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INTRODUCTION

Most soil moisture retention measurements are made
with air-dried sieved soil because of convenience and
upiformity of samples.‘ Howevef, the amount of water
_refained by sieved soil may differ markedly from that
"retained by undisturbed soil cores or soil in the‘field.
While this is well recognized, it often is iénored and
can lead to serious misinterpretation. A gdod example is
the use of water retention of siéved sampleg at -0.33 atm
soil water matric potgntiél as aﬁ'éstimate of field
capacity. Thisvprocedure‘is on a reasonabie basis since
it was established'by.correlation with the moisture
eguivalent, another laboratbry estimate. However, because
of its use, tHere is wide-spread association of -0.33 atm
matric potential with field capacity in field soils,.
while the actual values generall& are appreciabl§’higher.
(Richards and lMarsh, 1961).

The complete 'soil water retention curve is valuable
in assessing a number of watererelated soil characteris-
tics as well as availability of water to plants and
water transpor®t in the soil-plant system. However,
~inaccurate curves destroy the value of such assessments
and may cause them to be erroneous.

Several viorkers have comparéd water fetention by
‘sieved and core samples. However, only a few have *

presented the complete curves, and more cata are needed,



especially for irrigated soils.. Furfhermore, many
‘previous studies wére conducted onusamples from the plow
later whére "undisturbed" soil-is the result of the |
recent history wifh respect to tillagé and other forces
tending to alter porosity and pore size distribution.

| The objective of the présent étudy was to determine
if water retention throughout the range of available
water, measured on disturbed soils; was representative
_pf the same parameters in uwndisturbed soi;s. Three
~‘soils at the University-of California at Davis were

' selected, ranging in texture from fine to medium. -



LITERATURE REVIEW

Aiong with their development of the apparatﬁs
and precedurés for studying water retention by soils,
Richards and Fireman (1943) determined effects of
" various forms of sample treatment. tThey showed that
vater retention by cores of Fallbroék ioam diffefed
from that of sieved samples in the'O to -1 atm range.
of matric potential. Oven-dried and air-dried cores
produced identical water retention_curves.

Eirick and Tanner (1955) comggred‘wate; retention
curves for sieved and core samples with eight Wisconsin;
U.S.A., soils. They éoncluded fhat water retention was
greater in sieved sambles from 0 to -0.4 atm, that
between -0.4 and -1.0 there was no general relaticn-
ship between retention by sie%ed samples and by cores,
and that sieving decreased refention'aboutlo% below
-1 atm. They recommended using core camples for deter-
minations within the range of 0 to -1 atm.

Perrier and Evans (1961) and'Werenfelsl developed
- water retention curves in the field by taking samples
for sdil water content adjécent to tensiometer cups
with simultanéous tensiometer readings. Perrier‘and
'Evans also compared these curves with core and sieved
lyerenfels, Lucas, 1953. Range of soil moisture

coveraze by tensiomezers in the field. Irrigation

and Drainaze Letter, #21, University of California
Agricultural Extension Service liemo. 5 e



sample watér retention in the Iaborafory with the range
of 0 to -1 atm. The Tield procedure with tensiometers
produced great variation, and they fitted linear curves
to the légarithm of matric poténtial vs. soil water
content. ‘In the laboratory, core retention curves were
much closér to the field curves than to those of sieved
éamples for three of the four Soilé studied. (Werenfels'
conclusions will be cited'latef).

Use of sieved samplesvfor water retention in tﬁe
wetter ranges can lead to absurdities, as ﬁointed out
by Young and Dixon (1965). They showed that apparent
water retention bén'exceed'total'poroéity. Some of
the data of Jamison aﬁd Kroth (1952) also show the
same impossibility although this fact is not indicated
by the authors. | _ |

. Childs (1940) poinfed out the close relation
.betwéen.water retertion and pore size distribution
and proposed ﬁéing changes in water retention curves in
 5011s after cyclic drylng and wetting as a measure of
. structural stablllty. Bruce (1972) was concerned with
water content-matric potential-hydraulic conductivity:
rélafions. He found that in the Ap horizon of Cecil
loamy coarse sand there was little dlfference in water
retentlon by sieved and core samples but that in the Bj
horizon (clay loam texture) cores reualned marxedly_less

water to -2 atm, the lowest potential testzd. Shaykewich



(1970) also was concerned with hydraulic conductivity
and presents complete curves of_conductivity vs. matric
potential, but provides water retention data at -0.33
and -15 atm. At -0.33 atm four out of seven sieved
samples retained sigﬁificantly‘more_water than cores;
in two there was no signifiéant difference; in onér'
sample cores retained significantly less. ‘At -15 atm
thére.was no significant difference in four of seven;
two cores retained less; and one core retained appre-
».ciabiy-more water. N
Soil water retention curves afe used to assess

- availability of water to plants. Hagan (1955) sug-
gested the fracticn.of available water held at Tow soil
water tension as an important criterion. Salter and
Williams (1965} were concerned about the shapes of water
retention curves relative to crop responses to irrigation’
regimes, but gave no specific basis for their use. Théy
?rovide complete curves for five soils, with the

gfeateé% differencé in water retention between core and
sieved samples in a clay soil. Riéhards and Marsh (1943)
preéent several curves for differént soils where the per-
cent available water depleted is plotted against matric
pofential. No data points are shown and the samplé_
treatment was not described, so it can be assumed that

| the curves were for sieved samples. They emphasize the

~different shapes of curves of soils of different . -



textures. These curves were reproduced and used by
Haise et.al. (1967) and Taylor (1965) in interpretation
6f watér availability'to plants even though the curve
shapes probably are incorrect and therefore misleading.

Unger (1975) compares water retention by cores and
, Sieved samples only at -0.33 atm and ?15 atm. Eécept
for the coarsest soils, retention at ~O.33'atm was
'greafer in sieved samples. At —15katm agreement was
'cléser. Unger used his data to estimate available
" water storage capacities of soilSGincorrectiy comparing
the difference in water retention betwéén -0.33 atm and
-15 atm with cores and sieved samples. h |

Werenfels (1963)‘estimated thé‘peroent available
water remaining at the upper.limit of tensiometer
functioning (about -0.75 atm) from fiéld tensiometer
Ameasureménts and #1014 and iaboratory'estimatés of -
upper and lower limits of available water. He found
values of avaiiable yater for different soils and soil
dépths“from 3L fo 86% with no apparént relation to
texture since the 34% was in a dlay soil and the 86%
in a clay loam. '

| Jémison and Kroth (1958) estimated the percent

‘available water remaining at -1.0 atm in “he laborétory
for undisturbed silt loam at different depths ranging
fronm 32 to 88%. | |

LA |

No data were located comparing variability in



replicate core samples with that frbﬁ sieved subsamples.
Theoretically, with the great effeét of macrostructure

ofl. WEbET TEterLon A high matric potentials, wvariability
of core samples cbuld be very large. 'Thus some infor-
mation on this point will be‘valuable.

. To summarize, core sampies generally retain less
water than sieved samples at high matric potentials..
Although there were exceptions repérted, at -15 atm the
differences were less, but often significant, with a
~ tendency to have less vater retairfed in sieved than core
samples. No reason for this phenomenoh is apparent. Iﬁ~
several papers, fhetvalues appear inconsistenf. The
exceptions to generalhrelationships and the inconsis-

. tencies point to the need for additional data, taken with

special care to eliminate questions in interpretation.
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MATERIALS AND ’”“""{ODS

Soil samples of different textures were obtained

from three different fleld sites at the Unlver51ty of

;California, Davis. The two coarser 50115 are of the

Yolo series; the clay is mapped as Capay. All samples
were ob alned from cultivated cropland, free of vege-

tation. Each sampling site contained an area of on2’

(3m X 3m). To obtain sampleé relatively unaffected by

tillage the upper 30cm layer was removed. The soil

: Sy : .
beneath was. irrigated, covered with polyethylene film -
to minimize evaporation, and allowed to drain for

o0

‘several days before the initial sampling. This

procedure provided and maintained favorable soil water
content and physical conditions for',o‘m':ai‘n:'mrr core
samples. Undisturbed soil vas samp7ed Wluh a hammer-

driven 3011 core sampler 31mllar to that descrlbed in

"U.S. Deparimont of Ag rlculture Handboo 60 (195&) and

is shovn in Figure 1. 1In ordlnary usage the core

‘sampling apparatus has a removable inner cylinder or

‘liner to retain the soil core. As the sampler is driven

into the soil, the core is forced into the retainer
cylinder. The retainer cylinder'énd core can then be
reﬁoved from the sampler. FPor the present study where
core samples of small heizht or thickness were essential,
the 7.5 cm high retainer cylinder was replaced wi- h five

transparent plastic rings of the same diameter and wall

3
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Figure 1: From left to righf-the display shows:

the ring, core retainer cylinder,
‘sampler and the hammer.



thickness as the orizinal retainer cylinder. Each

plastic ring was 1.5 cm high and 7+5 cm in diameter,

The sampler containing the soil wds carefully excavated.’

The core_wds removed from the sampler and the excess soil
was shaved from the upper and lower core surfaces. The
samples contained in the piastic pylinders were carefully
exanined to determine whether any visible disturbance

had occurred during the sampling procedure. They were
then transferred to the laboratory in boxes. The full
‘core was sliced. into five ségments,by the following
procedure: in the laboratory, the cores were mounted
horizontally and'glamped_between two pieces of wood in

a vise or clamp with %he base supported (see Figure 2).
The core was cut into segments by fdrcing‘a'§ery finé
“wire slowly pefpendicularly between the plastic fings
(Figure 3). A visﬁal check again»was made and those
vcore samples that showed signs of disturbance were.
discarded.

Since the sliced.core segmenté in theif plastic
rings werelplaced directly on the porous plates of the
pressure apparatus, low sample height was esséntial for
reasonably short equilibration times, especially at
low.mafric potentiais wvhere hydraulic conductivity 1is
ektremely low. On the other hand, since slicing alters
the natural pore configuration for somé distance from

core surfaces into the interior of the sample, even with

10



vise for slicing -

Figure 3: Slicing the core with a fine wire

U



great care in slicing, reliable resulis require a
ninimum thickness of the sample. As a preliminary
compromise, 1.5 cm height ﬁas selectéd. One of the
objectiveS‘of this study was to observe equilibration
times at that sample height as a measure of its
suitability.
| Disturbed sazmples were obtained with & shovel from
the same depth as the cores within the 9m? sampling sites.
'A lafge bulk sample was taken, air dried, and ground
.with mortar and pestle to-pass a 2, mm round-hole
screen. Grinding was moderate to fetain somé particles
just less than 2 mm diameter. The bulk samplé vas |
thoroughly mixed ana éubsampled as needed. Disﬁurbed'
soll samples were placed on the pQroﬁs plates by pouring
ah excess into plastic rings of the same dimensions as'
these holding the core segments and removing the excess
with a spatula.

One low—fange (-0.1 to 1.0 atm matric potential)
and one high range (to -15 atm) pressure cell, each
equipped with three porous plates, were used to measure
watéf retention. Both cells were'pressurized with
bottled compressed air.controlled by commercial pressure
regulators. |
‘ At each matric potential, five replicate samples
were used. All samples were placed on the plate at

2

randon positions within plates and amonz the three-platecs



and were al;owed to stand'at ieast 24 hours with an
exgeés of water on the plate sﬁrche to assure saturation.
The alr pressure was édjusted to a predetermined value
and held until equilibrium was.reached. In all cases,
equilibrium at the imposed pressure was declared whén
no outflow from the plate outiets was measured over a
12-hour period. The samples were transferred quickly

to moisture boxes, weighed and then placed in a drying
oven at 1050 C. where the samples_remained at least

_72 hours until they réached a copftant weight. ioisfure
content on a percent, dry weight basis was then deter-
mined. Following the same prodedure, new samples were
used for each water reétention value.

To provide a measure of the difference in bulk
dénsity and total porosity between core and sieved
samples these values were calculated from the mass of
dfy soil in the ring used in water retention studies and
the volume of the ring, and én assumed particle denéity
of 2.65. The volume of sieved‘saﬁples is that of the
dry soil as placed in the rings while tﬁat §f the core
samples is more realistic since it is the volume at
field water content. To characterize the soils studied,
particle size disitribution wasAestimated by a modifi-
cation of the hydrometer method. ;The procedure has been
described in detail elsewhere (Day, 1956). Summation

percentazes versus particle diameter were plotted,. based



on seven hydrometer readings at 30 seconds, 1, 3,
10, 30, and 90 minutes and at 12 hours, respectively,

at 20° C.

14



RESULTS AND DISCUSSION

The particle size distribution and textural clas-
sification of thfee soills are presented in Figure L
and in Table 1. The two coarser soils had about the
same two-micron clay content {28~29%) but differed
.markedly in content of silt and fine sand, especially
fine sand, as well as coarse sand. The cléy'content~
of the finest soil was 54%, nearly double that of the
coarser soils. Thus the three soils studied vary
‘appreciably in particle size distribﬁt;on. ’

Gravimetric water content as a function of soil
water matric poténtial is shown for the three soils in
Figureé 5, 6, and.7. The sieved saﬁples retaihed
appreciably moxe water at high matric potentials
(-0.1 to -1 atm) than the cores in all three soils.
For example, comparison'betweeﬁ undisturbed and disturbed
samples at -0.33 atm shows that disturbed soils
1retained 5, 12, and 13% mdre water than ﬁndistufbed
soils f;r elay, éilty.clay loam énd‘élay loam, respec-
" tively. The two finer séils-tended to retain somewhat
less water in sieved samples than in core samples at
the lowest matric potentials, although the differences
generally were small.

The total péfosity of soil is the fradtion of the
s0il space not occupied by soil particlesl There are

two components of the total porosity in moist soils;
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Table 1 Soil clay, silt and sand content, undlsturbed bulk - density,
total po“os1ty, and texture

- Clay Silt Sand Bulk Densitfﬁ Total Porosity Texture

% % % B gm/cm3 Undist. Dist.

5.0 36,0  10.0 1.63 0.38 0,54 Clay

29.0 52,0  19.0 1,47 0.4k 0,57 Silty Clay Loam
28,0 38,0 3.0 - 1.38 0.48  G.60 Clay Loam

~3
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==~ Disturbed Clay Soil
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Figure 51
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Figure 6. Moisture retention curve for silty clay loam
 soil with disturbed and undisturbed structures.
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Figure 7: Moisture retention curve for clay loam soil
with disturbed and undisturbed structures.



E =€+6, where E is the tétal porosity (cm3/cm3), € is
the air porosity (cm3/cm3),'and ©.is the water content
(em3/cm3). The tbjal porosity.was_éstimated by using
the equaﬁion E=1- 4?5‘ where /OL is the bulk
'denSity (gm of dry soil/cm3 of bulk soil. The particle
density (gm of dry soil/cm3 of particles) was assumed to
be 2.65. Using these criteria, total pofosity was
determined for the three different soils with undis-
turbgd and éisturbed structuresvas they were placed on
the porbus plates in the pressure gells (Table 1).

‘The total porosities of the disturbed samples were 42,
30 and 25% greater than thoée of undisturbed samples

- for clay, silty clay lbam and clay loam, respectively,
indicating that the.change'in physical coﬁdifion of

the gamples caused by grinding was véry 1arge.

Drying and sieviﬁg of -the sampie by altering bulk
density. total porosity and the soii structure modi-
fied the moisfure characteristics §n all the soils
IVStudied, especially in the range above -1 afm matric
" potential, i.e., the range where mécro—structure had
the greatest iﬂfluenee on water retention pro?erties.
Pofe size distribution plays a very important’part in
vater retention and on the soil moisture characteristic
curve. The~pores‘vary in both size and shape. However,
assuming a spherical interfeace provideskone way to |

analyze the system, two ranges of water retention

21



should be éonsidered. One is that in which macro
structure has the‘greater influence, where water.is
largely held in the pores. The other, 6 is at loﬁ matric
potentiai where water Is held only 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 poft that
will remain fiiled with water at algiven tension (which
is referred to here as matric potegntial):

T Afég/ow"-'— Z (f/n. where T is the tension with |
respect to atmospheric (dynes/cﬁz). ¢ is the surface
tension coeffecient (?2.75 dynes/ﬁm) at 20° C., hy is
water height (cm), g is the acceleration of gravity’\
(981 dynes/gnm), /ow is the wélterbdénsity (1.00 gm/cm3)
and r is the diameter of pores (gm). This relationship
. assumes zero contact angle. As the matyic potential
decreases, thé moisture éontent progressively decreases
,as.a result of the sucqeésive emptying of pores of
" smaller and smaller radius. At -0.1 atm the calculated
pore radius is abouf 20 microns, while at -15 atm the
célculated radius decreases to a fraction of a micron
(about 0.2).

However, inlthe.dry range at iéw matric potential

the water retention can not be.explained only by

capillary forces. Adsorbtive forces acting between

-

o
N
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the so0il particle surface and water molecules are
responsible for holding the vater. The forces that act
-in the wet and dfy ranges.do not change suddenly from
capillary to adsorptive, and at intermediate moisture
both are operative. At high matric potentials, pore
‘size effects dominate with decreaéingbinfluence aé matric
potential decreases. At low water potentials, perhaps
in the vicinity of -15 atm, adsorption is the only
effective water retention mechanism, and soil grinding
which does not break up primary paﬁticles and creafe
new surface area should have 1little impact. |

The data in Figures 5, 6, and. 7 generally corres-
‘pond to predictioﬁs f?ﬁm the above analysis, since
sieved samples retained appréciably more water in the
wetter range because of creation of additional pore
space made up of 1argef pores. Retention:in sieved
samples tended to be a little less than in core samples
. at IOWer matric potentialé. If the difference is real,
there is no current explanation.

- The results agree generally;wifh data -of Richards
‘and Fireman (1943) for a loam soil and those of Elrich
and Tanner (1965) for soils ranging in texturé from
loamy sand to silty clay loam. Generally, core samples
should be used fér vater retention measurements at

‘matric potentials above -1 aim.
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The moisture release curv fis used in interpreting
or ‘asessing the availability of water to plants (see
"discussion by Satfer and Williqms;_i965). Hagan lists
the curve as one of several factors to consider in
judging required frequency of irrigation. He used
the fraction of total available water held at low Soil
water tension as a qualitative criterion. ﬁichards and
Marsh (1961) presented curves of percent available |
water depletion as a function of matric potential'and
"emphasized that. the curves differed for differrent
soilé. Such curves have been réproduced and used by
Taylor (1965) and by Haise and Hagan (1967) in inter-
preting plant responseé to irrigation despite the fact
' that they probably were from disturbed saﬁplés, making
shapes of the curves rather questionéble. The shapé
distortion is increased by plotting available water
depletion vs. the logarithm of matric potential,
expanding‘the low matric potential portion of the
curves where pore sizé'influenée ié greatesﬁ..

In expressing soil water as pércent available
~water, upper and iower limits must be adopted; While
the -15 atm value is generally accepted as the lower
limit,ithe -1/3 atm value of disturbed samples is used
fo estimate field capacity. In the field, matric
potentials following irrication and some period of . |

drainage usually are in the range between -0.1 and”



6.2 s, Hor this reseen curves for the three soils
_ studied analogous to those of Richards and Marsh are
presented in Figures 8, 9, and 10 to allow different
comparisons. Figure 8 shows water retention data for
sieved samples with -1/3 atm as- the upper limit; Figure
9 gives corresponding data for core’samples. Figure 10
shows available water retention of_core samples using
-0.1 atm as the upper limit of available water.. Probf
abiyAthe most valid comparison is ‘between the curveng
in Figure 8 and-in Figure 10; and- ¢hey differ-markediy.
To quantify Hagan's (1955) criterion of fraction
of available watér,at low tensions, percent of avaiiable
vater depietion at —0;75 atm or -1.0 atm was selected
( % available wafer depletion = 100 - availafie water
remaining). The -0.75 atm level is_fhe limit of
functionihg of most tensiometers, and\—l.O atm values
allow comparisons with some published data. . )
Judging from the curves in Figure 8 (sieved sampﬁes)
;available water deplefion at —O.?S.atm was 39, 37, and
 29% for the clay loam, silty clay Toam, and. the clay,
respectively. Corresponding values for cores.from
Figure 10 are 66, 60 and 47%, indicating that much more
watef is held in fhése soils at higher matric potentials
than would be interpreted from vater retention by sieved

samples; in fact, 34, 58 and 79% more, respectively.

.
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The shapes of the water‘reteﬁtion curves tend to
conform to those plotted form the data of Elrick and.
Tanner (1955), and all curves, including that for Capay
clay, conform mo%e closely to those of Richards and
Marsh for coarser soils, not to their "clay" curve.

One advantage of sieved samples is the ease of
.obtaining replicate measurements with a minimum of-
variability because the replicates are taken as
~subsamples from a well-mixed, homogéneous sample.

Such subsampling is obviously impossible with cores,
"and variabiliily is greafef. Tﬁe ﬁollowing sﬁatistical
comparison of coefficient of.variafion givén in Table
2 provides some idea of vhether sample variability is

a serious 1imitation in using cores."Comparing'the
coefficient of,variation of undisturbed and disturbed
soils at -0.33 atm shows that there was'l.l, 3.0, and
1.9 times more variabiiity in undisturbed replicétes'
for the clay, silty clay loam, and clay loam soils,

: respectively, and 1.9, 6.2, and 1.7 times greater
vafiabiiity at -iS atm. However, most values of

~ coefficient of variation ranged oetween 1 and_z% with
five replicates. Values of standard’deviation are given
in Appendix. Variability in core samples was therefore
not an important limitation to studying soil water
retention in soils with field siructure for.the soils

~studied.
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Dist.

Table 2: Coefficient of Variation From 0.10 to 15.0 atm for Three
' Soils with Undisturbed and Disturbed Structures. Each
value is for five subsamples.

Atmospheres | , . ' D

Soils ' b ‘ ' '
0.10 0.33 0.40 0.50 0.66 0.82 1.50 3.0 5.0 7.0 10.0 15.0
clay 0.93 0.93 ==-= 0,79 2.24 2,22 ---= 1.75 1,76 0.98 1.48 2,26

Silty Clay Loam 1.03 2.42 3.41 0.69 1.81 2.13 =-== 2.60 3.99 0.76 =-=-- 2,06
Clay Loam 2.27 2.78 2.27 0.91 1.30' 1.62 === 2,15 1,42 0.83 -=--11,9%
Clay  0.81.0.85 ~--- 2.75 1,14 1,06 1,55 1,89 2,06 ~--- 4,86 1.18
Silty Clay Loam 0.69 0.80 =-== 4,17 1,31 0.49 1.27 1.91 0.88 =--= 1.53 0.33

Clay Loam 1.08 1,44 1,70 0.79 1,40 1.62 ===~ 2,20 1.95 ---- 1.61 1.13

o€
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Correlations between uhdisturbed'and disturbed
soil water content on a weight ﬁasis at -0.33 atm and
-15.0 atm‘(equatiohs 1 and 2, Tgble:3, Figures 11 and
12) were éignificant at the 0.1% probability level.

‘The regreésion line slope for the relationship at
~0.33 atm (Figure 11) was markedly different from the
slope at -15.0 atm. At -0.33 atm, the slope was 1.109,

" showing a deviation from the 1:1 line. .Based on

Figure 11, for all three soils the-éieved sample con-

tained more water than undisturbed soils. According

to Figure 12, there was no real difference between core -

and sieved soil water_contents at -15 atm.

The small deviation of slope at -15 atm compared
to that at -0.33 atm confirms that the major effect
of sample disturbance on water retenfionbis in the range
where pore sizes effective in retaiﬁing water are most
likely to be changed. These resulfs.agree with those
of Richards and Fireman (1943), wh§ found little
effect of sample distﬁrbance for a loam soil below
© -1 atm.

With respéct to core sample variability,'every
precaution was taken to minimize differences. All -
sampieé were taken From within small areas (3m X 3m),
and very close together,just far enough apart to avoid
disturbance during the sampling opeyafion. It should

be emphasized that this work did not deal with soil -



Undisturbed-Disturbed Soil Water Content Relationship

Table 3t
‘ : | : Correlation Coefficient -
Equation Y Variable % X Variable % Regression . Yalue r Level of
Number Undist. Soil Dist. Soil Equation Signif. %
Water, atm Water, atm '
1 0.33 0.33 - ¥=1.109x-5.16  0.987 0.1
2 115.0 15.0 ¥Y=1,001x+0.84  0.972. 0.1
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Figure 11: Undisturbed versus disturbed soil
water content (weight basis at -0.33
atm matric potential)
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spatial variability, which is an important consideration
in some applications of soll water retention curves.

The core sampling proéedurevas described previously
is easy at 1éast at the shallow dpeths sampled. Obtain-
ing samples is not sefiously time consuming. A minimum
of 10 to 15% of all samples taken were discarded during
‘the whole procedure from field to the laboraﬁory.
Sampling difficulty is not a justification for using
disturbed samples if one wants to rely on real méasure—
ments for having an accurate predisﬁiop of soil water
matric potential from water content'iﬁ field soils, as
well as in estimating water availability to plants.

Using 1.5 cm samﬁle height, eQuilibration time

was not .excessive at high soil water matric potential.

~ -
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In the range from -0.1 atm matric potential, equilibratiocn

time varied from 3 to 5 days. At -10.0 to -15.0 atm
~‘matri.c potential equilibration time was 13 to 16 days,
which is 2 to 3 times that usually experienced with
1 cm height. | |

Since neither sampling difficﬁlty, sample varia-

bilify, nor eguilibration time afé major limitations in
using core samples, all water retnetion curves should
be obtained with cores, at least for matric potentials
abo&e -1 atm. Curves for disturbed samples differed
markedly from those obtained on undisturbedisamples4

and could lead to serious misinterpretation.
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This does not mean that the practice of using
watef retenfion by disturbed samples at -0.33 afm for
. éstimafing water content at field_capaciﬁy should be
discarded. 1Its use was establishéd.by correlation
with the moisture equivalent which had previously
been found to correlate well wﬁ%h field capacity
for medium- and fineétextﬁred soils. However, this
has led to the widely held misinterpretation that
field capacity is associated with -0.33 atm matric
.pbtential in the field, whefq it generally'is

. . .
" appreciably greater.
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"“’ 10 FORMAT(TIS»nFFFEQY UF SAMPLE DISTUREANCE GONoe//
§T16s"wATER RFTENSTION
~_lTo.“RESLARC» DATA ANALYSIS®/)

HRITE(S210)

COHRITE(Os1Y)
11 FURMAT(TGsMIFGEND INSURMATIONI™ W/
Can WETGHT (GRAMS)™/

1720,
’“"“—"—ITZO "
' szc,

1720, "

1720:"

‘TZOﬂ“

5 RhAD(SaIOQ)N

100

FORHAT(I!)
IF(N.EQeQ)CN TO 99
IF(N.EC-1)Gn TO 30
IF(NJEQ¢2)Gn YO a0
IF(N,EQ.3)Gn TO 50
IF(N.EQea)GN TU 60
CJF(NWEQ«BIGN TO 70
IF(H.EG«6)Gn TO 80
G0 Yo %9y - -
HRITE(6»200)
FORMKAT(Y SO1y TypE:
60 1O 20, )
KRITE(62300)
FURHAT("™ sC1y TYPE:
60 1o 20
HRITE(G62800)

70
_600

80
700
20

25

105

205

Om—— - S5 = =

210

1Ta3,"g"

—————

MTMMOoO O 2>

FURMAT(™ SO
60 1O 207

«

L1 B+ O+ I

WETGHhY OF wET SGIL 4+ AN (GRAMSYw,
WFTGHY OF DRY SOIL + GAN
HETGHT OF GRY SOIL
WETGHT OF WATER (GRAMS)®/

Lo

IN THREE Sclus'//7/s

(GRAKS )z
(GRANS)n/ ‘

WATER CONTENT ON WEIGHT RAgIg (2)n/)

CLAYsUNDISTURGFD SAKPLE"/)

SILT CLAY LOAHSUNDTIST. SAMpLE®/)

TYpEt

CLAY LOAM, UNDTSTURBED SAMPLEw/)

KRITE(6:500)

FURKAT(? 501y TypEy
A 50Ty

0 29

CLAYs DISTURBED SAUPLE" /)

HRITE(S3600) - N
FORMAT(® SOT1 TypEt SILT CLAY LOANs DISTe SAMPIEN/)

GO0 70 20

HRITE(60700)

FORMAT(™ SOT

CORTIKNUE

READ(S2105)ATH
FURMAT(FS, 2)

IF(ATH«EQ.0.)G0 105

HRITE(E»2053ATH

FURMAT(™

EXTRMCTTGH AT ”l;5029" ATM‘

HRITE(69210)
!T3a"A"JTI39”B"D723!"C"1T33on0”.

FORMATC(L

TUT=0
SUT0:0

H

'TSB.ﬁE?

00 12 Jsi.s

TYPE!

CLAY LOAH, DISTURBFD SAMPLF"/)

LEE.

»/)

B P




L1

T READ(S»110)A.BsC

150 FORMAT(FAa,1,.F5.1,F5,1)

"DaCeA

- E=bBeCc
Fu(E/D)*100,

TOT=2TUT+F , "
SQTU0=SQTN+F a2

HRITE(é.?IS)&:B»COD!E:F

215 FORMAT(IXsFa, 10711 FSei2T210F3, 1:T?1»F5 1.7a1;r4.1

1:T51,F5:2) ' i .

12 CUNTINUE
AVES(Y0T/54)
HRITE(6,22034VE . A
220 FURMAT(/» T!a.ﬂAVFRAGE HATER CONTs wT. RASIS =. 1w

1*5 25539, /7))

T STOT=(T0Te¢2)/5, . -
RS12=50Tp=ST10T ‘.
SSQz=Rsi2/4,

TSDEV=SART(Ssn) — _.
CVAR=(SUDEV/AVE)21G0,

HRITE(6+22518DEY .

T 225 FURMAT(T23sm THE STANDARD DEVIATION 1S TINSFs.27)

WRITE(6#2230)1CVAR .
230 FURMAT(T19s"THE GOEFFICLENT OF VARYATInN ISty
TUAFS 2y T T S
GO 10 25
99 CONTINUE
T 8Yop
END

P




L2

T RESEARCH DATA ANALYSIS

LEGEND INFORMATIONY

NATFR RETENSION IN THREE SnIiS

EFFFCT OF SAMPLE DISTURRANGE ON

3 CAN WEIGHT (GRAMSY
REIGHY OF wET sOl1 ¢ AN (GRAMS)
WEIGHT OF DRY SOOI & CAN (GRAMS)

KEIGHY OF ORY SOIy (GRAMS)Y
HEIGHY OF WATER (GRAHMSR)

MMoOO® >
“oneun

WATER CONTENT -0W WETGHT.BASIS (%)

SUIL TYPE3 CLAY,UNDISTURBED SAMPLE

TTTEXTRACTION AT 0,10 AT, e
A 8 .C 0 E F
48,7 159,3 132,48 8347 2649 32,14
) 4900 189,7 IZS,Q 76,4 283 3!.81__
TTA9e2 T 154467 129,14 79.9 "25¢5 3101
46¢5 15646 129.9 834 267 32.01
&7 o6 15_206 '1_26.8 79,2 25¢8 2258

"AVFRAGE WATER CONT. HTe RASIS = 32.09%

THE STANDARD DEVIATIAN IS 3 0,30

THE COEFFICIENT OF VARIATION IS{ 0793 —

EXTRACTION AT 0.33 ATH,
A CR ¢ 0 E S
5002 179'5 149;6 9,48 2?-9 | ?0068
T 89¢1 T 182457777 7152,2 7 T10301T T 3063 294397
512 17942 169,7 9845 2945 29¢95
0505___“_17505 ~~~~~ 146,5_ A 98}0_ . 290 i 29489
TTT48,2 181:0 7 150.6 10244 7T T 3068 T T 29,69

AVFRAGF WATER CONT. WTs RASIS = 20,74%

_THE_STANDARD DEVIATION IS 1 0,28

THE CNEFFICIENT OF VARIATION ISty 0493




EXTRACTION AT 0450 ATu,

b3

A B c 0 E i
TTASL2 T HTTWAT 188,87 103427 T 2900 T 284107
4641 16641 139,6 93,5 2645 28434
48,2 16241 137,1 8849 2540 28.12
T T hbe2 T 16860 140,90 94,7 271 28462
9143 2620 28s48

4742 164¢5 138.5

THE "STANDARD DEVIATIAN 1S

002

AVERAGF WATER CONT. WY+ RASIS = 28,3335

YHE CNEFFICIENT OF VARIATION IS: 0479

©
TTEXTRACTION AT 0,65 AT,

A 8 c D E F
50,7  181,3 1541 103,48 2742 56431
373 18046 151,0 113,7 29.6 26403
36,6 183e3 77 152,87 11348 7 T30e9 T 27415
0747 17846 151, 2 10345 274 26447
4745 18162 152.4 10449 2848 27445

AVERAGF WATER CONT. KTe RASIS = 24,683

THE STANDARD DEVIATIAN IS 1 0,40

THE COEFFICIENT OF 'VARIATION 1§71 27324

EXTRACTION AT 0,82 ATH,

—A B ¢ 0 £ F
3742 17847 151,6 11844 2741 23069
T 38457 T 164037 T139,3 77 10087 T 250 28480
a%47 17546 150.5 10048 Cel 28+90
- 86¢n 17501 150,1 103.7 2540 28411
TTATegT T 16967 T T 445,37 T T 9842 T T 28687 T T 28485

__AVFRAGF WATER CONT. WT, pASIS 2 24,473

THE STANDARD DEVIATION IS 1 0454



L

YHE CNEFFICIENT OF VARIATION 1S1 2.92

EXTRACTION AT

i it e g A I R i e

A B
TTRT 7 18606
47,+5 181.7
46,3 1732
ATy T 16903 7 -
4642 1689

3,00 ATu,

c D E F
! 6'1_:1_—_._‘ 113,.4 25,5 T 02hY
157,2 10947 245 22433
150.2 103.8” 2300 92f16.A
147;2~M ————— 1001 _2b°1—_ *’—?2-58—§
145.9 997 2340 23¢07
AVFRAGF WATER CONT. T, RASIS = 22,83%

TﬂE“STAhDQRDfDEVIATrnN"]S“T_bThg“

THE CAEFFICIENT OF VARIATION IS§ 1,75

TTEXTRAGTION AT 5,00 ATi.

0 .

A B c € F
46,5 17843 155,5 107,0 22,8 21.31
48,2 1568 137,6 89,4 1908 91093

TTA9e2 T T 16901 T 148,27 T 99407 2049 T T 2tet
51¢2 1734 156.4 1052 2240 2091
5145 16042 10847 2249 2033

AVFRAGE WATER CONT. 4T, pASIs = 20,943

THE STANDARD DEVIATION IS 1 0,37

TYRE CNEFFICIENT OF VARIATION ISt 1+76

EXTRACTION AT 7.00 AT,

A 8 c D E F
48,5 162.0 160,0 111,5 22,0 19,73
TTAYe2 T 17847 77 157,22 T 103,0 2105 1991
51!2 17441 154’1 102.9 200 ZIQoaQ

5042 17844 157,3 107.1 2141 ' 19470
Ak, 2 18341 161.1 7 112.9 T 22e0 19489

_AVERAGF WATER_CONT. WT. pASIS = 19,653
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THE STANDARD DEVIATION IS 1 0,19

YRE CNEFFICIENT OF VARIATION IS: 0,98

EXTRACTION AT 10408 ATH.

e <

.

A . B ' ¢ _ 0 E i F
TTH6,7T 192,5  169,4 122.7 250 18R3T
507 17250 152.3 10146 1947 1939
37.2 159¢2  139,5  102+3 19«7 1926
T 3865 16501 145, 1 10666~ 2040 18476
4648 1771 156-9” . ,‘9?'6, 4'210! - _’?f?s-
c e

AVERAGF WATER CONT. WY, RASIS & 10,104

TYHE STANDARU DEVIATION 1S 1 0+58

THE COEFFICIENT OF VARIATION Iss 1.48

TTTEXTRACTION AT 15,00 ATH.

A B ¢ - D o S

46,8 1679 149, 8 1010 1994 17,92
5047 16040 160,5 109,8 1945 17.76
T35 170657 150,48 7T 11,9 T T 2048 T 7496
4842 179¢5 ©160.0 111.8 19:5 1704
505 11§!2 154.0 103.5 - 1942 18455

AVFRAGF WATER CONT, HT. RASIS = 17,933

YHE STANDARD DEVIATIAN IS t 0,40

"YHE CNEFFICIENT OF VARIATION ISt 226




SOIL TYPE§ SILY CLAY LOANSUNDIST. SAKPLE

—EXTRACTION AT 010 ATH;

A B c 0 £ F
5066 - 165414 181,48 . 90,8 23.7 26,30
49,14 14440 124:3 7552_ __m19§7m“__“~96790_m
TR, 7 45741 T 134,57 85,87 22,6 26434
4842 " 1687 ‘1484,0 C 9548 247 2578

5165 15646 135.1 83¢6 215 - 25.72

AVERAGF WATER CONT, ¥Te RASIS 3 24,03%

THE - STANDARD DEVIATION IS 1t 0,27

THE CNEFFICIENT OF VARIATION ISt (.03

. -
EXTRACTION AT 0,33 ATH,
A R o0 E F
491 169.8  1A7,9 98.8 2149 22,17
T 5042 T158.7 7 7138,7 88,5 20¢0 22.60
- 4B,8 16649 145,0 9642 2149 2277
SI!QM__ﬂ_16305 142:0 ’ 91.0 2135 ?3193__
4948 17740 153,14 1033 2349 2314

AVFRAGF WATER CONT. KT, RASIS = 29,84%

YHE _STANDARD OEVIATIAN 1S & 0455

THE COEFFICIENT OF VARIATION ISt 2,22

EXTRAGTION AT 0,20 ATH,

A B ¢ o E F

46,7 130,77 1160 67,3 18,7 21.84
50.4 §66¢0 145'4 95.0Q 206 21+68
- 3%e2 16347 142,33 10341 21,8 20476
T 89,y 16240 141,77 777 92467 T 20e3 T 21492
46,2 16645 144,.5 96s3 = 22.0 22485

“AVFRAGE WATER CONT HTe RASIS 5 271,815

e



THE STANDARD DEVIATION

L7

1S71 0. 74

THE CNEFFICIENT OF VAQIAT;ON ISt cal

T EXTRACTION AT 0.5 ATH.

A B c D E F
47,7 1585 139.5 91,8 10,0 50,70
Q8,6 1570 ______138,6__ __A_89w3-m 18e6 _“;90;?1__
49414 1607 141,7 92:6 19:0 2052
48,2 15567 137.5 89,3 132 2038
485 16543 1_‘_‘?(.3 96,8 2_0.-0 90_066

AVERAGF WATER CONT. HT,

RASIS 3 20,503 .

“JHE STANDYROD DEVIATION IS § 0,14

THE COEFFICIENT OF VARIATION IS3 0469~

0ohts ATH,

CAVERAGE WATER CONT. WT.

EXTRACTION AT
(Y Y ¢ D E F
45,5  164,6 14555 100,0 19,1 19,10
TTA5.77 T 15304 135,6 89.9° 1748 1980
4746 17301 152, 3 10467 2048 19487
A846 1608 182,48 9348  18¢0 . 19s19
T 45,4 16243 133.3 9842 1940 19035

RASIS = 10,883

‘THE STANDARD DEVIATION IS 1 0,35

THE CNEFFICIENT OF VARIATION IS: 1481

—s

LXTRACTION AT

—— el

A

88,6
9.1

49,1

48,5 ~ -

4‘1.0

-

qlﬁz ATH;.

B C . D - E F
161,3 "“"""Ma 5 95 .-9——_—“"16'08-‘-_—_—;7}‘52“—
1604¢5 145 i 95,0 1608 17.?6
160!5._. 140 5 95,4 1609 \16 77 :
178+4 159 0 11065 19.0 ]7 4
1579 181.4 924 16+4 1775

- . = 'Y
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- AVFERAGF WATER CONT, HY. RASIS s 17.30%

THE STANDARD DEVIATIAN IS 4 0,37
YHE COEFFICIENT OF VARISTION ISy 2443

—EXTRACTION AT 3,00 ATH:

B ¢ D E S

A

49,0 188,1 1351 8641 1340 15410
4845 1525 13851 89,6 {48 ‘6'07
4845 153007 138,57 9040 - 1445 $6e117
490 15401 137,3 883.+3 {38 j_5063 '
5046

18947 136,2 8506 13¢5 15477

AVERAGF WATER.GONT, HT. pASIS = 15,748

THE STANDARD DEVIATION IS ¢ 0,4l

THETCOEFFICIENT CF VARIATION 181 24407

CEXTRAGTION AT 5,40 ATu.

A ] c 0 E F
48,2 154 ,6 140.6 92,4 1440 15415
50¢5 162¢2 T 148,17 9746 143 144457
891 15646 143,2 94,41 134 14424
4645 15646 143,3 94,48 133 14403
5145 1736¢7 T T157.3 7 105.87 1848 13.61

AVERAGF WATER CONT. WT. pAsSls = 12.30%

THE STANDARD DEVIATION IS5 1 0457

THE CNEFFICIENT OF VARIATION 1S3 3.99




L9

EXTRACTION AT  7.00 ATM.
A B c D E F
49,1 13540 1335 88,4 1145 13.63
50,2 T159.7 T 486,6 9604 T 130y T T 13489
G747 {512 139,;0 9163 1722 $3.36
50¢5° 168482 133,0 82¢5 112 }305&
TTASe5 T T 1525 T 18048 T 7 %1e6 1264 13e54

AVFRAGF WATER COMT. HT. nASIS = 13.5a%

THE STANDARD UDEVIATION IS 1 0,10 .

THE CNEFFICIENT OF VARIATION ISt 0.76

EXTRACTION AT 15,63 ATi.
A B . ¢ D E F
TSI, 151,47 14001 8971 1773 12,68
50¢0 159¢5 1“7,2- 9742 123 1263 :
37¢6 15150  138.5 . 101.1 125 1236
: 39;2' 130.5*_7 12931 T 8949 f1ed —12€§8
A9,y 16005 147.6 9845 1249 13050

AVERAGF HATER CONT. KTv RASIS @ 12,708

THE STANDARD DEVIATIAN IS 1 0,26

© T SOILTTYPED CLAY LnAMs UNDISTURBED SAMPLE

EXTRAGTICN AT 0.30 ATw.

St e ——

A

T Ay,0
4846
46,5

T 49y

5043

.

158495
1844.0
184,0
16406

165,5

YHE CONEFFICIENT OF VARIATION ISy 2.06

c

IR
135.0
126.2

159,1

182.7

- e e -

D

85,2

86,8
TTa7

T 11000

924

E

2143

195
17.8

T 2849

2149

22437

F

2257
22.91

22064

23.70

—‘”AVFRAGF WHATER CONT, hTewRASIE 3;25:0b3"".

.



TTEXTRAGTION AT 0,33 ATH.

50

YHE STANDARD DEVIATION IS 3 0,52

_THE CREFFICIENT OF VARIATION ISt 2¢27

A B c D E F
49,1 164,40 18445 95,4 195 20484
+ 9042 1702 1649,4 99,2 2048 20497
TTA8e5 T 167¢0 T 147,77 9942 T 1903 19.467
hbo7 19841 173,41 12644 2540 20210
RbeS 182.4 160.1 1116 2243 19.98

AVFRAGF WATER CONT, WT, RASIS = 20,193

THE STANDARD DEVIATIAN IS 1 0,56

“YHE COEFFICIENT OF VARIATION IST 2778 —

EXTRAGTION AT 0.a0 ATH.

A 5 G D £ F
37,3 1427 126,2 8869 1645 18456
T h6,4 T1T3e2 153,84 1070, 19e8 . 1B«v0
4644 1118'7 133:? 86,8 ine5 . !_7.36
hde6 1715  152,0 103484 195 . 18.R6
144, $5,0 1764 18.00

_ 4941 161?2~—_

AVERAGF WATER CONT, HT. RASIS = 18,343

THE STANDARD DEVIATION 1S 1 0442

THE CNEFFICIENT OF YARIATION ISt 2.27

EXTRACTION AT 0,50 ATN,

A

3977

46,4
4644
T 88,6
47,7

c )

"""""" 125,6 86,5
171,3 1249
1&1:3 L 9¢.9‘u”w
159.4 11048
14200 9003

“15%0

218
16.3

190
16¢5

§74387
47443
.3701d

TUI7.85 T
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TAVFRAGF HATER CONT, HT., RASIS = 17.26%

T EXTRACTION AT 0,66 ATH,
A.—.——.—

48,4
48,5

49,2
48,5
48,7

B

183:5
1867

17364

16945
16240

TYHE SYANDARD DEVIATION 1S 3 0,16

fHE CNEFFICIENT CF VARIATION ISt 0.91

158

C D E F
165, 6 11742 179 1527
 133,7 8542  13:0__ 15.56
156,7 10745 167 1563
153,4 10489 16 1525
186,56 97.9 1573

AVERAGF WATER CONT, WT. RASIS = 15,433

THE STANDARD DEVIATION IS § 0,20

TYRE COEFFICIENT OF VARIATIONTISt 13307

EXTRACTION AT 0,82 ATi,
K B c —D E F
47,7 16745 151%6 1039 15,9 15,30
TTAB.7TT 16841 152,8 104,14 1543 14¢70
50¢7 16345 148,7 %8:0 1448 1510
4644 1675 . 151,38 10544 1547 14490
15046 10240 1861 14480

T a8e6 16547 T

AVERAGF WATER CONT. HT. RASIS = 1a.943%

THE STANDARD DEVIATION IS 1 0,24

THE CREFFICIENT OF VARIATION ISt 1.62




_ EXTRAGTION AT 3.00 ATH.

A 8 c .0 E F
TTTRYT0 T T 15227 39,6 90¢6 1266 13.917
4046 13647 135,2 - 8646 115 13.28
48,5 1602 147, 1 9846 131 §3499
T8940 T 1507 138,7 7777 8947 77 12e0 T 33en87
50¢2 16641 152.6 - 102.8 13¢5 1318

" AVFRAGF WATER CONTe HTo. RASIS = 13,4%%

'iHE‘srﬁnoARo DEVIATIAN IS 4 0,297

rua CnVFFICIEhT ofF VARIATIDN Is: 2.?5

TTEXTRAGTION AT 5,00 ATH, — }

A B c D E F -
49,0 15¢,3 © 14001 91,1 112 12.29
48¢6 1703 "157.2 10846 13¢1 1206
490 15364 777142,1 77 93,1 1143 126147
49,1 189,44 138;4 . 89,3 11¢0 12432
50¢2 17344 159 7 109,5 1347 12+51

AVFRAGE WATER CONT. HT. RA§I§ 3 12,263

THE STANDARO DEVIATION IS ¢t 0.37

THE COEFFICIENT OF VARIATION Is: 1,42

EXTRACTION AT 7.00 ATwM, -

[y B c 0 E E F
al.7  162.7 150,5 - 102,8 12.2 11.a7
TT48,7 7T 15847 T 147,27 98.57 T 1145 T 11468
50.5 164.8. 1“2 7 10242 121 11.84
39¢1  ~ 146448 135,0 9549 11ed 11489
T 8B46 T 17346 160.5 _._-111'9___13.‘% 11671

_AVFRAGF HATER CONT. WTo nAflc w 11.803

- ¥

TH§7$TANDARQ_DEVIATION_Ig;} 0,10

e s i |

YHE CNEFFICIENY OF VARIATION ISt1 0,88




48,7

53

, -
__ EXTRACTION- AT 15,08 ATw,
A B

—ag,0 157.3° 7

49¢0 - 15744

50¢6 1604
TTA645 77 17345

. 169.:8

c D E F
186,22 98, 2. 1141 11,2307
146,7 9747 107 10495
149,2 9846 1142 11430
160,87 11437 T 1247 T et 17

157.3 10846 1265 11651

“YHE STANDARD DEVIATION 18

~ AVFRAGF WATER CONT: HT: RASIS = 11.25%

- . = ©
T SOILTYPEt cLAYs DISTURBED SAMPLE

THE COEFFICIENT OF VARIATION ISt 1,94

EXTRACTION AT 0410 ATn,

A 8
48,5 161.4
4943 1645
50:6 1637

T hBey T 16944
49,5 16247

¢ 0 £ F
130,72 81,7 3142 EELIXER
132,2 8249 3243 - 38496
132.0 81.4 - 317 38.94
135,57 87.4 3309 28479
131.1 8146 3146 38473

AVFRAGF WATER CONT+ WTs RASIS & 38.72%

"THE STANDARD DEVIATION IS 34 0,31

TTEXTRACTION AT 0733 ATHY

THE COEFFICIENT OF VARIATION IS 0.1

A B c D E . F
49,5 169,7 125°7 76,2 20,6 11,50
;_Mab'a_m_ﬁ 15313-'” 128,5 80¢2 28+ 8 3092
49 ¢ 1 14361 7 777 120,6 T T 7105 T 2245 T T3y 447
R8,7 15040 125,7 - T77.0 2843 156
2045 1552 130.3 79.8 2449 11.20
HWATER CONT. WTe RASIS & 31,33%

AVFRAGF




5y

THE STANDARD CEVIATION IS 1 0.27

Y HE CNEFFICIENT OF VARIATION ISy 0285

EXTRACTION AT 0.50 ATH.

A B ¢ N £ F
50,0  181,8 121,48 71,4 20,4 28,57
T h9,67 (14662 T 124,84 748 2108 29e14
382 14006 117,48 S T940 2342 - 2937
4744 164042 118,3 = 71.2 219 076
TTA951T T 15643 7 T 130,57 T 81a47 2308 29.P47

AVERAGF WATER CONT. WT. pASIs s 29,49%

B . . - -
THE STANDARD DEVIATIAN IS 1 0.8l

" YHE COEFFICIENT OF VARIATION ISt 2,75

EXTRACTION AT  0.686 ATHe

A ‘ B . €. : D E F
56,4 iSé?B”“”“‘TBE;g ' 8.1 28,8 28,15
47,1 - 165:0 - 139,0 . - 91«9  26s0 28,29

. 492 155¢6 131,77 8245 = 2349 = 28697
v 4.0 15645 132,5 83.9 2440 28:61
50¢5 15842 131.3 ‘8008 22¢9 2831

= Raey AVERAGF WATER CONT, WT. RASIS 2 28,472

THE STANDARD DEVIATIONTIS 7 0.32
THE CNEFFICIENT OF VARIATION ISt 1414

TTEXTRACTION AT 0,82 ATu.

A B ¢ 0 - E F
38,4 15045 1273 88,7 23,2 - 96,38
4741 15941 1355 88,4 2346 26470

TTATOT 7T 16245 138,48 90«7 T 2841 26457
49419 15007 129, 1 8040 2146 27400
. 7945 2145 27404

-

5040 - 15140 129.5
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e

AVFRAGF HATER CONT. 4T. RASIS @ 24,743

THE STANDARD DEVIATIAN IS 1 0,28

THE COEFFICIENT OF VARIATION ISt 13067

EXTRACTION AT 1458 ATH,

A B € , 0 E F

39,2 1392 120,3 . 81el  1Re9 23430
38¢37 T 1475 T g27,1 . 88.8 2008 22497
Q9,6 150+ 0 130,7 81.1 193 23.80 .
af .7 15487 132,1 . 86¢4 206 ~ 23:84

LYaY'! 151667 131.7 843 19697 234061

AVERAGF WATER CONT. KT+ RASIS 3 23,503

THE STANDARD DEVIATIQON IS t 0,37

THE CNEFFICIENT OF VARIATION IS: 1455

EXTRACTION AT 3.00 ATu.

A 8 - ¢ o E . . F

A9¢3 150,07 1332 8379 1629 20,027
694 14441 123, 1 79:0 1640 2025
4%ey 15342 135,286l  1Ra0 20491
T 50s2 13241 118.0 67.8 T 1aet 20480
46,2 1812 125.2 770 1640 20078

AVFRAGE WATER CONTI WT, RASIS & 20,55%

THE STANDARG DEVIATION 157§ 039

THE CNEFFICIENT OF VARIATION IS} 1.89




—EXTRACTION AT~ 560 ATHo

A 8 . ¢ D I F

. 49,3 154,3 137,7 88,8 1666 18.78
4943 14844 132.5 83e4 159 19600

TT50e67 ta7el T 131,27 T 78006 159 19,737
89,5 © 14548 13032 80¢7 {15¢6 ‘19033
66¢3 $38¢06 ©124,3 7640 1463 1882

AVFRAGE WATER CONT. WTe RASIS » 19.14%

THE STANDARD DEVIATIAN IS t 0,39

THE COEFFICIENT OF VARIATION ISt 2,06

EXTRACTION AT 10.00 ATH,

0 .
R . B8 C D - E F
38,3 léﬁta 122:(3 88,3 138 ;603?

—-_ﬂ7;]”_~_—}Gi}SfM"_7]27,0 79:9 {145 !8;15~
6T e7 142¢5 ‘12726' 799 Iae? ' 18¢65
67 ¢4 §126¢1 11‘3,1 . 6647 12¢0 ; .17¢?9

—‘mag;lfwﬁ——133.2”“__w120.3 712 12¢9 1842

AVFRAGF WATER CONT. uT., RASIS = 17.86%

THE STANDARD DEVIATIAN IS § 0,87

THE CNEFFICIENT UF VARIATION ISs 4,86

CEXTRAGTION AT 15,08 ATM.

A B ¢c o £ F
- 50707 T 19,6 1352 8532 1474 16390~
46,8 18146 128, 1 79¢3  13e5 1702
5092 14548 13:1,8 816 140 17406
TT5146 7T 8148 T T 128,27 7646 T T 1302 T T 474237

49,8 142.6. 129.3 7945 13,3 16473

TAVFRAGF HATER CONT, WT4 RASIS = 717,01%

THE STANDARD DEVIAYIAN 1S-770,20°

THE CREFFICIENT OF VARIATION ISy 1,18
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EFFFCT OF SAHPLE DISTURRANCE ON

TTHATFR RETENSION INTTKREE SAIfS

— 7 RESEARCH DATA ARALYSIS

LEGEND INFORHATIONG

T T 3 CAN WEIGHT (GRANS)Y _
HEIGHT OF wET S0I1 + cAN (ARAMS)
WEIGHT CF DRY SOI1 ¢ AN (aRAUS)
HWEIGHY OF ORY SOI1 (GRAMSY
WEIGHT OF nATER (GRANS) '
WATER CONTERT ON wETGHT BASIS (23

"TMmTOoOm>
8 8 2 N

'SOIL TYPE; SILT CLAY LDAM, DIST, SANPLE

TTEXTRACTION AT 0,10 ATH,

A B c o - £ F

49.5 165+0 135.0 8545 3040 35.09
68,3 168¢3 134:1 85.8 302 3520
TT8%,1 1T1eS 139,3 ~90e2 32.2 35.70
5Q¢7 16502 135,4 8847 29¢8 - 35448
8946 16640 135.7 8641 3043 3519

= AVFRAGF WATER CONT. KT« RASIS = 35,273

T

THE STANDARD DEVIATIAN IS 1 0424

THE CNEFFICIENT OF VARIATION IS8T 004

"EXTRACTION AT 0,33 ATH,

A B ¢ o € F

88,7  181,8  122,7 74,0 1941 25,8l

© T 46,8 13742 119,2 7004 1800 25.57
46,5 1398 120.8 7443 1940 25¢57
48,3 15343 132,0 83.7 213 25.45
4742 13440 116.5 6943 1745 25425

AVERAGF WATER CONT, WT. RASIS = 25,533

THE_ STANDARD DEVIATION IS 3. 0450

THE CNEFFICIENT OF VARTATION 1St 0.80

— - e g RP—— - e e e e
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_ EXTRACTION AT 04%0 ATH,

A 8 C D E F

TTOAT T 12667 T112.37 T 6A¢6T T a8 22409
S094 14502 126,6 76¢2 18¢6 2841
39¢14 12665 110,46 7163 16e 22458

Thb¢8 T 12862 113,0'“u“mn6606m~“-1512'N—w—~u?2.82
460 130¢3 " -315.2 3 68,8 151 21493

TAVFRAGF WATER CONTY WT. RASIS = 22,813

TTYHE TSTANDARO DEVIATION 187170795

THE COEFFICIENT OF VARIATION 151 A.17

CTTTEXTRACTION AT 064 ATHe

T
A B c ) - E F

69,1  137,6 1222 73,1 15,4 21407
49414 136¢6 - 121,3  72¢2  185¢3 2119
49,2 127,48 il3:ﬂ‘ 64,2 1240 21.481 '
3%¢2 1218 167,1 . 67,9 1845 21235
3743 115.8 102.0 64e7 1348 2133

AVERAGF WATER CONT. HTe mASIS = 21,353

THE STANDARD DEVIATION IS § 0.78

YHE CNEFFICIENT OF VARIATION ISy 1431

EXTRACTION AT 0,82 ATHM,

A B c D —E ~F

47,5 127,2 11470 6645 13,2 19485
TTA6,2 T3S T T I, 8T T 2 T 1aet T T T T 19,807

a6ll 128+ 2 114'.6 6845 - 136 19085

6664 1287 115.2 6848 1345 194,62
TTAGGL T 1300 T 16,27 T T 00T T T TT1369 T 19483

(]

AVFRAGF WATER CONT. KT. RASIS = 19,793

THE STANDARD DEVIATION 1S-3 0,10

THE COEFFICIENT OF VARIATION 153 0,49




EXTRACTION AT 1.50 ATu,

O —— e et . e 2 e e

A B ¢c - D £ ¥

| I LAY A T T Y- S DY DA 5 T AR b Y 70027
475 13343 120.5  73.0 128 1753
4544 134463 »121.3 77&7“,?: 13.0 17330 4

:::b5-5_~MﬁW138'3'"h>”125;2“_- ”“76;7~m__m1301ﬂmu—MNEYoas—_
84646 12946 117.6 - 690 {20 17:39

AVERAGF WATER CONT, WT. RASIS = 17,283

THE STANDARD DEVIATIAN IS 3 0,22

THE COEFFICIENT OF VARIATION ISy 1.97

T EXTRACTION AT 3.00 ATH, e

A 8 c ] E F .
51,2 125,2 115,5 64,3 9e7 15,09
Q9.1 1236  11“30 64.9 ?06 1479

Tabe6 T T 130+2 T 77119,5 7069 107 15.09
5045 13244 122,0 7165 T 1008 14655
7 1526

. 69,42 13q.0 119.3 70.1 i0

AVERAGE WATER CONT. KTe RASIS = 14,963

THE STANDARD DEVIATIAN IS § 0,29

THE COEFFICIENT OF VARIATION ISt Tool ™

EXTRACTION AT 5.00 AT,

A B c 0 € _ F
49,2 134,2 124,2 75,0 100 13,33
TT5ke2 T 13603 126,87 T 75027 949 T T 134167
49414 1310, 121,3 7242 Qe7 13¢83
50.2 136¢6 . 126, 4 76.:2 1902 j3¢39
TTTAB. 2T T 13245 T T 122,57 7R3 T T T 10e0 T T T 43086

__AVFRAGE WATER CONT. WTe pASIS = 13,3432

 THE STANDARD DEVIATIAN 1St 0,12

S i~ e & ¢ A W S a——
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THE CNEFFICIENT OF VARIATION ISt 0e838

EXTRAGTION AT 10,00 ATit,

A : B . ¢ : 0 2 F
28,3 121,57 113,47 7 65,1 8e4 12,487
5002 = 129,3 120,5 T 70.3 8¢8 1252

__;“8'2\m__ 12840 7 119:0 m__“~70b5>1_“, 9'0,_"~L 12.?1 B
59'7 12909 121,3 706 8¢b 12018
§906 128+ 1 119.4 698 Be7 1286

AVERAGF WATER CONTL WY RASIS ® 107448

YHE STANDARD DEVIATION IS 1 0+19

THE COEFFICIENT OF.VARIATION 1S: 1.53

TTTEXTRACTION AT 15,00 AT,

A 8 ¢ | 0 2 . F

48,6 1195 112;3 . 63,7 - Te3 11,486
quo___m”118037 . lll,? 62,2 .Tey 11cal
T48,3 1171 110,0 617 T 7et T 11450
48,7 - 14740 11,0 . 61+3 7s0 - 11622
46,8 - 115.0 T o108,2 59,4 68 . 11045

AVERAGE WATER COMT. WTe RASIS 2 11,45%

THE STANDARD OEVIATIAN IS it 0,04

THE CAEFFICIENT OF VARIATION ISt 0033

SOIL TYPEs CLAY LnAM» DISTURBED SAMPLF

TTTEXTRACTION AT 70,10 ATHL.

A B c 0" 3 F
50,2 152,6 1306 80,4 - 22.0 57,36
502 o ‘!5106, _____ 129.6 79,4 2250 ‘?70?1

—T 88,2 15005 128,3 S 80el T 2262 7 T T 27022
5145 1613 137,3 8548 2862 28421

2000 15143 129.3 79¢3 ~ 22.0  27.74




‘e

AVFRAGY -WATER CONT. HTs RAQIG = 27.75%

61

THE STANDARD CEVIATION IS 1 0,30

TYRE  CNEFFICIENT OF VARIATION TSt 1e08”

EXTRACTICN AT

0+33 AT“;

-

K B8 ¢ E F
88¢1 134,7 118,6 70,5 1641 22,84
5145 146¢37 129,17 TT.67 172 92¢16
49,0 1426 125,1 761 1705 23:00
aﬁjﬁ 1Q5'1*_~~u}27:1 78:7 {Be 0 2287
4942 14244 73125,2 7640 1762 22¢63

AVFRAGF WATER €ONT. WTs pASIS = 22,703

THE STANDARD CEVIATION IS 1 0433

THE COEFFICIENT OF VARIATION ISt 144

e 4
La0_ATH.

EXTRACTION AT 0

A 8 ¢ 4
3952 Tao 1™ - 123,17
36,46 14004 123,1
36.4 14248 125.2

Th9.1 T 18242 7 126,37
492 14940 131.6

D

-k
LTS Bty
8445 173
8648  17e6
T2
824 1748

1549

F

20,26

?Ocﬂ?.
?0.98

2060

2112

AVERAGE HWATER CONT+ HWT+ RASIS & 20,528

THE STANDARC DEVIAYIAN 1S 1 0,35

THE COEFFICIENT OF VARIATION ISy 1.70




T EXTRACTION AT ™ 0958 ATH.

62

A B c D £ F
48,5 137 .6 123,1 74,6 1845 19,44
4940 15453 137,3 - 88,3 17:0 $9.25
T 4842 156.4 0 137.3 89¢1 1741 1919
4b¢5 13962 124.5 7660 18¢7 19634
4846 15922 134.4 858 1698 19.58

AVFRAGF WATER CONT. hT. RASIS = 19,363

THE STANDARD DEVIATIAN 1S ¢t 0.15

THE COEFFICIENT OF VARIATION 1s7T 0079

EXTRAGTION AT 0.6 ATi. g

G B8 c 0 E F
39,2 138.7 123,48 84,2 15,3 18417
49 ¢4 1437 "129.0 799 14.7 18¢a0
49,2 16040 125,6 7604 1ae4 18485
48,7 14205 128,0 79¢3_  14e5 18428
"SUsa 1490 133.7 8343 1543 18437

AVFRAGF WATER CUNT. WT. RASIS = 1,413

THE_STANDARD_DEVIATION IS 1 0,26

THE CREFFICIENT OF VARIATION IS: 1,40

EXTRACTION AT

A ‘B
48,5 145,3
49,0 18345
490-0 18442

4842 14642
48,6

15640

0482 ATu,
¢ D ) [
‘ﬂ_m130;7_~__—_82:2_~“~_f5}6
129,46 80,6 139
”_~130,2‘ 51(2 1a.0
131.7 83-5 145
140.8 91,8 15¢6

" AVFRAGF WATER CONT. WTs RASIS

“F

T % 4

_1_70?5

17-?4
CsT7e37

1699

= 17,328

" YHE STANDARD DEVIATIAN IS:t 0,28 -

THE CNEFFICIENT UF VARIATION ISt 1.62

~
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TTUEXTRACTION AT 1atd ATH.

A B c D 3 F

50,4 139,3 127,1 76,7 12.2 15.91
3944 132¢3 11936 80e¢5 12.7 jS.T&
8900 77T 18640 T 132,2 7T T TTB3.27TTT T 1368 T T 16459
8.2 18442 130’2 82.0 1309 }7'07
4941 16065 127.5 7844 130 1658 .

AVFRAGF WATER CONT. HT. RASIS = 14,383

~ THE STANDARD DEVIATIAN IS 1 0,54

THE“’CUEFFICIENT"UF”VARIAT_]UN"‘IS_{_BT‘?S—“

EXTRACTION AT 3,00 ATH.

A B c D E F

46,2 ° 133,04 123,5 75,3 949 13,15
50¢6 1808 130,2 796 1046 $13.32°
495 1431 131.7 82.2 1108 13.8/
48,3 1351 125:0 ' 76.?‘ lQa! 13017
AY¢1T T 71342 T 124,27 5.4 100 13432

AVERAGF WATER CONT, HT. RpAsls = 13.36%

THE STANDARD DEVIATION IS 1 0.29

THE CNEFFICIENT OF VARIATION IS1 2.20

EXTRACTION AT S.an ATM,

A B ¢ D E F
8845 131.2" 1223 73.8 Be9 12,06
TTA9437TT T 13645 7 T 127,377 7T78407 T T Qe2 T 179
5066 13842 ) 128,5 779 - 97 12.95
49 .5 13441 125,0 7545 941 12005
T 88,53 T 12945 7 120.7 T T2e8 T 848 T 120197

AVERAGF HATER CONT. KT« nASls © 12,103



THE STANDARD DEVIATINN IS5 1 0.04

THE CNEFFICIENT OF VARIATION ISt 1.95

EXTRACTION AT 10,08 ATH..

A 8 o ) E - F -
51,5 T 138,07 129,1 77.6 8¢9 11,677
50:0 1365 126,1 76¢1 Bed 1104
Q8,7 14841 138.1 89.4 100 1_1019
508 1467 137,1 B6:7 946  tleal .
373 1267 117.6 803 91 1333

AVFRAGF WATER CONTT Wis RASIS & {15278

[

YHE STANDARD DEVIATIAN IS8T 0,88

THE CNEFFICIENT OF VARIATION ISt 1,61

TTEXTRACTION AT 15,00 ATil,

A B ' c D E | F

89,4 132,2 1240 74,9 As? - 10,95
__hbes  141.4  132,3 8347 Qs 10687

5046 13601 127,87 772 ‘Be3 . 10475

3744 12343 115..2 77:8 8e¢3 _1_0067

49,46 1___3_»§_|U 128.2 7846 Boé $0¢94

AVERAGF WATER CONT. WTe RASIS = 10.84a%

THE STANDARD DEVIATION IS ¢ 0,12

THE CREFFICIENT OF VARIATION US: 1,813




