~A$I~ ~ 2Q~4~1------------------
. .

_______ -'-- TJj~_~,TA}!J2ARº_.~~y.JA'!'IÇl~~~i Õ .81

T~E CnEFrlCIENT Or VARIATION Isi 2,75

EXTRACTION AT - ,
O.õt) ATJ.t.--------~-------------

A B c " o' E f

4C,4 159-;-3
47,1165.0
49,2 155t6

-'-li b ~6----156 •5 .---.,
50.5 154.2

13'4; ~ {fa-;-l 2'4--;-8 '~f-;t'5-
139,0 ~1.9 26.~ '8,,9
131.7 82.5 2~.9 ,0.97
132;5-----·83,'1·--, ~·2á.Õ·--- ,0.,;1
13[.380,8 2,.9 ,8,34

, ,THE CnEfrICIENT DF VARIATION 151 1.14----~----------

A B --------,-~----------------c "

O r
36,4
47 e1

-'47,7
li SI e1
50.0

150,5
159.1.
162.5
150,7
151.0

•121:1
135.5
138~4
129,1
129.5

'r'

68.7 2~."
88,(1 2J.6
90,7 2~.,
80.0 21,6
79.5. 2t,5

.. _--"----- _._.- -_ ..._.

,6.S8
',6.70

"6,S7
?7,r,O
')7'Õ4

i
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lHE STAHOARO OEvIA7InN IS t 0.'0.
-T HE --CnE ;- F I C I E ti T -OF V!. R I A T I ON I S i--1-~ Õ 6--

EXTRACTION AT t.~~ AT~:
A B -c o E r--

---------------------------------- - - -----------
THE STANDARO -OEvll\7ION IS I 0.37

THt CnEfFICIENT ar VARIATION Isi lt5~

EXTRACT10N AT 3.6~ AT~:--~-----------------
A B c o E ~

---4-9-;3 f50-~-O
49.1 144.1
4CJ.l 153.2

--- 5U'2----- 132~1---
4b.2 141.2

f33: 2 03-;-9 f~. 6 ?Ó-~ n2-
128.1 79.0 16.0 ?0.,5
135:2 - 86,'1 lA.Ó ?0.91
118: ó' ---- 67~8-----1 4 ~1----? o • n I) -

125:2 77.0 l~.Õ ?0.78

THE-STANOARD OEvIATlnNIS-f-~;j9-
THE cnEFfICIENT or VARliTION Is~ 1.09-------------------

, _ •. . ,- ,
• t

,
~·.ot·.•.t .

. ' •.j' -.
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B c-- o E r--------------------,

49.3 154.~ 137;7 88.4 1~t6 ~8.r8
49.1 14ü.Q 132.5 83.4 1~.9 ,9'06

-50 t 6----'-'1117 t 1----- -131 : 2 '-------'0 o t 6------1 ~. Q -----', ') .73 --,-
41),5 145,8 130:2 80.7 1~.6 '1')t~3
4b.3 138,6 124:3 76.0 lb.3 10.82

\ - - -AVFRAGF HATER CONT. hT. nA~I~ p 19~14J

THE STANDARD OEvIATlnN IS I Ó.19
------------T ~IE - CoE F'r I c I ENT-- or -v ARI A.TI oN--Y s', -- 2-;-Õ 6-

- ~[XTRAÇTION Ar 10,00 ATM.
O'

A 8 c o E r--
, .36e3 136,4 122.6 84,3 1~,8

--47'-1- --1 41 t 5-- =:-127 ~Õ 79-. 9----1 /l' 5---
47 ,7 142. 5 '127t 6 , 7<) • s 14 e ~
47.4 126.1 11~ t. 66.7 1?0

--49.'1 ' 133.2-----'120: 3-----11;2---1? 9-

'6.~7
t8;;-S-
,-8.65
,7.99

--',8;-12-

-------------- ------------ ,---,----------
THE STANOARO DEvIATIriN IS t O,'R7

THE CnErrICIENT ur VARIATION IS~ 4,86

•.. ..•EXTRACTION AT 15.00 ATM •
.._----- --,---, - '-------'---------------~-

,A B c o E r
-SO-;O----T4 9.6---135 ~2 85-;2- lll;-4

4b.8 141.6 128rt 79.3 13.~
50.2 145.8 13l,8 81.6 lA.O

--51.6---' 141.4-"---'128,2~----76.6 ----t3.~
49.0 142.6 129.3 79.5 1~,3

'6-;-90-t7.õ2
17.,,6

-- ---, 7 • ? 3-:-
'6.73

. '\

~----THE-STANDARO OEvIATInN -IS "I--Ó~?O-

lHE CnErrICIlHT ar VARIATION 1St l.,ti

--------~~ --~--'--------~,~---
"
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E r r r c T O r S A H P L E D 1ST U R R MI r. E O N

-----WA-T F" R --n E T n~S IO N - 1 N --T H R E [--sn I t s

-RESEARCH - DATA -AI1A(-"SlS

L[GEHD IHfORHATIONi
----- --- ----- A s CAN--fjEIGHr-eGRMfS-)

B ~ WEIGHT OF ~ET s011 + r.AN (r.RAHS)
C ~ HEIGHT OF ORY SOIL • rAN (~RAMS)
O ;: ~ E I G H T O F c R Y 5 O I I ( G R A t~S)' '.- ..- ---
E u WEIGHT OF ~ATER (~~AMS) _
r :r W,\ i E R C o tI T t:: N T o N \li E J G H r 8 A s IS (%)-------------------------

SOIL TYPEa sILT CLAY lOAM, DIST, 5AHPlE
E X T R A C T !o N -- A T --- à ~ iõ-fi. Tt~ •

A B .c E F

49.5 165.0 135:0 85.~ j~.~ 1S.Ó9
~6.3 t6~,3 13q.1 85.8 3õ,~ ~5t?0

-q<;-'I----t 7'1. 5-------_-139: 3----90~ 2----3'. ~--- ~5~-70
5 o • 7 1 Ô 5 , 2 t 3 5 ~~ 8 4-. 7 29 • 8 15. 18
49.6 166.0 135:7' 86.1 3n.3 15.19--- --------------- ----------

-- AVfRAGF HATER CONT. WT. RA~I~ E 3~.27~
.~ .

THE 5T~~DARD DEvIATlnN 15 I O.~4
. . . .

t.~E---C nE rFI c I E N T--0F:- \tA R I i~T 1 o N- I S-Z-- O-;-f,9-

-EXTRÁCTloN AT 0.33 AT~.
A B - c o E r'

46.7 141.8 122:1 74,0 lQ.; ;S.Al
--4b.6 ---- 137.2 -------11 Y~2- -7O. q 1A~ n ------'5.57-

46.5 139.~ 120.8 74.3 19.0 ~5.~7
4b,3 153,3 132~O 83.7 2;.3 ,S.A5.---47.2 ----··134,'0 -----116: 5.·------ 69.3 -----,- t 1.5 ----------?5.~5-

AvrRAGr WATER_CONT. ~T, RA~I~ ~ 2~.5~l

- -lHE STANDflRO OEvIATlnN IS_" 0.,0--- - . -- - - - - - -- --------- -- ------

lHE CI1e:rrICn:NLOF" VAHIATrON 1S1 O.AO
, r~...•..'--~-_.
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l X T R " C T I or~ A T
.

O. '; O A T M. ---~_ .._--

A B c o E r

50.4
39cl

--4 6t 4----,.
. 4C>,4

11J5.2
126.5
128.2
130.3

126:6 76.2 lR.6 ?4.~1
110'4 71.3 1~.' ?2.~d·
113: 0----- -66.6 -.--- -11).? - -----?2. B 2-
115.2 _ 68tH lC;ej ,1,95

---THE -5T At,DA R o -OE VI AT'! nN -'IS---'-'--0-;95-

THE COEFfICIENT DF VARIATJON Isi 4.i7----------------------

-. -rX1RACT1ON Ar-' O;·~6-A1H. o'

A B C o E

122;2 -49.1 137,'6 73.1 15.4
49,1 136t6 - 121. 3 72.2 tC;.3

--4 9.2--'----- 12 7 • 4-'----- -,11 3 : 4 . 64 -;2 11l~Õ·
39.2 121.6 107;1 67,9 lb.5
37,3' 115t8 102.0 44,7 13.8-- ..•... ---- --- -

f

?1.07
'1"; ')

---, 1-;-rd-
'1.35
?1.33----------

THE STANDARD DEvIATlnN 15 O~,6
Ti~r C n E F'F'I C I E NT - o F'- VA R I AT I o»: I S :1~-1~11-

.[XTRACTION AT O,R'- ArM.
--./1, B c o f

47,5 127,2 114:Ó 66.5 l~.? ;9.A5
--46,·2------131 ,5 - ----·117: 4-----·---71.2· 111.,----.; SI. RO-

46.1 128.2 114;6 66.5- 13.6 ,9.85
46.4 128.7 115.2 68.8 11.5 ,9.62

-4 C>.1-----· 130t 1------ t 16: 2'----.7 0.1-- --"13.9 ·-----......:-'9,83-

AVFRAGr WATER CONTa ~T. RA$I~ = iQ:791
- ,

lHE STANDARO OEvIArlnN 15- i ó,~o
THE cnEfrICItNT ar VlRIATION 152 0.49

._._~_._-_._---- _.-, ..... _-.--_ ...._---------_._----
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[XTRACTIO~ AT 1.~o Ar":---------------_. ------------- ---------------

A B c o [ -

-q1-'7-------i 3(~-6~-----119;-4
47f5 - 133.3 120.5
46.4 134.3 121~3

----=-46.5------138,3 --------125:2 ---
46,6 129,6 117:6-

71~T f? -;~_..c: -, 7~-n2- -
_7J.O 1,.8 ~7.sJ
74.9 13.Ô ,7.36

.0.. _. _: . ...•. .. __ .. "..... .
---76-.-7----13. , -------~, 7.08-

69.0 1?Õ t7.39
. .

Av f R IÚ; r--wAT E-R--c 9 ~4r;-~'f,-R-A-$ I ~--=-ti:- 2 Ãl-

lHE -STANo"ARO--bE\iIAT-I nN-t Sl-O~~-2-

THE CnEf'F"ICIENT or 'VARIATtON 1St t.,7--------------'--------

•
A B c o E r _

,-

51 .2 125 t 2 11.5; 5 64.3 9.7 "5 t Ô 9
49.1 123,6 _114.0 64,9 9.6 ,-4579

--46.6----130.2 -------119: 5---10.9---tõ-. 7---' 5,-ô')-
50.5 132.4 122~Ó 71,5 10.4 i4,~5
49.2 130.0 119:3 70.1 tÔ.7 ,5.,6

T HE S T A ti [) A R o oE v I A T I n f~ I S I O,? 9
- .

Tl.E-c nE F'F I C I EN T -or--VA R IA T r o~rl s--.-r;91--

EXTRACTION AT ..
5.00 AT •.••

A c o - c-
49,2 134,2 124:2 75.0 ln.Õ ;3.33

-51.2-------136, 3 126,4 -----75.2---9,9----' 3~16-
49.-t 231.0- 121,3 72.2 ?7 ,3.hJ
50.2 136.6. 126.~ T6.2 I".? t3.3~

---4lSi2--, -- 132.5------ 122: 5-----74.3---1 Ô. Õ------, 3.46-

AVfRAGF WATER CONT •. HT. pA~I~ z il.3~Z
- .

THE STANOARO OEvIATlnN r s i 0.;2
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Tul CnEffICIENTOF VAnIATrOrJ t s r O.E~d

-----------------------
'..EXTRACTION Ar 10.00 ATH.-- --_._- ,.. -_ ... -- ... __ ..- .._---- .----------

A D . c o E r
--48~-'3

SO.2
.48,2-50.7 '-"-.-
49.6

12f~5 ·----11"3>~-·-·--65;'1
129.3 120:5 70~3
128.0 119:0 70.8
129 • ~ 121 ; 3 .-- -". 7o • 6
128.1 119.4 69.8

._--._--, ... _. ,,-
8-' ,2.1I~
8.R
9.0

... ---_._--8.6
8.7

',2.52
1.2.71
,"2 • f ti -.
"2.L16

= ~A vr RA Gr '-WA T E R"co Nr.: wr;-'R As I ~~:;~1"~-;4i,r

THE--STANDARO-'DEv I Ar I ow- rS""'-j"-O-;;9-

T Ht C n E r r I c t t tfr o f·. V A R I A T T o N 1 s'i I • .ti 3--------------

·--EXTRAC Tlm(A T-':i 5'. nÕ.·-ATM:

A B c o E f
-48.6 119.6 112;3 63.7 7.~ ;t.A6

49.0 118.3 111.2 62.2 .7., 'leAl
--48; 3_.- ...117,1 ----.--11O~0--. -. '61. 1'----7 ~·,···-'---·11.51-

4b.7 117.0 110:0 61,3 7.~ . it.4~
4&.8 115.0 108:2 59,4 6.~ ~1.45._-_.__ .-

THE STANDARO OEvIATlnN 15 '; O.Ô4

THE-CoE r r I C I E NT-Or"'VA R I A TI ON--I s'i'-Ó~~3-

SOl L T Y P E I CL A Y L n A H • o t S T U R e E o S A ~IP L r
- L'XTRACT I ON '-A r'c ~':1õ-A TH.·

A B

50,2 152.6
50.2 151.6

- 4b, 2. 150.5
51,5 161.5
50.0 151.3

r
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THE STANDARO DEvIATlnN IS r 0,30
'--lHE' cnEFFICIEtn -ar -VARIATIONIS1'--t~õ8-

.
E X T R A cor I o N A TO. l3 A T':' ~

-' o E f

48.1 134,7 110;6 70.5 l~.i ?2.flq
--51-'- 5----- 146• J -----1 2CJ • (-~-7 7~6- 17 ;? ----,- ?2; 16-~-

49.0 142.6 125:1 ° 76.1 17.5 ?3,ôO
4H.4 145,1 127~1 78.7 lA.Õ ?2.àlo

-q9'2 142.'1----125:2 t6-~O----11 ~,---------?2 .63-
AvrRAGr WAT~R eONT t. yn, RA~I~ lC 2?~ ~Õ~----------------. ------------------------ ---- ----------- ------ --- ---------------

THE STANDARO DEvIATlnN 15 I 0.33~----------------
lHE cnEffICIENT ar VARIATION Isi t.a4

(XTnACTloN AT
A B c o E r

~9-;2- 1'40-;T--,---123; 1 8-3-;9 17-;Õ-~---?Ô-;?-6--
36.6 140.4 123tl 84.5 1~.3 ?6.a1_
38.4 142.8 125.2 66.8 17.6 ?0.?8

--4 9-~"t----142~2 -----126:3-c------7 7~2---_o ---1 ti, 9--- -,o , -60-
49.2 149.0 131:6 82~4 11.4 21.i2

----------Av-fRAGr-- riATER-CCNT-,WT-.-AA~I ~-=--2Õ:5~-~-

--iHÊ---S-T~üi6AR-c--uEv-IÁ-r- I"ij--Nfs--s-õ-;:fs-

THE cnErFICIENT or VARIATJON 151 1.70
__ ~ - __ ------ 0 _

.L ~~



E x T R A C T I O.N ti TO, s O A TH~

. A B C O E r--------- -- --------_. ------,----' -----
46,5 137.6 123;1 74,6 14.5 '9~44
49.0 15Q,3 137.3 a6~3 17.0' ,9,,5.

--·48,2-·------154. Q·-------137~3------89 ~f-' --"-17'1 o, 9 ~t 9-
4b.5 139.2 12q:5 76.0 14.7 ~9.34
4U.6 ~.~J.•~ t~.~~4'" 85.8 _~~.-,J3 ~_~.!_~_a_

AvrnAGF HATER CUNT. hT. RA5I~ 3 19.36~

. • o-

THE sTAhDARD OEvIAT!nN IS I 0.15

THE-cnE r F te 1 E N T- o (--v'AR I A T Iu~j-lS:-r -O~-7 9--

EXTRACTION At O.6~ AT~. •
A B c o E f -

39.2 138.7 123"4 eQ.2 1~.3 ia.i7
--49 '·1----14 3. /.-------:-129!Ó '--'---79 o 9 llJ.·, 7----;' a.-iio-

49.2· 140.0 125~6 76.4 14.4 ia.aS
46,7 142.5 128:~ 19.3 14~~ ie.,8

-'-5-\j-;4 --'--'149.o-.------133:7---83.-3---1 fi. 3 -i 8;37-

AvrRAGr HATER CONT. WT. RA5I5 = tA:4i3-----_._--_ ..... - ... _. -_ .._--_._-~_._------_._._-_._---_._ .._--

. .
_____________ lHE __ST.At1.0A~D_.OEv.I ATI MLJ S_I __O. ?6_

. .tH[ CnEffleIlNT af VARIATION lSJ 1,~O

[XTRACTION AT O.A? AT~:---_. __ ._._--_ .. _---_ .._-----_ .._--------- ----------:------:-----'-
t B c o· E ·r

--1l8.-5-----14 5-~3' ---"130: 7-----82 ~-2 r~-~6 11~-7Q-
49.0 143.5 129;6 60.6 1],9 i7"S
49.~ 144,2· 130.2 81.2 tatO i7.,q

--48.2 -- __o 146~2 --- .--131: 7-'--- 83 .5"-----111 ~5 --------.-7.37-
. 46.6 156•.0 140:491.6 1~.6 '6.99

..- -- -- .-- - A vr R A Gr w A T E R C o N T .' "T i- R A 5 I ~ = '1 7 ~ 3 2 ~-

: ~ -.----------. THE sTANOARD DEvIATlnN 15:: 0.'0---

THE CnEffICI~~T ar VARIATJO~ lSI 1.~2
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A r--
50.4 139.3 12/;1 76.7 I'.? i5.ql
3Y.l 132.3 - 119.6 80.S 1,,7 ~5.~8

--4 <J ~ 0------- 1t'l64 o -- --- 132: 2 ------- 83.2 ------11 ~8-- -------'6. r;; g----
46.2 -144.2 130:2 82.0 lG.~ ,7.~7-
49.1 140.5127:5 78.Q 13.~ ~6.~ti

--

--- --~-------~-B c o E

lHE STANOARO OEvIA~IhN 15 I Ó.~4
n~E --CnE:rr I c I ENT-O r--YA RI A TI ON--I 5-.--")";-,8--

EXTRACTION AT 3.~~ AT~~ .-
A 8 o E F

li6 • 2 133 • ti - 123 ; 5 75 .3 Q • 9j 3 ~_,5__
--50; 6-140. b----130. 2---79; 6---i Õ. 6 ,3.32

4 9 t 5 14 3 t 1 1-31 ~7 8 2 .2 1i.~ ;3 • Ar
46.3 135.1 _ 125:6 76.7 10.1 ~3.~7

-:-49 '-f--- - --134.2-------- 124: 2- 75~1-'---1õ~õ------, 3~~2--

THE STAN~ARO UEvIATlnn 15 • o.,~--
lHE CnErrICIENT or VARIATION ls~ 2.,0

EXTRACTION AT 5.~~ ATM~
B c o E r

46.5 131.2 -
--49.3'---- --136.5 --

!>O.6 130.2
4~t5 134.1

--46 i3----- 129.5

122-3 73~8 R.9 12.n6
-- ---127 ~3 ------7e. o-----ç. ~----- í 1 ~79-

126;5 77.9 - 9.7 12.~5
125.0 75.5 9.1 12.05
12Q ~7------ 72.4 ------ A iB -----~·-t2.,5--

AvrRAGr HAT[R co~i. ~T. nA~I~ u i~.l~~

•
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\

lHE ~TANDARD OEvIATInN 15 I O,?4
THE cnErfICIENl Df VARIATIO~ IS~ 1.Q5

[XTnACTloN . . ..Ar tO.no ATH •.-------- -_ .._._- - - ---- --

A 8 C D E r
-51-;5 138~o ----1 29 ;1 77~6 ;'f-;~7-A.9

5&Jt o 134.5 126: 1 76.1 1\.4 1t.õ4
4H.1 148.1 138.1 89.Q 1,li n ;1.,9

. 50-;-4 146.7 ----13 7;1 86-;7 -, -- -,'1; ô7- .9.6
37.3 126,7 117.6 80. J. 9. t '11.33

A-v-r'R A-Gr---HÃ TE R--to N "-ht;-riA~ I ~--:: -fi-'--~2-?-~-
••

THC--ST AN DARO~OEv I ATI ntr 15 -l-ô--;ta-
THE CnEFFICIENTOF VARIATION I5~ 1.61----------------~--~--~

EXT'RA CT I ON-- A T-15 ;nõ--AT'':'~
A B c o E r

49.1 132.2 124~~'74.~ A.? iO.95
48.6 141.4. 132.3~3.7 Q.t '0.87

--50; 6---· --136.1---------'121:8------7 7 ~2----A; 3-----,-~,'0.75--
31.4 123,5 115~2' 77.d A.3 ,o.67
49.6 136.H 12H:2 16.6 g.6~O.~Q

lHE STANOARO OEvIATlnN IS r O,!2
lHE "cnrrr rc U ..t-lT "Or-VAR IA TI ON-TSt---r;S-3-

.,


