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ABSTRACT

The relationships between soil components and soil physical
constents were investigated on 94 soil csmples varying widely in
physical composition. The soil components used were fine sand, very
fine sand, silt, clay, organic metter and cslcium carbonate content.
These were related to apparent density, field capacity, permeanent
wilting percentage, available moisture (dry weight basis), eveilable
moisture (volume frection) snd moisture retsined et 1/4, 1/3, 1/2, 1,
3, 7 and 15 stmospheres tension by multiple regression analyses. The
reletionships were subsequently tested on 18 soil semples from sites
not previously investigated.

The results presented show that e highly significant relation
exists between soil components and every soil physical constant. A
detailed discussion of the extent and nature of each relationship and
its usefulness for prediction purposes is given. A comparison of the
errors in prediction in the 'test' soils end in the soils used to

derive the relations is also given,
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I. INTRCDUCTION

It has long been recognized that s il physical constents are
related, qualitatively at least, to soil physical components. Field
capacity, permanent wilting percentage =nd moisture retained at various
tensions are known to incresse as percentage of fine perticles in the
s0il increeses. Apperent density is known to decresse as the percent—
age 0of cley and orgenic maetter iﬁcrease.

The purpose of the present study was to determine; (1) the
extent and nature of the relstiounship of soil components to eech soil
physicel constent; (2) the usefulness of esch relationship for pre-
diction purposes.

The soil physical constents measured were epparent density,
field cgpacity, permenent wilting percentage, available moisture (dry
weight besis), aveileble moisture (volume fraction) and moisture re-
tained ot 1/4, 1/3, 1/2, 1, 3, 7 and 15 atmospheres tension.

De Leenheer and Van Ruymbeke ( 4 ), working in the Belgian Sea Polder
Area found thst those components which affect the values of some soil
physicel constants were silt, clay, orgenic mstter and calcium cerbon-
ate. In the present study it was felt thet in sddition to these, fine
sand snd very fine send could possibly have an effect on some of the
soil physical constants. Therefore the percentage of fine sand and
very fine send es well as silt, clay, orgenic metter snd cslcium

carbonate were used as independent vari sbles.



II. REVIEW OF LITERATURE

Apparent Density.

Apperent density may be defined as the weight of ovem=dry soil
per unit volume. It is zlso sometimes referred to as "bulk density"
or "volume weight".

There are three main methods of determining epparent density.
These ere (&) by determining the volume snd the weight of & soil freg-
ment from the field, (b) determining the volume of a hole from which a
weighed asmount of soil is taken and (c¢) weighing the =0il teken from a
hole of standard dimension. In all cases a correction must be made for
the moisture content of the soil. In the first method, determination
of volume is usually done by coating the s0il fragment with wax and
weighing it in air end weter. In the second method, the volume of the
hole mey be determined by meesurement, or by filling the hole with
some liquid or grsmular s01id of known density. The third method ine
volves the taking of cores of specific dimensions. A wide variety of
core samplers varying in diameter and height have been used.

The determination of apparent density is a very time consuming
process. If one could predict the apparent density from soil compon-
ents a considerable amount of time would be saved.

De Leenheer end Ven Ruymbeke ( 4) attempted to relate apparent
density to soil components on 114 ersble land end 82 meadow samples.
As a starting hypothesis they assumed thet percent clay (<.002mm.},

percent silt (.02 to .002mm.), percent coarse silt (.02 to .05 mm.)},




percent CaCOs, percent organic matter, pH, total cation exchange
capecity, percent water at sempling, and all the interactions of the
above were related to apparent density. )

| The first step in their calculations wes to determine by cor-
relation anélysis the varisbles which were "truly independent®. If
the correlation coefficient between two variables was grester then
0.70 they assumed that the two variables were dependent on each other,
and one of them was excluded from subsequent caslculations. The second
step was the celculetion of the partial correlstion coefficient for
sech of the independent varisbles versus apperent density. If the re-
sult wss lower than 0.22 for meadow soils and lower then 0,195 for
arable soils, the corresponding independent variable waes also elimin-
ated. Finsally, the multiple regression equation for aspparent density
was calculsated.

The equations predicting ayparent density (A.D.) obtained by

De Leenheer and Ven Ruymbeke, together with the values of the coeff-
icient'of multiple correlation (R) and the stendard error of estimste
(See) are giﬁen below:

Meadow Soils (&2 samples)

A.D.,S1.78336 = 0.004239 (%clay) - 0.080432 (% O.M.) (0.1)
~0.007612 (% Hp0)
(R=0.9866, Sg=0.0677)

Arsble Soils (114 samples)

4.D.=1.660878 - 0.001386 (%elay) - 0.00775 (CaCOz) (0.2)
~0.082113 (% 0.M.) - 0.002443 (% Hz0)
(R=0.8249, 54470.0727)
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From the relatively high values of the correletion coefficients
end the relatively low vslues of the standerd error of ectimeste one cen
conclude that the relationship between soil components end spparent
density is quite good. The reletionshipr is slightly better in the
meadow soils then it is in the arasble soils,

Field Capacity.

Veihmeyer and Hendrickson (21) defined field cepacity as the
smount of wster in the s0il after the exeess water had drained away
end the rate of downward movement of weter had materially decreased.
This condition is usuelly resched within two or thres days afier a
rain or irrigetion in pervious soils of uniform structure and texture.

The most important feactors affecting field capacity are soil
texture, uniformity and depth (21). If a fine textured soil overlies =a
coarse so0il, the zone immediately above the coarse layer will have a
higher field cepacity than it would have if it were uniform throughout.
Also a shallow soil holds more water per unit depth at field cspacity
than a deep soil of the same texture.

One cen reedily see that fisld cepacity is not a well defined
soil constant. It is affected by fectors other then soil components.
Therefore, one would expect that soil components would not be related
as closely to field capacity es they would to permanent wilting
percentage.

De Leenheer and Ven Ruymbeke {4) tried to predict field

capacity (F.C.) from soil components. Their equations are as follows:



(4]

Meadow Soils

F.C.=4.43511 £ 0.517699 (% clay) # 0.172224 (% coerse (0.3)
silt) # 1.635418 (% O.l.) # 0.147961 (% CaC0s)
(R=0.9057, see=5.0665?

Arable Soils

F.C.=0,290655 £ 0,400696 (% clay) # 0.262886 (% coarse (0.4)
silt) # 3.224689 (% O.M.) # 0.42686 (% CeC03)
(R=0.9155, Sgeg=4.5311)

The correlation coefficients show a c¢lose relationship between
field capacity and soil components. The standard errors of estimate
show that there may be considerable error in soils with a low field
capacity, howeve{.

Richards end Weever (19) first suggested the vse of the 1/3
atmosphere percentage as an spproximation of field capacity. They
assumed that the moisture equivalent was close to field capacity and
related the 1/5 atmosphere to moisture equivalent. They found that the
1/3 stmosphere percentage was equal to moisture equivelent in most
cases.,

Haise et sl. (b) working with Great Plains soils of Montena

found a highly significently correlation between field capacity and the

1/5 atmosphere percentage. Their equeations are given below:

0-12" F.C.T7.6 £ 0.619 (1/3 stm %)  (r=0.931%%) (0.5)
12-24" F.C.55.9 # 0.565 (1/3 atm %)  (r=0.962™7) (0.6)
24-36" F.C.Z6.4 £ 0.531 (1/3 etm %)  (r=0.943%%) (0.7}
B6-48" F.C.5.9 £ 0.481 (1/3 stm %)  (r=0.917°%) (0.8)
48-60" F.C.Z4.7 ¢ 0.513 (1/3 atm %)  (r=0.919%%) (0.9)
60=72" F.C.=4.6 # 0.518 (1/3 atm %) (r=0.886"*) (0.10)

**significant et 1% level




)
The correlation coefficients indicate thet, except for the last
depth, there is close relationship between field capacity and the 1/5
atmosphere percentage.

Permenent Wilting Percentage.

Permanent wilting percentage has been defined by Veihmeyer and
Hendrickson (22) es the lower limit of readily aveilable moisture. It
is the moisture content of a soil when plents permenently wilt. Further
extraction of water does not cesse. However, the moisture content when
plotted against time gives curves that sre almost horizontal after
permanent wilting percentege has been reached.

Veihmeyer end Hendrickson (1) found that the permenent wilting
percentage corresponded quite well to the minimum moisture content
attained in & cropped field. Plants reduce the moisture countent to a
minimum which is slightly below the permanent wilting percentage.
However, the difference is very anall.

Hendrickson snd Veihmeyer (7) showed that the permanent wilting
percentages were the same whether the determinations were mede using
plants with a single leaf or e peair of leaves or whether large or small
containers were used., They also found that small chenges in temperature
had no effect on permenent wilting percentege.

The above stetements indicate that permenent wilting percent-
age is a ressonsbly well defined constent and is characteristic of the
soil irrespective of the test plant or the envirommental conditions of

the determination. Since this is not true of field cepacity, a closer




reletionship to soil components would be expected from permsnent
wilting percentage.

The equetions predicting permenent wilting percentsge (F.W.P.)
from soil components obtained by De Leenheer snd Ven Ruymbeke (4) are
as follows:

Meadow Soils

P.W.P,=1.62705 # 0.440577 (% clay) # 0.116234 (0411
(% CaClOz) # 1.006603 (% O.M.)

(R=0.9437, Sgg=2.7242)

Arable Soils

P.i.P.=0.66166 £ 0.363627 (% clay) # 0.044663 (% coarse (0.12)
silt) # 0.199028 (% CaC0z) £ 0.849308 (% O.M.)

(E=0.9658, Sge=1.6805)

As indicated by the higher correlastion coefficient and smaller
stendard error of estimate a closer relationship exists here then in
the csse of field capscity. However, as in the case of field cepacity,
the standard error of estimate appears quite lsrge for soils of low
permanent wilting percentage.

Hutcheon (9} obteined a correlation of 0.956 between percent
clay and permanent wilting percentage, end a correlation of 0.758
between percent orgenic matter snd permsnent wilting percentage. The
multiple regression equsation predicting permanent wilting percentage

from clay end orgenic matter obtained by Hutcheon is as follows:

P.W.Pa=0.1 # 0.245 (% clay) # 0.856 (% O.M.) (0.13)
For the same =o0ils used to determine the relation, the permesnent

wilting percenteges were calculated from the equation. These were
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compared with the observed values. In almost all ceses the celculated
and observed values were found to agree to within 2 percent.

Richards and Weaver (19) studiéd the tension with which soil
moisture wes held at permanent wilting percentage. They concluded
thet on the averasge the moisture retained a% 15 atmospheres tension
(F.AP.) was the best estimste of the permanent wilting percentege.

Since then a number of.relationships between permanent wilting
percerntage and the lb-atmosphere percentesge have been determined.
Richards and Wedleigh (18) obtained the regression equations relating
permanent wilting percentage (P.W.P.) first permenént wilting percent-
age (F.P.W.P.) end ultimate wilting percentage {(UJW.P.} to the
1b~atmosphere pesrcentage. The soil was assumed t0 have resched the
first permanent wilting percentage when the lower leeves of the
sunflower plent had wilted. The criterion used for the ultimate
wilting percentage waes the wilting of the upper leaves. The equetions

obtained are given below:

PW.P.=0.85 £ 0.96 (F.AP.) {0.14)
F.PW.P.=1.50 £ 1.022 (F.A.P.) . (0.15)
U.W.P.20.36 £ 0.863 (F.A.P.) (0.16)

Lehsne ard Staple (13) determined the ultimate wilting percente-
age end related it to the lb-atmosphere percentage. Their equetion is:

U.W.P.=0.35 £ 0.833 (F.AP.) (r=0.995) (0.17)
This equation is very similar to the one obtained by Richards angd

Wadleigh for ultimate wilting percentsge.
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Heinonen (6) determined the permsnent wilting percentsge using
tomatoes as the test plent. He found theat this permanent wilting per=~
centage was related toc the lb-~atmosphere percentage by the equation:

P.W.P.=1.15 (F.AP.) # 0.83 (r=0.99) (0.18)
From this equation Heinon concluded that the permanent wilting
percentage as determined by the tomato plent method corresponded guite
closely to the first permanent wilting percentage as determined by the
sunflower method.

Wilcox (R4) showed that the relationship of the first perman-
ent wilting percentege t0 the lb-aimosphere percentesge could be
expressed by the following equation:

F.P.i.P.=0.662 # 1,016 (F.A.P.) (r=0.99, Sge=0.50) (0.19)

Haise et al. (5) used the 'minimum point' as & measure of per-
menent wilting percentesge. The minimum point was defined es the mean
of the lowest moisture percentages at a given depth on a cropped field
over a8 period of years. The regression equations relsting the 156~

atmosphere percentege to the minimum point (M.P.} are given below:

0-12" M.P.=0.9 # 0.631 (F.A.P.) (r=0.93 M) (0.20)
12-24" M.P.=0.2 # 0.758 (F.A.P.) (r=0.968""") (0.21)
24-36" M. P.=0.2 £ 0.791 (F.A.P.) (r=0.952"%) (0.22)
36-48" M.P.=0.8 £ 0.804 (F.A.P.) (r=0. 921"‘*‘) (0.23)
48-60" W.P.=0.2 £ 1.01 (F.A.F.) (r=0. 910?" o) (0.24)
60-72" M.,P.=2.5 £ 0.886 (F.A.P.) (r=0.750%%) (0.25)

Haise et al, concluded from the above resulis that the field

determined minimum point in the second and third foot corresponded

**significant at 1%
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quite closely to the ultimete wilting percentege. They attributed the
lower velue of the correlation coefficient in the sixth foot to
limited root distribution et this depth.

Available Moisture.

Available moisture expressed on & dry weight besis is the
difference in the moisture contents at field capscity and permanent
wilting percentege. When this figure is multiplied by the apparent
density the percentage available moisture on a volume basis is obtained.

Hill (8), working with soils ranging from loamy send to silty
clay loam in texture, found 2 highly significant correlstion between
the available moisture holding cepscity by volume percent (MHC) end

- the silt content. The following regression equetion was obtained:

AHC=6.5 £ 0.26 (% silt) - (r=0,73) (0.26)

This relationship was lineer indicating thet AVHC igs s linear function
of the silt content.
Hill found that cgpiliary porosity as well as silt content was

significently related to AMHC. The regression ecuation is:

AHC=-3.41 £ 0.12 (% silt) # 0.41 (% cepillary porosity) (0427),

(r=0.81)

Hill tested the regression equations that he obtained on soils
other than the ones upon which the regression was based. He found thet
the largest error was about 5 percent while most errors were about
2 percent.

Wilcox end Spilsbury (25) found that the aveilsble moisture

holding capacity was significantly correlsted with the silt and cley
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content. Soils cshowed zn increacse in evai lable moisture up to a
¢olloid concentretion of 60 percent (colloids included all particles
less than 0.02 mm. in size). Soils with & colloid concentration
grester then 60 percent showed no further increase in availsble mois-
ture. This was due to the fact that as & soils becane finer in tex-
ture, the field cspecity incressed at & decreasing rate, whereas the
permenent wilting percentage increased at en increesing rate, When a
colloid concentretion of 60 percent was reached the permanent wilting .07
percentage was increasing just as repidly as the fiéld capacity, so
that the difference between them tended to remain constant or even to
decrease.,

Wilcox and Spilsbury also found e highly significant.nagative
correlation (r=-0.855) between availsble moisture and the sand content.

Jamison (10} =nd Jamison snd Kroth {11) found thet the eveil-
able moisture holding capacities of some silty soils of Missouri was
primarily related to the total silt content. Their results showed that

- this capacity actually decressed as the cley percentege increased.

Orgeanic matter incressed the avel leble moisture holding cepacity ounly on L
very sendy soils.
Jamison and Kroth {11l) found that coarse silt (0.05 to 0.02 mm.)
incressed the availeble moisture hold ing cepscity more than fine silt
(0.02 to 0.00% mm,). Aveileble moisture incressed generslly with

orgenic metter content. However, in the soils used, orgenic matter in-

creased with Cosrse silt and decreased with clay. Therefore, the effect
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of organic matter was masked by textural chsnges. Only in 2 grouping
of soils between 13 end 20 percent clsy was there evidence th@t orgenic
matter incressed the available moisture. It was suggested that in
these soils, silt-sized micro-aggregetes formed the clay and orgenic
matter.‘

Lund (14) and Bartelli and Peters (2) elso found that aveile
gble moisture was correlated W}th silt content but not with the clay
content. 1und found thai orgenic matter increased the sveilable
moisture only in sandy soils.

Soil Moisture Retention and Soil Components.

The relation of soil components to moisture retained =t
various tensions in the rasnge of aveailsble moisture has not been
studied as such, however, meny investigeators have related the 15-
atmosphere percentage to soil components.

Nielsen and Shaw (15) releted particle size distribution dats
obtained by the hydrometer method to moisture retained st 1 5-atmosphere
tension. They found e highly significant correlation (r=0.808) between
Percent clay end the lb6-atmosphere percentege. When the percent silt,
sand and clay were related to the lE~atmosrthere percentsge the coef=-
ficient of multiple correlstion wes 0.815. This was not significantly
different from the sipple correlestion coefficient between the 15-atmos-
Phere percentage and percent clay. Nielsen and Shaw slso found & highly

significent negative reletionship between percent s=nd end the

15-atmosphere percentege,rf«=0,537. Lund {14) found =2 highly significant
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correlation, r=0,932, between the clay content end the lt~atmosphere

percentsge.




ITI. MATERTIALS AND METHODS

Apparent Density.

Apparent densities were determined by boring a hole approxim-
ately 4 3/8 inches in dismeter and 5-7 inches deep with a post hole
auger and by weighing the soil removed from the hole. To obtain the
volume of the hole the depth and diameter were measured with & ruler
and cealiper, respectively. From the soil removed from the hole a
representative sample was taken for moisture determination. Using the
moisture content of this sample the dry weight of the soil taken from
the hole was calculated. The dry weight divided by the volume of the
hole yielded the spparent density.l

Four replicetes of the apparent density were determined in each
of three horizons at each site.

Field Capacity.

For this determination a five~foot-square area was flooded with
enough water to thoroughly wet the soil to a depth of four feet. After
all the water had infiltrated, the plot wes covered with polethylene
to prevent eveporation. Three days leter four soil sesmples from each
of three prreviously determined horizons were tsken from a three-foot-

square ares in the centre of the plot.2 The soil semples were dried

lphis method was tested sgainst the sand cone method {ASTH,
Procedures for Testing Soils. 1958, pp 422-.426.). Analysis of the
deta showed there was no difference between the "muger" method described
gbove, and the sand cone meithod.

2In the first two years of the experiment, samples were taken,
at 3 6 and 9 days after flooding. Anslysis of veriance of the data
showed thet there was no significent difference in moisture content at
the three sampling dates. Therefore, in 1963, samples for field
capacity were taken only once, 3 or 4 days after flooding.
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a2t 110°C and the moisture content was calculated on en oven-dry basis.

Fermanent Wilting Percentage Determinations.

Wilting percentages were determined by the sunflower method as
outlined by Lehane and Staple {13). The wilting of the upper leeves of
the sunflower plant was used &s the criterion of wilting.

Determination of Available Moisture.

The percent available moisture on a dry weight besis weas
obtained by subtracting the moisture content at permenent wilting
nercentege from that et field capacity. Available moisture on a volume
basis was calculated by multiplying the percent available moisture
(dry weight besis) by the apparent density.

Moisture Eetention Data.

Moisture retention data were obtained by using the pressure
plate and the pressure membrene apparatus as outlined by Richards (17},

Particle Size Analysis.

Particle size anelysis was determined by the method outlined
by Kilmer =nd Alexsnder (12).

Organic Matter,

Crgenic matter was determined by the chromic acid oxidation
method outlined by Peech et al. (16).

Cealcium Carbonate Leterminations.

The method used was a modificstion of the methods given by
Adems (1) end by Weynick (23). 4 .5 gm. sample air dry soil (< 2mm)
was digested for 10 minutes in 100 ml., of 1:0 HCl solution. The carbon

dioxide evolved was drawn by suction through a drying and asbsorption




16

train consisting of concentrated HgpS0,, e tube of Dehydrite and CeCly.
The carbon dioxide was adsorbed by the Ascarite in & Nesbitt tube. The

weight of carbon dioxide multiplied by 2.27, i.e. (f0rmule weight CeCOg)
(formula welght COp )

gave the weight of CeC0y equivalent in the sample.

Statistical Analysis of the Data.

In this study, percent fine sand (.25 to .1 mm.}, percent very
fine sand (0.1 to 0.05 mm.}, percent silt (.05 to .002 mm.), percent
clay (less than 0.002 mm.), percent orgenic matter, percent CaC0; end
percent fine plus percent very fine send were used as independent
varisbles.

The first step in the cslculations was to determine which of the
independently variables had a high mutual correlation coefficient. If
the correlation coefficient between any two variables was greater than
0.70 it was assumed that they were not 'truly independent' and one of
them was eliminsted. By multiple regression analysis the 'truly
independent' variables were then related to the dependent variables.
(See Table 1 for list of independent and dependent variables).

The 't' value of each regression coefficient was calculated and
compared with the Qritical 't' values at the 5 and 1 percent levels of
probability. Independent variables which did not make a significent
contribution to the relationship at the 5‘percent level were deleted.
Only those variables which contributed significantly to the relationship

were included in the fineal multiple regression enalysis.
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TABIE 1

LIST OF INDEPENDENT AND DEFENDENT VARIABLES

Dependent Variables Lbbrevietions
Apparent denSityeececccecccasancnscasscssnsesone &.De
Field Car8Citycoesceeesscnssescesanessncsoasosons F.C.
Permanent wilting percentage.e.ccecerssscscsscanss P.W.P,
Aveailable moisture = dry weight percenteg€isecess AdMJP.W,
Aveaileble moisture = volume fractioNeisecscececes AJdIV.H,
1/4 atmosphere DEerCENtagEecseseessrscnansssscnans 1/4 - atm %
1/3 atmosphere DErCentage.c.veecsssaceneascancss 1/3 = atm %
1/2 atmosphere percentage..scescscscesscoasscssne 1/8 - atm %
1 stmosphere PercentefCessscsssceessorsasccncs 1 =~eatmpb
3  8imOSpPhere pPerCentagCesccesecccssosssosscscen S - atnb
7  otmOSPhere PercCentege..ccececcccssssscvcsssnse 7 - atm %
16 atmosphere percentegCeececscccscessossssnccccs 15 - a2tm %

Independent Varisbles Abbreviations
percent £ine SalG...eecesossccecososesesscascasae % T.S,
percent very fine S&n0eeceeescossssosscsocasascscs 7o VeFoS,
percent Silbecsceseosseessssscorssssesasnssesnnas 7o silt
PErcent CloYeeeeossossssaccssssstssoosaccsssossss % clay
percent orgenic mettercecescscecoscnscconccssssos % C Wi,

o

percel‘lt 03005|cou-ocoo--‘oao-neoo.ouoﬁe‘ooe.cooo /D 08005



18

The date for 94 soil samples used in this study were divided
on a profile basisl into five texturel groups. In each textural groug,
en eguation ineliuding all those independent variables significent in all
soils was derived for each dependent veriable. The five textural groups
are similar to those outlined by the U.S.D.A. soil survey staff {20} snd
are as follows:

Coarse textured - sand, loamy sand.

ifoderately coerse textured - sandy loam.

Medium textured - loem, silt loam, silt.

Moderately fine textured -~ clay loam, sendy clay loam, cilty

clay loam,

Pine textured -~ sendy clay, silty cley, clay

In the case of erperent density a separate regression eguetion
was derived for each of the 4, B and C horizons.

Simple regression =malyses were Cerried out relsting field
capacity to the 1/5 gtmosphere percentege, and permsnent wilting
percentege to the lb-atmosphere percentege. The relationship of the
1/5 atmos phere percentage and its square to field capacity wes also
determined. Likewise, an equetion relating the 1/3 atmosphere

percentage and total porosity to field capacity was calculated.

Testing of Eguations.

In 1964, six sites were selected in the Dauphin area, an ares
thaet hed not previously been investigated. The determinetions made on

these soils were the same as those outlined for the =0il samples on

lThe profile was placed in the itextural group in which the
majority of its horizons occured,




which the régression equations were based.

For the purpose of prediction the ™ALL SOILS COMBIINEDM
equetions containing only those verisbles which contributed
significantly to the regression were used. A comparison between
predicted end actual values wes made. Then, the averege error of the
prediction for each dependent varieble was caliculsted in order to

evaluate its precision.
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Iv. RESUITS AND DISCUSSION

Correlation Anelysis,

The results of correlation anslysis are presented in the
form of = correlation matrix in Table 2. ZExamination of the table
shows that correlation coefficients greaster then 0.70 were obteined
between % FoS. £ % V.F.S. and % V.F.S., end between % F.S. £ % V.F.S.
and % silt. Therefore % Fu.S. # % V.F.S. was considered dependent on
% V.FeSe end % silt. As it was not e 'truly independent' verisble it

was not used in subseqQuent regression enalysis.
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CORRELATION MATRIX OF INDEPENDENT VARIABLES
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APPARENT DENSITY

Equeation (1.1), Teble 3, shows the relationship between
apperent density and the independent vsrisbles fine sand, very fine
send, silt, clay, CaCCy end organic matter. Since the 't' velue of
the regression coefficient of fine sand was not significant, fine sand
was eliminsted as an independent variable. The remaining independent
variasbles were used t0 derive regression equation (l.2). The '"t!
values of the regression coefficients in equstion (1.2) show that all
the veriebles contributed significantly to the regression. ZEguation
(1.3) illustrstes the effect of the inclusion of the interactions
(%silt)(% Cudis), (% clay}{% CaG0,) end (% clay (% O.Ji.) on the
significance of the varigbles used in equation (l.2}). In equation (1.3)
it cen be seen that the regression coefficients of (% V.F.S.),

(% silt), (% CaCOL), (% silt )(% O.l.) end (% clay)(% CaC0,) do not make
significet contributions to the regression.

Equation (1.7) was obtained by progressive eliminstion of
var_iables not contributing significantly to the regression in equations
(1.4) to (1.6). The independent variables used in equation {1l.7) were
(% clay), (% CuMd) end (% clay)(% Oee).

In equations (l.2) and (1.7) the coefficients of determination
are 0.626 and 0.616, respectively. Thus by deleting three variables
from equation (1.2} and adding the interaction (% clay )(% O.k.) there
was a reduction of only one percent of the twtegl sum of squares

attributable to regression. The standard error of estimate is the



TABLE

REGRESSION EQUATIONS

»
e
.

Eqn.o ; - ¢ I N . 2 .
0o EQUATIO : :See PR
(1.1) A.D.S 1.82034 - 0.0019696(%F.S.) = 0.0028252(% .F.S.0.105°0.640:
- 0.0036426(%silt) - 0.00383696(%clay) : : :

- 0.037586{ %0 ki }40.00172477{%C2C03) : : :

(1.2) AD.= 1.69776 - 0.00166417(%V.F.S.]) :0.106:0.6263
- 0.00240901(%silt) - 0.00266326(%clay ) : : :

- 0.0377287(%0.M.) # 0.00162833(%CaCC3) : : :

(1.3) AD.= =9.28179 # 10.94586(%V.F.S.) :0.10550.641:
: - 0.0000654(%silt) = 0.00472195(jcley) : : :
- 0.0615163(%0.M.) # 0.00121549(CaC0y) : : :

- 0.00041064(%silt) (%0 . ) : : :

# 0.00106106(%cley ) (%0 .. ) : : s

# 0.000002505( %clay ) (#CeC03) - : : :

(1.4) AD.= =9.3399 # 11,02126(%V.F.8.) :0,106:0.635:
- 0.0009478{%silt) - 0.0042589(%cleay ) : : :
~0.07206599(%0 .M. ) # 0.00127168(CaC03) : : :

£ 0.00092902( %eley ) { %0 M. ) : : :

(1.5) A.D.= 1.68130 - 0.000947817(%silt) :0.105:0.6343
- 0.0042585(%clay ) - 0.07206249(7%0.M.) 5 : :

£ 0.00127174(%CaC0x) # 0.0009283{ %clay J(#0.M.) s : :

(1.6) A.D.S 1.671378 = 0,0047375(%clay) , :0,105:0.625:
- 0.0758084(%0 8. ) #£ 0.00101254(%cley ){i0dis) 3 : :

£ 0.00099286(%CaC03 ) : : s

(1.7) AJD.= 1,69687 = 0.,004861597(%clay) :0.10630.616

- 0.0800295(%0 .M. ) # 0.0010921(%cley)(7%0 M. ) : :

o
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FOR APPARENT DENSITY
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H t values for regression coefficients
: : : s : : s(%silt )s(%cley)s(% clay)
: : . H : : : X : b'e :

X
2% FuSe il V.F.S. sksilt ;%~clax:% 0 M. :5Cal03:{ 00, )3 (%0 i, ) : (%2aC03 ) s

5.20%% .3.60% .5, 727

e

s 1.84 : :8.47%%. 2 55 7% : : H
H H  mm - : W H ‘ **3 ** H H :
; s 2.5 :3.18%5.52  i6.40 :2.36 : : :
: H H H e H H H ) **:

: s 0.11 0,07 :3.62 :4.07 :0.94 ; 1.18 :3.20 s V.07
: P : : P Y : s ¥k s
: s 0.10 $1.48 34.00 :6.10 51.83 :3.04 : :
: s : H * 2 * %* : : e H
: s :1.49 :4.01 :6.15 ;1.84 :3.06 7 :
s 3 : : H : : : H :
H H H H ‘**: o B> H . )**: H
s : H :4.66  :6.57 :1.48 ¢ 13.36 : :
. . H H ) ;“3 “‘.: H H 'Y 23 :
: : : 14,75 :7.10 ¢ : :3.64 :

ae se s

*¥ S ignificant at 1%




same for equetions (1.2) and (1.7). It wes felt that the incressed
simplicity of equation (1.7) was well worth the sacrifice of one percent
in the sum of squares due to regression. Also, equetion (1.7) sllowed =
study of the relation between spparent density =nd sggregation ( repre=-
sented by the interaction of (% clay}(% O.M.)). For these reasons
equation (1.7]) was givén preference snd it is the one which is
subsequently discussed.,

Equetion (1.7) is as follows:

A.D.51.69687 = 0.004861697 ¥ (% clay) (1.7)

-0.0800295™F (% 0..) £ 0.0010502% ™ (% clay)(% 0.1.)
(820.794"%, 5,4,70.106)

According to the equetion & soil having no clay or orgenic
matter would have a density of 1.69687. The coarse-textured soils
heving an average clay of sbout 10 percent used in the present study
have &n averasge apparent density of 1.59 (Appendix I, p. 7 ). ihen
the clay content is accounted for, this value is not too fsr from the
value of the constant. Thus, the vaelue of the constant appears to be
quite reasonsble for séils in which the sand frection predominates.
When the effect of clay is accounted for in medium textured soils, their
meean density is close ® that of the constsnt. This shows that the
constant is &l s0 acceptable in soils in which the silt fraction
predominates.

Perhaps the most interesting feature of equetion (1.7) is the

*Xsignificent at 1%
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relatively high value of the regression coefficient of organic matter
(-0.0800295), This meens that if the orgenic metter content were
increesed from zero to 10 percent, the sppaerent density would decresse
by 0.8. This is a rather large reduction. The regression coefficient
of orgenic matter is ebout twenty times that of clay and sbout eighty
times thet of the interaction of clay and organic matter. The 't
values of the regression coefficients of organic metter, clay and the
interaction of clay and orgenic matter are 7.10, 4.75 and 3.64,
respectively and indicete that all the coefficients are significent at
the 1 percent level. One cen conc lude, thersfore, that organic matter

is by far the most important factor governing the epparent demsity of

Probsbly one resson why gpparent density is affected so
greatly by organic matter is that the density of organic metter is
considerably lower than that of other soil components.

Equetion (1.7) shows that the regression coefficients of
clay and organic matter are negative. This is 10 be expected since
the densities of both clay snd organic metter are lower thean those of
other soil components. However, it is interesting to note that the
coefficient of the interaction of cley end organic matter is positive.
This interaction probebly represents the formstion of sggregates of
clay and orgenic matter. It appears, therefore, that for the soils

used, the formation of aggregetes increased the apparent demsity. This

is contrary to the common belief that sggregation increases porosity and



therefore, of necessity decreases the spparent density.

The standard error of estimate of eguation (1.7} is 0.106.
This means that 87 percent of the time the reesl velue of the apparént
density will be in the range of f_O.lOG of the predicted velue. This
error does not appesr to be excessively large when one considers that
the standard deviation of density meesurenents by the z2uger metihod was
about 0.0581.

The equations obtained when the dats was separated into text-
ureal groups are presented in Teble 4. The equation for moderately
coarse textured soils is different from those of all the other textural
groups. However, with the exception of this group, the tsble shows the
following genersl trends:

1. The standard error of estimete increases &s the percentage
of finer separates in the soil incresses. Thus the prediction of
anparent density becomes less sccurate as the percentage of finer
separetes incresses,

2. The interection of clsy and orgsenic matter has the
greatest effect on density in coarse=textured soils. In medium,
moderately fine sud fine textured soils the effect of this interaction
is epproximetely the sane.

3., The statements msde asbout the intersction of clay and

orgenic maetter slso apply to clay.

‘This was the meen stendard devistion of the density measurenents
taken in 1964, It is probsbly 2 good estimate of the stendard devia-
tion of density measurements tsken in the other three yesrs of the
experiment.




TABLE 4

RFGRESSION EQUATIONS FOR APPARENT DENSITY (TEXTURAL GROUPS)

Textural :No. of 3 : : :: t. valueg

Group  :sampless EQUATION : R 3 See s Py 3 Doz D3
Coarse : 12  :A.D.= 1.941068 - 0.0282063(% clay) $0,929%%:0,076:2.71% 12,03 :1.04
textured ¢ : - 0.146252(% 0.M.) : : : : :

: : + 0.00673449(% clay)(% 0.M.) : : : : :
Moderately: 12 tA.D.= 1.43227 + 0.0032879(% clay) $0.553 :0,075:0.39 :0.51 :0.77
coarse : : + 0,0362757(% 0.i.) : : : : :
textured @ : - 0.003229336(% clay)(% 0.i.) : : : : :

: : _ 3 Jort : H * ¢
Medium : 17 :AJD.= 1.682 - 0.0070%63(% clay) 10,888 :0,071:1.55 32,91 :1.28
textured 3 : - 0.0%88030(% 0.M.) : : : : :

: : + 0.0017353(% clay)(% 0.d.) s : : H :

: : : “3 : : K H
Moderately: 33  :A.D.= 1.8104 - 0.00830245(% clay) 10,7607 :0,121:1.97 :2.10 31,02
fine : : - 0.094216(% 0.H.) : : : : :
textured 3 : + 0.001436(% clay)(% 0.M.) : : : : :

me 2 iape | R AR
Fine : 20 3A.D.= 1.8502 - 0.00723537(% clay) 20,790~ 30.,108:2.28 32,47 31.82
textured @ : - 0.1135%3(% 0.M.) : : : : 3

: : + 0,001835(% clay)(% 0.1.) : s : : :
A1l soils : 94 :A.D.= 1.69637 - 0,0048616(% clay) $0.794%%:0,1062 .75 *:7.10%%: 3,6/ **
combined ¢ : - 0.0200295(% 0.M.) : : : : s

: : -+ 0.0010902(% clay)(% 0.M.) : : 3 : :

H H H H b H }

*gignificant at 5% level
*¥gignificant at 1% level

L2
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4. The regression wefficients of organic matter do not very
as much as the regression coefficients of the other two independent
variables. The influence of orgmic matter on apparent density does
not vary greatly with texture.

The 't' values of clay and orgenic matter in fine tfextured
soils are 2.28 and 2.47 respectively. This indicates thast the close-
ness of the relationship of eesch of orgenic matter and cley to apparent
density is approximately the same in this textural group. This is also
true of moderstely fine textured soils, except that the 't' value of
clay is not significant. In the other textural groups, one of the
components is more closely related to avparent density then the other.

The 't' velues of the clay-organic matter interaction (of
which none are significant) seem to indicate sn increasing importence
of the interaction from coarse to fine textured soils.

Teble 5 shows the equations obtained when the data were
grouped according to horizons. Eguation (1.13), predicting the
apperent density of the A horizon hes the highest correlation
coefficient and all three regression coefficients in the equstion are
significent. This result indicsetes & very close reletionship between
soil components end epparent density in this horizon.

Bquation (l.14) used in predicting the apperent density in the
B horizon, has a highly significant correlation coefficient and

significant regression coefficients for clay and organic matter. The

regression coefficient of the interaction of cley and organic matter,



TABILE &

REGRESSION EGUATIONS FOR AFPPARENY DENSITY (HORIZONS)

sNo. of s j : : : v values
Horizon ssemples: EQUATION : R :see H 731 : Pg , Dy
(1.13) A : 33 :A.D.= 1,76191 - 0.006636(%clay) £0.780%%;0,0963:2.56* :4,46"%;2,027F

: s - 0.0864a5(b..) : : : : :

: : # 0.0012706(%clay)(% 0.M.) : 3 : : :

H H _ , » H ks H » ° P
(1.14) Bz 33 :A.D.5 1.74659 - 0.0093688(%clay) 10,685 30.118:2.64 12,85 :2.18

: : - 0.118328(%0.M. ) : : s : :

: : # 0.00290057( %c lay ) (%0.M. ) s : : : :
(l.15) € = 28 :4A.D.= 1.72407 - 0.0026051(%cl ay ) :0.65¢**=0.094:o.96 12,06 30.62

3 : ~ 0.14475(%0 M. ) , : s 3 s :

: : # 0.001010495(%cLay )0 .M. ) : : : : :
(1.7] A11: 94 :A.D.= 1.69687 - 0.0048616(% cley) :0.794%% ;0,106:4.,75°%57,10%%; 5, 64 2k
Horizons : : - 0.0800295(% 0.M. ) : : : : :

: : £ 0.0010902(% clay)(% 0.M.) : ; : : :

* significent et 5%
*%significent ot 1%

672



however, doegs not meke & significant contribution to the regression.
Thie ¢an probably be attributed to the low orgeanic metiter in the B
horigzon, resulting in the lack of enprecieble sggregstion.

Equetion (1.15), predicting apperent density of the C
horizon, has 2 highly significant correlation coefficient. However,
none of the regression coefficients are significant. There appears to
be no apparent explanstion for this.

On comparing the regression coefficients of orgsnic matter
it is seen that there is a greater decrease in apperent density for a
comparable increasse in orgenic matter on going from the A to the C
horizon. No explanation can be offered for this either.

To facilitate comparison of the equation obtained in the
present investigations to that obteined by De Leenheer and
Van Ruymbeke (4), these equetions are given below.

AD.S1.69687-0.004861597 (% clay) (1.7}

-0.0800295 (% 0.M.)#0.0010902 (% clay){% O.di.)
(R=0.794, S,¢=0.106)

A.D.Z1.660878-0.001386 (% clay)-0.0032113 (% O.id.) (0.2)
=0.00775 (% CaC05)=0.002443 (% Hy0)

(E=0.8249, Sge=0.0727)
The ways in which equation {0.2) {De Leenheer and Ven
Ruymbeke) and equation (1.7) (present study) differ are:
1. The percentage moisture at sampling was not included in
regression enalysis in the present study and therefore the (% Hgo) term
is not present in eguation (1.7},

2. In equation (1.7}, the interaction of clay and orgeanic
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matter comtributed significently to the regression., This was not the
case in equstion {0.2) derived by De Leenheer and Van Ruymbeke .

3., De Leenheer and Van Ruymbekes found thet CaC0z was
significently relsted to apparent density. This was not the case in
the present study.

As indiceted ebove, the relationship of soil components to

spperent density is different in the two groups of soils.



FIELD CAPACITY

aj Eelation to Soil Components.

The independent variables found to be contributing significently
t0 the regression equstion predicting field cepscity were silt, clay and
organic matter. The regression equation is:

F.C.S11.47607 £ 0.11708 (% silt) (2.1)

£ 0.25400%% (% clay) £ 1.16457%™ (% 0.M.)
(R=0.879%, 5,,=5.73)

The relatively high value of the correlatién coefficient
significent at the one percent level of probability indicates thet &
close relationship exists between field capacity and the soil compon-
ents (silt, clay and organic matter).

The standard error of estimate in equation (2.1) is 3.73.

This means that 67 percent of the determined velues of field capacity
fall in 2 range of‘i 3,73 from the predicted value. For most purposes,
then, the egquation gives a sufficiently good estimate of field capecity.

The 't' values of the regression coefficienﬁs of silt, clay
and orgenic matter are 5.42, 9.95 and 7.64, respectively. The '%'
values indicate that 21l the coefficients are significant at the one
percent level of probability. Since the 't' values of the regression
coefficients are not very di fferent, the extent of the association
of esch of the three soil components with field capacity is about the

sane. No one component stands out as being much more or less important

¥kgignificant at 1%
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than the others in its relation to field capacity.

The nature of the relationship between s0il components and
field capacity is reveasled by a further consideration of equation (2.1).

1. A s0il containing no silt, clay or orgeanic matter,
according to the equation, would have a field cepacity of 11,47807.
Soils closest to this composition are those in the coarse textured
group. The average field capacity of these soils is 13.72 (Appendix I,
p 76). This is quite close to the velue of the constent in equation
(2.1) when one considers thet the coarse textured soils have a small
amount of each of silt, clay and orgeanic matter.

Z. The numerical values of the regression coefficients differ
considerably. Taﬁle 6 points out how the differences in the regression
coefficients of silt and clay affect the predicted values of field
capacity. In Table 6a the sand content is held constant at 30 percent
and the silt and clay contents vary from 10 to 60 percent and 60 to 10
percent, respectively. The prediction values of field capacity for
these soils show thai, et constant sand content, no great changes occur
in the value of field cepscity when the silt and clay contents are
varied., TField capsacity is decressed only 6.85 percent when the clay
content is decressed from 60 to 10 percent.

Table 6D shows how & change in the send content et the expense
of the clay content affects the predicted value of field cspacity. At
a constant silt content of 30 percent, field cgpacity is decreased

12.71 percent when the cley content is decreased from 60 to 10 percent.




PREDICTION VALUES FOR FIZLD CAFACITIES OF CRGANIC MATTER FREE SOILS
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VARYING IN MECHANICAL COMFOSITION
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Table 6c shows how & decrease in silt &t a constant clay
content of 30 percent affects field capacity. The predicted field
capacity is decreased 5.8% percent when the silt content is decreased
from 60 to 10 percent.

From Teble 6 one can conclude thet:a) approximetely egqual
increeses occur in field capecity when sand is replaced by silt end
when silt is replaced by clay; and b) when clay replaces send the in-
crease in field capacity is spproximately twice thet when either gilt
revlaces send or clay replaces silt.

5. Considering the relstion of organic metter to field
cepacity it cen be seen from equstion (2.1) that the regression co-
efficient of orgenic matter is more then four times that of clay end
almost ten times that of silt. Thus on a weight basis organic'matter
holds more than four times as much water as clay and slmost ten times
a8 much water as silt. This is in aécordance with present beliefs con-
cerning the weter holding cepscity of orgsanic matter ( 3 ).

Separation of the deta into textursl groups yielded the
equations in Teble 7 . Finel equations using only those variables
contributing significantly to the regression were not calculated as it
wes felt thet the number of observations in some of the groups was too
smell.

A general trend which may be observed in Teble 7 1is that of
en incressing stsndard error of estimete with increasing percentage of

fine particles. This meens that one cennot obtain as accurate an



TABLE 7

REGRESSION EQUATIONS FOR FIRLD CAPACITY

Texturel :No. of s : : t velues -

Group :samples: EQUATION : 2 : See TTHT : b ; B3
Coarse s 12 sF.C.= 10,5816 fﬁO.BOBSl(% silt) :0.892% ;2,16 :1.97 : B.70%% 5 1,14
textured 2 £ 0.817197(% cley) 5 3 : : :

: # 0.660903(% 0.M. ) : : : : :

S _ . 3 o : s . "
Moderately: 12 sF.Co=-9,0751 f 0.026267(% silt) 0,990 :1.78 :0.63 :10.90 :15.00
coarse : : # 0.450808(% cley) : : : : :
textured : # 1.32293(% 0.M.) : : : s :

: : ‘ : . : : s s "
Medium  : 17  :F,C.= 11.2508 £ 0.07924(% silt) :0.844 :3.74 :0.81 : 1.94 3 2.50
textured i # 0.84504(% cleay) 3 : : : :

3 : # 1.136177(% 0.1, ) : : : s :

: : : : w ® : w* : ok
Moderately: &3 iF.C.= 14.3744 f 0.13426(% silt) :0.750 :3.49 :2.54  1.10 s 5,81
fine s : # 0.10448(clay) : : : : :
textured : # 1.46674(% O.M.) : : : : :

: : ; s s : s PAPra «
Fine s 20 F.C.= 12,1226 % 0.,04439(% silt ) 0,725 :5.58 :0.,45 : 3,20 s 2,77
textured : # 0.29523(% clay) : : : : :

3 : # 0.97815(% 0.1.) : : : : :

A1 soils ¢ 94  :F.C.Z 11.47807 £ 0.11705(% silt) :0.879%%. 3,75 :5.42°%; § 95R® ; 7 (4%
combined : # 0.25400(% clay) s : : : :

: : # 1.16457(% 0.M.) : : : : :

* significent et 5%
* ¥ )

significant at 1%
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estimate of field cepacity in fine textured soils es in coarse tex=-
tured soils.

Inspection of Table 7 reveals no trends in the values of the
regression coefficients of silt, clay and orgenic matter with increas=-
ing percentasges of fine particles.

The equation predicting field capacity from soil components
obtained by De Leenheer and Van Ruymbeke ( 4 ) is:

F.C.=0.290655 £ 0.400696 (% clay) (0.4)

# 0.262886 (% coarse silt) #0.420686 (% C2COs)
# 3.224689 ( 0.M.)
(R=0,9155, Sge=4.5311)

To facilitete compsrison to the above equation, the equation
obtained in the present study is given below:

F.C.=11.47807 £ 0.11703 (%silt) # 0.25400 (% clay) (2.1)

# 1.16457 (%:0.M.)
(R=0.879, Sge=3.73)

The differences between equations (0.4) (De Leenheer and
Van Ruymbeke) end equsetion (2.1) (present study) are outlined below:

L. De Leenheer and Van Ruymbeke found that Ca005 was sig-
nificently related to field capacity. This was not the case in the
present study.

2, The value of the constant in equation (0.4) sppears %o
» be different from the constant in equation (2.1). This difference
seems to imply that the entire reletionship is different.

3. The two equations appeasr to differ with respect to the

regression coefficients. Tsking the regression coefficients of clay

as an example, equetion (0.4) gives a value of 0.400696 while
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equation (2.1) gives a value of 0.25400. The variance of the clay co-
efficient in equation (2.1) wss very small (0.0006501)., If the varie-
ence of the clay coefficient in equetion (0.4) were of similar megni-
tude, & 't' test compering the coefficients would show that they are
significantly different. Similar comments sppear to be applicable to
the coefficients of silt and organic matter.

Thege differences seem to indicste that the relestion of soil
components to field capascity varies with geographical location. There-
fore, in order to obtein a reasonable degree of accuracy, the relation
should be determined experimentslly on soils similer to those for which
it is to be used.

EliRelation,gz Field Cepacity to the 1/5 Atmo sphere Percentage.

The regression equation obtained when the 1/5 etmosphere
percentage (1/3 atm %) was relsted to field cepacity is es follows:

F.C.=8.2803 é*9.65421 (1/3 atm ). (2.7)
(r=0.917°7, Sge=3.07)

The stenderd error of estimete in equation (2.7}, 3.07, is
smaller than thet in equation (2.1}, 3.73. Thus the use of the
1/3 atmosphere percentage gives a more accurate estimete of field
capacity.

Equetion (2.7) is quite similar to the equations obtained by
Heise gﬁ_g}:( 5 ) on soils of the Grest Plains of Montana. Equation
(2.7) shows the greatest similarity to the equation Haise et al.ob-
tained for the 0-12 inch depth. Their equation was:

F.C.=7.6 £ 0.619 (1/3 atu %) (r=0.931"%) (0.5)
%% gignificent et 1%
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It can be seen that both the constant 2nd ihe regression
coefficient are larger in equation (2.7) then in equation (0.5). These
differences, however, do not appear to be very great. Therefore it
appeers that the relation of field cepacity to the 1/5 atmosphere per-
centage in the soils used in the present study is not too different
from thet obtained by Haise &t sl.on the surfece soils of Montena.

The possibility that field capscity wss & queadretic function
cf the 1/5 atmosphere percentege was investigated. (If the quadratic
term were significent a better estimete of field capacity than given by
equation (2.7) would be obtasined). The equation of the form

F.C. T a # b1(1/5 atm %) £ by(1/5 atm%)>
was calculated. The 't' value of by, 1.29, was not significent, Thus
the queadratic fterm did not improve the reletionship.

Finslly, e combination of field and laboratory data was re-
lated to field capacity. The 1/3 etmosphere percentage and the percent-
ege totael porosity, as calculated from density measurements, were used.
The predicetion equation obteined is a2s follows:

F.C. = 0.73917 0.6005996”(1/3 atm %) (2.8)

£ 0.192102"*(% total porosity x
(r= 0.92077, See™ 2.82)

The 't' value of the regression coefficient of percentage

total porosity was highly significent indicasting that field capacity

was truly dependent upon the total vorosity. The standard error of

*Xsignificent at 1%
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estimate in equation (2.8) was 2.82, vhile that obtained by using the
1/3 atmosphere percentage alcne, equation (2.7), wes 3.07. Therefore
the accuracy of field capacity prediction was increased by the inclu-
sion of total porosity data. The dissdvantege in using equation (2.3)
is that density determinations, which are quite time consuming, must be

made.,
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PERMANENT WILTING PERCENTAGE

2) Beletion to Soil Components.

The w0il components found to be significantly related to
vpermanent wilting percentage were silt, clsy and orgenic matter. The
calculsted regression equation is ss follows:

PL.P.51.1231 £ o.<(>5563“(%’ silt) (3.1)

# 0.24197** (4 cleay) £ 0.6212™" (% 0.10.)
(R=0.934™, S50=1.92)

The highly significent correlstion coefficient indicetes thet
a real relationship exists between permsnent wilting percentate and the
soil components silt, clay end orgenic matter,

The standard error of estimate in equation (3.1) is 1.92 indic-
ating that 67 percent of the determined values of permanent wilting
percentage fall within 5.1.92 of the predicted values, Considering the
fact that the standerd devietion of permanént wilting percentege es
determined by the sunflower method has been found to be about Q.54 (13),
it seems fairly reasonsble to assume, that for prediction purposes,
equation (3.1} is quite good.

The 't' values of the regression coefficients of silt, clay
and orgemic matter are 3,30, 18.50 and 7.95, respectively. The 't°
value of the regression coefficient of clay is considerably larger thean
that of the other two variables, This indicates that there is a closer
relationship between clay and permanent wilting percentage than between

the other soil components and permanent wilting percentege.

*®Xsignificent at 1%
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A further consideration of equstion (3.1) reveals some
interesting feetures of the nature of the relationship between soil
components and permesnent wilting percentage. These afe as follows:

1. A soil having no silt, clay or organic matter would have,
according %0 the equation, & permenent wilt ing percentage of 1.1231.
This vermenent wilting percentage value is lower than the mean value
of 4.65 obtained for the coarse textured socils in the present investig-
ation (Arpendix I, p 76}. However, when the proper corrections for the
silt, clay and organic matter content of this group are made, a value
similar to the constant is obtained.

2. The regression coefficients indicete that the greatest
convribution to the value of the permanent wilting percentage is made
by orgenic matter. Organic matter cbntributes gbout tw and one-helf
times as much per unit weight as clay end about twenty times as much
as silt.

3. Permenent wilting perceuntasge is not increased very much
by increasing the silt content. The permenent wilting percentage of 2
pure send would be, according to the equsetion, 1.1231, while that of a
pure silt would be 4.7921. This is a small increese considering the
marked chenge in the size of the soil separstes.

The coefficient of organic matter in equation (3.1) is
approximst ely one-half its velue in equation (2.1). This meens that =n
apprecisble amount of the available moisture is extracted from organic

matter. Iund (14) and Jamison and Kroth (11) also found this to be true
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in certain ceses.

The regression coefficient of silt in equetion (3.1) hes been
reduced to one~half its velue in equetion (2.1) indicsting that =
considerable amount of available water is held in the silt fraction.

In contrast to the above differences in the regression
coefficients of silt end orgenic matter, there is virtusally no differ-
ence in the regression coefficients of clay in the two equations. Thise
means that very little, if eny, avsilsble moisture is extracted from
the clay fraction.

From the above comparison of ecuations (2.1) and {3.1) one
must conclude that available water is probsebly related to silt and
orgenic matter content but not to cley content. This will be shown %o
be true in the next section of this thesis.

Separation of the data into textural groups yielded the
equations in Taeble 8., Beceuse of the smell number of observetions in
some of the groups, the finel equations, using only those variables
contributing significantly to the regression were not derived. However, ..
the following trends can be observed in Table 8.

With the exception of coarse textured soils, there is & genersal
increase in the standard error of estimate as soils becbme finer in
texture. This indiceates that the accuracy of the prediction decreases
as the percentage of fine perticlss in the soil inereases. S

2. The 't' values of the regression coefficients of clay

and organic matter increese as soils become finer in texture. This



TABLE 6

REGRESSION EQUATIONS PREDICTING PERMANENT WILTING PERCENTAGE
Textural :No, of 3 ‘ g g E t vslues
Group :semples: EQUATION : ; See by 5 bp , by
Coerse : 12 sP.H.P.= 0.50128 £ 0.3104(% Silt) 50.740% 51,77 :2.41% :0.82  :0.55
textured : : f 0.14807(% clay) : H H : :

: 3 # 0.26232(% 0.M. ) _ : -’ 3 : . G
Moderately 12 sPJ.P.= 0,83169 f 0.08975(% silt) $0.951  :0.85 :1l.42 :2.88 2,02
coarse : # 0.1808(% clay) : s : : :
textured : : # 0.8515(% QM. ) : : : : :

H H . H *: . H
Vedium : 17 :PJh.I.S 1.6704 £ 0.003362(% silt) :0.84677:0.93 :0.21 :3.18™ ™:1.27
textured : : £ 0.29828(ﬂ clay) : : : : :

: : £ 0.30845(% 0.M.) : : : : :

. T o e P . ) . : -- B H **: H H ok H
Moderately: 33 FLW.FS 1,6714 % 0.05140(% silt) 20,729 12,04 :1.66 :3.33 $4.32
fine : : # 0.1906(% clay) : : 5 : s
textured s : £ 0.6458{% C.1.) : : : : :

s : " : : e x b "
Fine : 20 :P.WLP.T 0.6316 £ O. 4563(,0 silt ) 20,9000 22.19 11,17 16,76  14.95%
textured : : £ 0.8475(% clay) ; ; : : :

; : £ 0.6923(% 0.M.) : : : : :

A11 Soils:. 94  :P.W.P.= 1,1231 £ 0.05869(% silt) 0.4 9:34**.1 92 .:5.:50*"‘;18.56‘““:7.95‘“iF
combined : # 0. 24197(m cley) d : : : :

: : # 0.6212(% O.M. ] : : : : :

£ 3.3

significant at the 1% level of probsbility

¥ gsignificent et the 5% level of probability
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indicates =n increessing dependence of permenent wilting percentage on
these components.

In conclusion, one cen say thet the data in Teble 8 show
that the factors affecting permsnent wilting percentage very with
texture., Therefore, for precise prediction a different equation should
be derived for each texturel group.

The general equatioﬁ obtained.in the present study,
equation (3.1), and that obtalned by De Leenheer and Van Ruymbeke (4},
equation (0.12), are given below:

PJW.P.Z1.1231 # o.osssé (% s1lt) # 0.24197 (% clay) (3.1)

# 04621200 (% O.M.)
(R=0.984, S =1.92)

PJi Fo= =0.666156 £ 0.36327 (% clay] , (0.12)
# 0.044663 (% coarse silt] # 0.19908 (% CaCOgz)
# 0.849308 (% O.i. ) '
(R=0.9658, S,,~1.6805)

The differences between equations (3.1) end (0.12) can bde

summarized as follows:

1. De leenheer and Van Ruymbeke found that the CaC05 content
was significently related to permenent wilting percentage. Such weas
not the case in the prescent study.

2. The regression coefficient of clay in equation (3.1) is
'0.24197 while that in equetion (0.12) is 0.36327.. The varimce of
the regression coefficient of clay in equation (3.1) is 0.0001704, If
the variance of the regression coefficient of clay in equation (0.12)
were of similar magnitude, & '"t' test of the regression coefficients

would show them to be different,
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3. Similar remarks can be msde in the case of the constents
end the regression coefficients of silt and organic matter.

The results of De Leenheer and Van Ruymbeke and those of the
present investigetions indicate that a close relationship exists
between s0il components and the permenent wilting percentage. The
factors involved in this relstionship and the extent to which they
contribute vary. Therefore, if such & relationship is to be used to
predict permsnent wilting percentage, it must be determined on soils
similar to those for which it is to be used,

El Relation of Permenent Wilting Percentage to the l&-atmosphere
Percentege.

The relation between permanent wilting percentaege end the
l5~atmosphere percentage (F.AJL.} is as follows:

P.WePa=0,0207 # 0.77468 (F.AJF.) (3.2)
(r=20.970%%, Sge=1.32)

The standard error of estimate of this equation is 1.32. The
stendard error of estimate of the equstion used in predicting permenent
wilting percentage from soil components (equation (3.1)) is 1.92. Thus
a more accurete estimate of permanent wilting percentage is obtained
when equation (3.2} is used.

A test of the constent in equation (3.2) shows that it is not
significently different from zero. This mesns that the constant cer be
deleted from eguetion (3.2) end that e cimple ratio between permenent

wilting percentsge and the lo-atmosphere percentege cen be used.

F¥signiricent &t 1%
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fZ

Richards end Wadleigh (18) and iehene and Steple (13)
obtaiﬁed equations (0.16) znd (0.17), cespectively. These egustions
are as follows:

U Pu=0.36 # 0.863 (F.AP.) (Sge=0.67) - (0.18)

U W.Pe=0,35 £ 0.833 (F.A.P.) (r=0.995) (0.17)

For a lb-atmosphere percentege of 20, equations (3.2}, (0.16),
and (0.17) predict a permenent wilting percentsges of 15.42, 17.62 end
17.01, respectively. Therefore equations (0.16) and (0.17) give
relatively similar results. Equstion (3.2), however, gives slichtly
lower permanent wilting percentages than the other two equations. This
indicates a slightly different relationship between permenent wilting
rercentsge and the 15-atmosphere percentage for‘the.soils used in the

rresent study.
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AVATLABIE MOISTURE

a) Percent Weight PRasis.

S5ilt and orgenic matter were found to be significantly
related to evaileble moigture on 2 percent weight basis (AM.PJWe).
The equation is as follows:
o N - *"ﬁ ol .
AJIP.W.S10.25815 £ 0.0863604" (% silt) (4.1)

# 0.683927*% (% 0.1 ) -
(B=0.672 , 5,,72.89)

The correlation coefficient in equation {(4.1) is 0.672. The
correlation coefficients for fleld cepacity and permenent wilting
rercentage were 0.879 and 0.934, regpsctively. In view of this fact, a
correletion coefficient of 0.672 for available moisture (the difference
between field capacity and permanent wilting percentege) appears to be
in order.

The standard error of estimate in equation (4.1} is 2.89.

This means thet in @ =01l with an apparent density of 1.40 the error
in calculating the available moisture in a one foot depth is epprox-
imetely one~half inch. &n error of this megnitude appesars to limit
the usefulness of this ecuation for prediction purposes, perticularly
for coarse textured soil which have & lowievailable moisture content.,

Separation of the deta into textural groups yielded the
edquations in Teble 2. In these equations the correlation coefficients
of the cosrse, moderately coarse and medium textured soils range from

0.705 to 0.745, wherees those for the moderately fine and fine

FRsignificent at 1%




TABLE 9

REGRESSION EQUATIONS FOR % AVAILABLE MOISTURE (WEIGHT BASIS)

Textural :No. of 3 - H : : t values
5 . S ; k:
Group :ssamples: BQUATION ;B Bee b3 T8 %
Coarse 2 12 AJLPWW,S13.547317 - 0.5326958(% silt) :0.706% ;3,14 :2.36 :2.08 :
textured : # 1.44091(% O.i.) : : : s :
s : ‘ ) H 3 : : s
Moderately: 12  sAM.P.W.= 6.30618. £ 0.367132(% silt) 30,740 :12.92 32,06 :1.35
coérse : ; # 0.614756(% 0.i. ) : : : s :
textured : H : : H 5
Medium 17 sAMJPW.S 9,.768256 { 0.094587(% silt) $0.718 :2.72 31.95 :2.80“:
textured : # 0.870986(% 0.M. ) : : : s :
H H , H PR : : Py
Moderately: 33 sAMLPV S $.21868 % 0.1037598(% silt) :0.596  $3.06 :2.47 3:3.67
fine : : # 0.8205887(% 0.M. ) : : : : :
textured : H : H : :
: s 1 : *® ¢ : : :
Fine s 20 tAMJPJW.S15, 21696 /”0.027528568(%‘silt) s0.,655 :2.86 :0.58 32,78 :
textured : # 0.469152(% 0.M.) : : : : :
All soils : 94  :AN.P.W.=10.25815 £ 0.0065604(% s1lt) :0.672% ;289 15, 50%%:6, 0%
combined 3 s # 0.683927(% 0.M. ) : : : : :

‘.’ﬁsignificant at 5%

% ¥ gignificent at 1%
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textured are 0.596 snd 0.555, respectively. This result indicetes thet
é ¢loser relationship exists between s0il components and svailable
moisture in the coerse, moderately coarse and medium textured soils
than in moderately fine and fine textured soils.

El'Volume Fraction.

S5ilt was found to be the only soil component related to
available molsture by volume fraction (AJM.V.F.}. Similar results were
obteined by Jeamison (10), Jemison and Kroth (11), Iund (14), Bartelli
end Peters (2) and Hill (8). The equation obtained in the present
investigations is as follows:

§

AJMVF.S0.1773 £ 0.0011289 (% silt) (4.2]
(r=0.419™%, 5,,=0.0457)

The correlation coefficient, slthough highly significent, is
relatively small. Only 18.5% of the total variation in svailable
moisture can be explained by a relationship to silt. Therefore, the
equation probebly should not be used for prediction purposes.

Orgenic matter is significently related to available moisture
on a percent weight basis (equation (4.1)), but not on a volume
basis (equation (4.2)). An increasse in organic matter decreases
apparent density (equetion (1.7)) and incresses available moisture on
a percent weight basis. Availsble noisture on & volume basis is the
product of epparent density and esvaileable moisturg on a percent weight
bagis. In the data used in the present investigstion the effects of

orgenic matter on apparent density end available moisture on a weight

FF¥gignificent at 1%
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basis appeear to cancel esch other.

Hill (8) found that eveilable moisture holding cepacity oa a
percent volume bhasis (AJiJ.C.) was related to silt content as shown in
the following equation:

LJILH.Co=6.5 £ 0.26 (% silt) (r=o.7zo’“) (0.27)
This eGuation converted to volume fraction asvailsble moisture reads
as follows:

ANV F.=0.065 £ 0.0026 (% silt) (0.272)

There is very little similarity between the equation calculated
by Hill and the one calculated in the present study. The regression
coefficient in equation (0.0278) is approximately two times as large as
the one in equstion (4.2). The constants of the two equations asre also
of different magnitude.

A comparison of the correletion coefficients in equations
(4.2) end (0.27), indicates that there was a much closer relationship
between silt content end availeble moisture in the soils Hill used than
in the soils used in the preseat investigation.

Teable 10 shbws the regression equations for the five textursl
groups used. The low correletion coefficients and the high stendard
errors of estimete indicete that the equations are unsatisfactory for

prediction purposes,

FXgignificent st 1%




TABLE 10

REGRESSION EQUATIONS FOR AVAILABLE MCISTURE (VOLUME FRACTION)

Textural :No. of :

i ,‘ " - L L4 .

Group ssamples: BGUATION : T, See,
Coarse s 12 $AMV.H. 2 0.2335 -« 0,00720575(% silt) :=0.061 :.Ub6G:
textured : : : :
Moderately: 12 sAMWVLF, = 0.00984 % 0.00167777(% silt) s 0.336 :.0826:
coarse .t : : s :
textured : : : :
3 H : s :

Medium 3 17  3AM.V.F., T 0.17665 # 0.001126(% silt) : 0.381 :,0129;
textured : H : :
Moderetely: 33  :AM.V.F. = 0.1646 £ 0.001435(% silt) : 0.363 :.04963
fine : : : : :
textured : : : H
Fine s 20 sAMJYVF, = 0,22872 - 0.0001283(% silt ) :=0.,00801:.0488:
textured : : : :
All soils 3 94  :A..V.T. = 0.1775 # 0.0011289(% silt) : 0.419"™ 0457;
combined i : : :

" % significant at 5% level
¥¥*significent at 1% level

24




S0II HOISTURE RETENTIOK DATA

The equetions predicting soil moisture retention at verious
tensions are presented in Teble 1l. The variesbles contributing
significantly tc the regressions were silt, clay and orgenic metter.

Table 11 shows that the correletion coefficients are highly
significent in 211 the equstious end sre of similar magnitude. The
correletion coefficients range from 0.934 to 0.951. This indicates
that the closeness of the relation of soil components to moisture
reteined is about the same for all tensions.

As the tension increases the constant terms in the equations
and the regression coefficients for each independent variasble decrease.
This indicates thet the relationship between moisture retention and
soil components changes with tension. To determine if the chenge in the
value of the regression coefficients of esch varisble with each increment
of tension wes significent, & 't' test waes applied. An example of the
calculations, using the regression coefficients of silt at the 1/4— and
l/S—atmosphere percenteges is given below:

l. The pooled variance of two successive tensions.

Residual sum Sg Laty # Hesidual sum Sq.1/5 atn

Sp=
(n"k'l)%atm ¢ (n'k‘l)l/Satm

=1291.066 # 1397.701
180

= 15.837



TABLE 11.

REGRESSION EQUATIONS FOR MOISTURE RETENTION DATA

No. of : . . : s t values
samples : ‘ pat] Q, U A T I O N . R :see . bl % bzﬁ; bz

94 :1/4 atm % = 5.77301 # 0.23129(% silt) $0.936" 734,01 : 9.97%16.25™:7,49%F

: # 0.44447(% clay) : : : : :

: £ 1.208976(% O.M. ) : : : : :

H , H **3 : 3 :
94 :1/8 stm % = £,044858 # 0.221189(% silt)  :0.93% :3.94 3 9,78 :15.90" :6.68™

: # 0.4264122(% clay) : : : : :

: # 1.056421(% 0.M.) : : : : :

: . H : H $ H ™
94 :1/2 atm % = 3.19943 # 0.189539(% silt) :0.950*%:5.14 :10.46"%19.90% %7, 95"

s # 0.42529(% cley ) : : : : :

3 # 1.0028998(% 0.1.) ; : : : :

: : *H : ; >
94 : 1 atm % = 2.83107 # 0,181248(% silt) £0.950" :2.82 :11.09% 18,90 .7.55

3 # 0.565087(% clay) : : d : :

: # 0.8701245(% 0.M. ) : : : : :
. : . By i H H H : : 5 *
92 : B atm% T 1.44769 # 0.1090625(% silt)  :0.948%%:2.60 : 7.1£f*<@ 58**:6.,95

: # 0.865186(% clay) : : : s

: # 0.729685(% 0.0, ) : : : : :

: , O . : *
94 i 7 etm % = 1.22798 £ 0.07766(% silt) :0.950% 2,12 .22 1. r5*

s / 0.323676{% clay) : : : s :

3 # 0.659386(% 0., : : : : :

H ) ] H H H ‘ **l’ .**: »*
94 : 16 atm % = 0.90829 £ 0.0722346(% silt)  :0.9487:2,20 1 .69 :20.78" :7.39¥

: £ 0.31049(% clay) : : : : :

: # 0.6522076(% 0. ) : : : : :

: : : : : s g

MK gignificant at 1 level of probability




2. The verience of the difference between the regression
coefficients.,

a)  The varience of silt at the two tensions.

= 2 o
7 (X2 -X1) = 82 =52 = 15,1443 = 30155.0691
5. <2
8L ST
4 ' i
(XL - X1)®
Z(XL - Xy
——— 2 .
zf(Xl/B - Xy/5)" =15.530011 = 30133.0691
0.000515381

b) The varience of the difference of the regression

coefficients.
2 2

(by/g = by/s)= S 1 # 1 )
) — 2 - =2
ﬁf(ml/4 - 51/4 ) EZ(Xl/S - 51/5) )

or s(bl/4 - bl/g) = 0.03242

S

3. The 't' value.

t =Gbl/4 - bl/5 e RE120 - :2?118885 = 0.31

The 't' value obtéined in this way was compered with the significent
'$' for 180 degrees of freedom at the 5 and 1 percent levels.

The 't' values from tests of significance of the difference
between regression coefficients st successive tensions obtained are
shown in Teble 12. TFor severasl tension increments the 't' velues for
the difference in regression coefficients for all three soil componeuts
are not statisticelly significent. In this case one csn conclude that

the greetest portion of the moisture extracted came from the soil




TABLE 12
THE *4¢'VALUES FRCM TESTS OF SIGNIFICANCE OF THE
DIFFERENCE BETWEEN REGRESSION

COEFFICIENTS AT SUCCESSIVE TENSIONS

t values
Tension renge sily clay Orgenic matter
1/4 - 1/3 atm 0.31 0.47 0.66
1/% = 1/2 stm 1.09 0.03 0.27
1/2 - 1 atm 0.34 2.10% 0.78
1-3 e 5., 28" -0.01 0.91
3 -7 atm 1.62 1.88 0.52
7 - 15 atm 0.3 0,64 0.05

# significant at 5%
®% cionificant at 1%
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component for which the 't' value is largest.

The '4' values in Teble 12 indicate from which soil component
the greatest portion of water is extracted at sach tencion increment.
Extraction of water for esch tension increment can be suvmmarized as
follows:

L. 1/4 - 1/3 stmosphere -- equal emounts of water are
extracted from the silt and clay components. A slightly larger samount
is extrescted from orgenic matter.

2. 1/3 - 1/2 atmosphere -- the greatest portion of the
moisture is extracted from the silt fraction. A small amount of water
is extracted from organic matter, while virtuelly no water is extracted
from clay.

3. 1/2 - 1 atmosphere ~~ the greatest part of the weter is
extracted from clsy. (The 't' value for clay is significent in this
tension increment). Some moisture is extrascted from orgenic matter and
a smeller amount from silt.

4, 1 = 3 atmospheres -= most of the moisture is extracted
from silt. (The 't' value for silt is highly giznificant for this
tension increment)s A small emount of water is extractied from orgeanic
matter but none from clay.

5, 3 = 7 stmospheres =~ approximately equal amounts are
extracted from silt and clay; & smaller amount is extracted from
organic matter.

6. 7 - 1% atmospheres -- most of the weter is extracted
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from clay, some is extrscted from silt, =nd =lmost none is extracted
from organic matter.

The tension ranges in which the greatest extractions of
water from each soil component occur are as follows:

l. 5ilt -~ the largest amount of water is extracted between
1 and 3 stmospheres. Smaller but approximately equal extractions occur
between 1/3 end 1/2 atmosphere, and between 3 snd 7 stmospheres.

%4, Cley -~ approximately equal emounts of water are extracted
between 1/2 znd 1 atmosphere, and between 3 snd 7 atmospheres.
Smeller emounts ars extracted between 1/4 and 1/3 atmosphere and
between 7 and 15 stmospheres.

3. Orgammic Matter -~ approximetely equal amounts of water
are extracted in each tension increment up to 7 etmospheres. From 7
to 15 atmospheres very little water is extracted from orgeanic matter,

The limitations to the above discussions are as follows:

1. As the tension increases, the constant in the equations
decrease (Teble 11). This decrease in the constant contributes to
the moisture extrscted in that tension increment. This constent smount
of weter is extracted from one or more of the s0oil components, however,
it is not possible to determine its source. Therefore, the 't' values
in Teble 12 show only from which fraction it is most probably that
extraction of molsture occurs when the tension is incressed.

2. The varisnces of the differences of the regression

coefficients of orgenic matter are much larger then those of silt eand
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cley. For exanple, in the tension iuncrement 1/4 to 1/5 atriosphere,

the variance of the differences of silt, clay end orgemic metter
coefficients sre 0.03242, 0.03824 =nd 0.2255, respectively. Therefore,
the difference of the regression coefficients of orgenic matter for =
perticular tension increment can be quite large numericelly and yet
statisfically cen be quite small.

Equations obtained for each textural group  are presented
in Tebles 13, 14, 15, 16, 17, 18 and 19. Similar varisestions due
texture are present at most tensions. Therefore a detailed study of
these veariations at each tension was not undertsken. Only the general
trends ere outlined below:

l. The correlation coefficients afe significant at the 5
percent level snd all but one (medium textured - l/B-atm) are
significent at the 1 percent‘levél. This seems to indicate a close
relationship between soil components end moisture retained at various
tensions, regerdless of texture.

2. 1In general, the standard error of estimete for = given
tension increases es the rercentage of fine separates increases.

This meens that the sccurecy of the prediction decreeses as the smount

of fine separetes incresses. An excertion to this generasl rule occurs

in moderately fine textured soils. Here the stendard error of sstimate
is always lower than that of either fine textured or medium textured

soils. This effect, however, can probsbly be ettributed to the larger

number of observeations in this textural group.




TABLE 13

.

= 5.7
# 0.44447(% clay)
# 1.205976(% 0.M.)

[ 13

¥ significant at Y
*significant at 1%

REGRESSION EQUATIONS FOR 1/4 AMOSFHERE PERCENTAGE
- Textural :No. of 3 _ : : . T values
£r0o up :sampless EQUATION : R ;See s b1 : By ; Dby
Coarse s 12 :1/4 etm % = 3.45284 # 0.3073688(% silt ) :0.936%%;1 45 ;2,94% ;3,67 %%;5.10
textured : # 0.539298(% cley ) : s : : :

: : # 0.815737(% 0.M. ) : : : : :

H H H **1 H H *5
Moderstely: 12 :1/4 etm % = 2.651211 # 0.3505823(% silt)  :0.906 12,64 :1.94 :4.48% s5, 20™
coarse : s £ 0. 8659668(% clay ) : : : : :
textured : # 0.8532174(% 0.M.) : : : : :

: H B : e H : :
Medium i 17 :1/4 atm % =13.73370 £ 0.1741449(% silt) 50,653 14,16 :1.60 :1.50 :2.48"
textured : # 0.296522(5 eléy) s : : : :

: : # 1.2233709(% 0.H. ) : : : : :

: : ; ) : : : X PR
Moderatelys 33 :1/4 atm % = 7.28000% % 0.214753(% silt) 10,8407 15,24 14,86 e, 50T 6. 90 %
fine : : # 0.379400( m cley ) : : : : :
textured : # 1.6468804(% 0.M. ) : : : : :

: s y : : : : -

Fine 2 20 :1/4 atm % =10.186428 £ 0.0717137(% silt)  :0.649%:6.08 : .80 :5.40%%3.50""
textured : # 0.455574(% clay) : : : : :

: : -# 1.1285226(% 0.M.) : : : : :

All soils ¢+ 94 :1/4 stm % 7301 / 0.23129(% silt) :0.936™%:4,01 9 YALSTR sz§7 49 NH
combined : : : :

09




TABLE 14

REGRESSION EQUATIONS FOR 1/3 ATMOSFHERE PERCENT AGE

Textural : #s o ¢ ) : H : 1 velues .
group :samples: BEQUATION e B See : b} 3 bg s b3y
Coarse  : 12 :1/3 atm % = 5.,9614896 £ 0.251958(% silt) 30.904%%:1.51 18,29 :8.98% :1.68

textured : # 0.451487(% clay) : ; ; : :

: : # 0.687057(% 0.M. ) : : : : :

H H . ) : H : : **:
Moderastely: 12 :1/3 atm % = 1.86905 #£ 0.267471(% silt) :0.915**:2.28 1,70 :4.70  53.00°
coerse : : # 0.766840(% clay) : : : : s
textured s : # 0.890138(% 0.M.) : : : : ;

H : ’, , 5 * : s :
Medium s 17 :1/3 atm % = 12,46015 # 0.088673L7(% silt) 3:0.790 :5.07 : .68 31.86 :1.49
textured : # 0.449085(% 0.k, ) : s : : :

: : # 0.9150327(% C.M.) : : i s :

: s : H : : oW : Hede
Moderstely: 33  :1/3 atm % £ 5.603204 £ 0.212253(% silt)  30.860%%:2.75 :6.10 15,08 % .7.08
fine : : 4 0.373994(% clay ) : : : : :
textured : # 1.415556(% 0.M.) : : : : :

s : ) : : : : * °
Fine : 20  :1/3 stm % = 5.9603604 £ 0.1476498(% silt) :0.818%:5.59 :1.50 4,89 :2.76™
textured : # 0.455982(% clay) : : : : :

: : # 0.9779338(% 0.M. ) : : : : :

All soils : 94 :1/3 atm % = 5,044868 £ 0.22118885(% silt]. 30,9547 %:3,94 :9.75%%; 15,907%;5, o™
combined s ;‘ 0.4264212(’%01&}7) s s : : :

: : # 1.056421(% 0.M.) : : : : :

¥ significent st 5%
*significant at 1%




TAELE 15

REGRESSION EQUATIONS EOR l/ & ATMOSFHEHE PRRCENTAGE

.'I‘extural sNo. of

. : : s t values
groyp  ssanmples: EQUATION : B See s P13 Pg ;b
Coarse » 12 :1/2 atm % = 1,507614 / 0.40010856(% s11t)  30.930%%:1.37 14.05%:5. 06% 11,05
textured : # 0.403406(% clay) : : : : :
: # 0.685047(% 0.M. ) : 3 5 : :

: s " : i : : :
Moderetely: 12  :1/2 stm % = -1.93637 # 0.835125(% silt)  :0.980™"31.85 :1.87 :5.58%:5.18™
coarse : : £ 0.72273(% clay) s s : : s
textured : # 0.788791(% 0.M.) : : 3 : :
Medium 2 17 :1/2 atm % = 7.78726 £ 0.1462265(% silt) :0.870% 52,68 11.51 :2.13 :1.99
textured : # 0.3726660(% clay) : : : : :

: : # 0.890208(% 0.id. ) : : : : :

, s 8 : ) : : P ot :
Moderately: 53  :1/2 atn % = 5,14487 £ 0.176427(% silt) 20,856" 2,68 14,33 " 14.80"%:6, 50**
fine : : # 0.351324(% clay) : 5 s : :
textured : : # 1.2418449(% 0.M.) : : : : :

H H ) ‘ ) 9 *3 H H .

Fine P20 :1/2 atm § = 4.750188 £ 0.126990(% silt)  :0.8588%%:4.53 :1.60 :5.80%%3, 47 ¥
textured : # 0.433975(% clay) : : s : :

: : # 0.998096(% 0.M. ) : : : : :

All soils : 94  :1/2 etm % = 5,19943 £ 0.169639(% 5ilt] :0,950°%: 5,14 :10.46™%10,907,55% %
combined : # 0.42539(%. elay) : : : : :

: : # 1.0028998(% 0.M.) : : : : :

* significent et 5%
% significant at 1% o




TABLE 16

REGRESSION BYUATIONS FOR 1 ATMOSTHERE PERCENTAGE

Textural :No. of - . : i ‘e : t values

group  :samples: FQUATION : zbee s by 3 by 3 by
Coarse s 12 : 1 atm % = 0,278303 £ 0.459242(% i1t :0.952%%:1 .17 :5.56™:5.64%% ;:1.60
textures s # 0.439134(% cley ) : : : : :

: : # 0.5189167(% 0.1, ) : : : : :

. H H o . ) oo ;, H . H ¥ H '**
Yoderately: 12. : 1 atm% = 0.1876913 # 0.043797(% silt ) :0.978%.0.90 : .66 :8.75 36, 57
coarse : : # 0.5813159(% clay) : : : : :
textured ; # 0.9282625(% 0.1, ) : : : : :
Medium 3 17 : 1 etm % = 4.528774 £ 0,145128(% silt) :0.880%%:5.66 :1.67 :2.22" :1.73
textured : £ 0.379658(% clay ) : : : : :

: : # 0.745249(% 0.1, ) : : : s :

: : B : : : s : o
lModerstely: 33 : 1 etmj = 2.26718 # 0.168283366(% silt)  :0.795%%2,90 :4.16%:a. 75" .4.77
fine : : # 0.373846(% clay) : : : : :
textwed : # 1.015916(% 0.i.) : : : : :

. : . H oL B ) .o : ) ?‘*: . g H 2o H "
Fine P& 1 atm o= 6.485719 £ 0.12066896(% silt) 20,8427 :3.82 :1.80 315,27 13,45
textured : # 0. 505429(/0 clay ) : : : s :

: : # 0.834612(% 0.1, ) : : 3 : :

ALl soile : 94 ;I etm % £ 2.85107 £ O. 181z4o(ﬁ silt) :0.950%%: 2,62t 11,00 15, 90" ;7 , 55 whk
comhined 3 s # 0.365037(% cley ) : : : : :

: : # 0.8701245(% o.m.} : : : : :

¥significent et &%
MEsignificent ot 1%

29




TABLE 17

REGRESSION EQUATIONS FOR 3 ALl

[CSTHERE PERCENTAGE

Texturel :No. of ~ ) : _ H H t values
group ssemples: BQUATION : B See ;TBTT; B B3

Coarse : 11 : 3 atm % # 0,114859 # 0.388313(% sily) :0,940%%:1,11 34,57%%:2,17  :1.00

textured s £ 0.327403(% clay ) : : : : s

: : # 0.390394(% 0.14) : : : : :

: : : : : : "’
Moderstely:s 12 : 3 etm % = 2.055188 £ 0. 20.37406(70 silt)  :0.914":1.66 :1.93 :4.38" " :3.35%
coarse : : # 0.4972919(% clay) s : : : :
textured : # 0.6776498(% 0.M.) : : : : :
Medium ¢ 17 3 B atm % I 2.5943276 £ 0.0593276(% silt) :0.835%%%3.60 :0.65 :2.68% :1.01
textured : # 0.458813 (% clay) : : : : :

: : # 0.440545(% 0., : 3 : : :

” : : p : : : 3 e
Moderately: 32 : 3 etn % = 1,144890 £ 0.137516(% silt) $0.624%%:2,48 :3,66" 55,71 +4.80
fine : : # 0.388677(% clay ) : P : : :
textured : # 0.8765004(% 0.M.) : : : ; :

s : ‘ : : : : o
Fine : 20 : 3 etm % = 3,2631707 ;Z Q. 0718521( b silt ) 30.879’”:3.44: s1.23 :16.41 :3.70
textured : # 0. 351319(% clay) : : : : :

; s # 0.776937(% 0.M. ) : : : : :

All e0ils ¢ 92 ¢ 3 atm % = 0,44769 71 0.1090625(% silt): :0.945%% 2,60 37, 16%%; 20,5 0% 5 or M
combined : £ 0.365156(% clay ) : : : : :

: : # 0.729685(% C.M. ) : : : : :

#significent at 5%
* significant at 1%




TABLE 18

REGRESSION EQUATIONS FOR 7 ATMOSFHERE FERCENTAGE

Texturel :No. of
group :samples:

.

) : s t values

EQUATION R ‘See b1 : b3 i b3

cosarse :
textured

Coarse i 12 7 atm % =-0.520089 £ 0.52708(% silt) : L915%%;1,22 :3,60%%; 2.66% :1.55
textured : # 0.33482(% clay) : : : : : :

: : # 0.44899(% 0.i.) : : : : :
Moderetelys 12 3 7 atm % 244137 £ 0.1668238(%. silt) - 909* (1,36 11,68 ¢ 4.20"%x, 13

s et 4 g

=a,
# 0. 41698(% clay) : ;
£ 0.610442(% 0.M.

Medium & 17 3 7 atm % = 2,064835 £ 0.087843(% silt) 878"%:2,54 :1.44 5 2.66™ 11,19
textured : # 0.294803(% clay) : : : : :

: : # 0.33899(% 0.1.) : : : : :
| : : ) _ o : o TP P
Moderstely: 33 : 7 atm % = 0,759399 / 0.075446(% silt ) 3 .810 32.22 2.2 i 5,62 :4.55
fine : : # 0.53385(% clay) : : : : :
textured : £ 0.7420388(% 0.4, ) : : : : 3

H H , H “: H H ”*5 *
Fine = 20 : 7 atm % = 1,383213 / 0,0978223(% silt) : .885 32,72 31,98 : 6.50 :3.96
textured : : # 0.308144(% clay) : 3 : : :

: : # 0.7072325(% 0.0, ) 3 s : s 3
All soils ¢+ 94 : 7 atm % = 1.22798 £ 0.077665(% silt] : OQ@EE%EZ.lB 16.34%% 20, 75‘*-7 e
combined : # 0. 525676(ﬁ clay) s : : : :

: : # 0.659386(% 0.M., ) : : : : :

% significent at 5%
®gsignificent at 1%

g9




TABLE 19

REGRESSION EQUATIONS FOR 15 ATMOSPHEXE FERCENTAGE

Te;tural sNo. of EQUATTION f R fsee f Tt values

group ‘samples® : : : by ¢ bg & Dby
Coarse : 12 ;16 atm % 3 -0,206378 £ 0.3198299(% silt) 30.894%%:1,19 :3.66%M;2.24  :0.82
textured : # 0.2740739(% clay) : : : : s

: : F 0.2659068(% 0., ) : : : : :

: : : P : SR 2 T
Moderately: 12 :15 atm o = -1.0672413 # 0.2048772(% silt) :0.900 :1.40 :2.12 3:3.38 $3. 44
coarse : : £ 0.3474211(% clay) _ : : : : :
textured : F 0.63079126(% 0.k, ) : : : : :

. H H i o e 3 " ) H Pr . e . H . H %
Medium s 17 +15 atm % = 2.5985836 # 0.0125694(% silt) :0.873 :2.36 : .20 3:3.08 :R.26
textured : # 0.344675(% 0.0, ) : : : : :

: : # 0.6463655(% 0.1, ) : : : : :
Moderetely: 33 315 atm % = -0,1250587 £ 0.10501685(% silt) :0.798 7 :2.20 :3.14% :4.32™% 15.48¥
fine : : # 0.26935747(% clay) : : 3 : :
textured s # 0.87198356(% 0.M.) : : : : :

Fine : 20 315 atm % = 0.0741061 # 0.0964584(% silt) :0.876% 22,91 :1.89 :6.79%% .5, 9a™*
textured s # 0.3272002(% clay) : : : : :

: 3 # 0.5414719(% 0.M. : : : : :

All soils 3 94 3156 atm % = (,90329 §.072254(% silt) 20.9457%:2,20 +5.69°%:20.75%%: 7,53 R¥
combined : / 0.31049(% clay) : : : s :

: : £ 0.6532076(% 0.M. ) : : : : :

¥significent et 5%
¥X%gignificant at 1%

29




67

3. The regression coefficients for silt, clay and orgsnic
matter are significent st sll tenslons in moderstely fine textured
soils. This is rrobably due to the large number of observations in
this group.

4. TFor fine textured and moderstely coarse textured soils,
the regression coefficients for clay and organic metter ere significeant
at all tensions. Fine textured soils contsin a relatively high per=-
centage of clay and therefore one would expect clay to be closely
related to moisture reteined. It is noﬁ evident, however, why clay
should be closely releted to moisture retained in moderately coarse
textured solls. There appesrs t0 be no obvious explenation as to why
orgeanic matter is significently related 10 soil moisture retention at

every tension in these two texturel groups =nd not in the others.
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TESTING OF EQUATICHS

The equation for each soil physical constant was tested on 18
'test' soil: samples. The procedure used is as followss

1. The predicted wvalues for eachbdependent variable were cal-
culated from the derived prediction equations,

2. The‘Aifference between the actual and predicted values for
each variable were calculated and designated as'd'.

3. The root mean square difference was defined sas

DX

n-k-1
where n = the total number of samples in the test soils
and kK = the number of independent variables used in

the predietion equation
: Lo The root mean square difference and the standard error of
estimate from the prediction equation were compared by means of an F
ratio. This was obtained by dividing the root mean square difference
by the standard error of estimate and squaring the quotient.

5. The F ratioé were comparedlto the critical F values at the
10, 5 and 1 percent levels.

Table 20 shows the root mean square difference and the standard
error of estimate of each dependent variable. In every case the root
mean square difference is larger than the standard error of estimate.
This was to be expected since only 18 samples were used to test equa-
tions derived from 9/ samples.

There is some general similarity between the root mean square

difference and the standard error of estimate. For permanent wilting
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TABIE 20
ROCT MEAN SQUARE DIFFERENCE AND STANDARD ERROR

OF ESTIMATE FOR EACH DEFENDENT VARIARIE

Root Meen
Dependent Variable Squere Difference . See F Ratio
Aprerent density 139 .106 1.72*
Permanent wilting percentage 2.10 1.92 1.28
Field cepacity 6.41 3,73 2,96 %%
Aveilsble moisture 5.01 2.89 2., 9g"**
{(percent by weight)
Available moisture .0758 L0457 2,63 %X
(volume fraction)
73
1/4~atmosphere percentage 6.04 4,01 2.25
. * ¥
1/3-atmo sphere percentage £.98 3.94 2.31
1/2-atmosphere percentsge 3.90 3.14 1.54
l-atmosphere pesrcentage 3,00 2.82 1.12
S-atmosphere percentage 2.67 2.60 1.06
' *
7-atmosphere percentage 2.71 2.12 1.64
%K
15~atmosphere percentsge 3.04 2.20 2.16

*Lsignificant at 10%
¥XKsignificent at 5%
®significent at 1%
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percentage, %—, 1-, end 3-ztmosphere percenisges the standard error of
estimate and the root mean square difference are Quite similer. Thus
the expected aversge errors in prediction of these dependent veriables
in the 'test' soils ere similar to the stenderd errors of estimete in
the rrediction equations., This indicates that the derived eguations
are epplicable to the 'test' soils as well as 10 the s0ils from which
they were derived.

For epparent density, and the 7-~atimosphere vercentege the stand-
are errcr of estimate snd the root mesn square difference sre signi-
ficently different st the 10 percent level of probsbility. This meens
that 90 percent of the time the deviation of the predicted from the
actuel velues wes grester than the standard error of estimste. Thus
the equations appear appliceble o0 soils similar 4o the 'test' soils
only for purposes where this larger varistion can be tolerated.

¥or the other dependent varisbles the root meen sguare differ~
ence and the standerd error of estimste are significently different st
either the 5 percent or 1 percent level of probsbility. This indicates
that the prediction equations for these varisbles are not epplicable

to s0ils similar to the 'test' soils.

As can be seen from Table 20, the prediction equations for
moisture retention are eppliceble to the 'test' soils at come tencions
end not et others. One would heve expected thet the equetions for all

tensions would heve been uniform with respect to azprlicebility. There

is no epparent reason for this leck of uniformity.



V  SUMMARY AND CONCIUSIQNS

A study of the reletionships between soil components and some
g0il physical constants was conducted on 94 samples from some of the
major soil types in Kenitoba. The equ=tion obtzined for each soil
physical constent was subsequently tested on 18 '"test' semples from an
area not previously investigated. The conciusions resulting from these
investigations are ass follows:

1. Apparent density is closely relested to clay, orgeanic matter
and ﬁhe interaction of cley and orgsnic matter. This relationship is
significant at the 1 percent level (R=.794}., The stendard error of
estimate is 0.106.

2. Field Capecity is relsted to silt, clay =nd orgsnic metter.
The relstionship is sigunificant at the 1 percent level (1=.879). The
stendard error of estimeste is 3.73. A closer relationship (r=.917),
and & smeller error in prediction (See = 3.07) is obteined when the
1/3-etmosphere percentage is related to field capecity.

3, Permanent wilting percentiesge, like field capacity, is
related to silt, cley and orgenic matter. However, the relationship is
closer (B = .934) then in the case of field capzcity. The staenderd
error of estimate is 1.92. A better reletionship (r = .970), and a
smaller error in prediction (See = 1.32) is obtained when the
1b-atmosphere percentege is releted to the permanent wilting percentage.

4., Silt end orgenic metter sre relsted to evailable moisture

on a percent by weight basis. The reletionship is highly significant



(r = .672), and the stendard error of estimate is 2.89,

. S8ilt is the only soil component related to evailable moist-
ure on & volume fraction basis. The reistionship is significsnt 2% the
1 percent level ( r = .419). The steudard error of estimete is 0.0457,

6. SBilt, clay end organic matter are the soil components
related to moisture retention data. The relationships between soil
components and the moisture retained st various tensions are closer than
for the other soil physical constents. This is showan by the values of
the coefficients of multiple correlation which rsnge from 4934 to .9561.
The sténderd errors of estimate for the verious tensions apresr to be
directly proportional to the amount of moisture retezined et each
tension.v

7. Testing of eguations on the 'test' soils showed that the
equations predicting permanent wilting percentage, 1/2-, 1-, end
3=atmosphere percentage ere aprplicseble to these soils. The equations
for apparent density end the 7-atmosphere percentege are applicable
to soils similer to the 'éest' s0ils only if & variation slightly
larger then the standard error of estimete can be tolerated., For the
remaining soil physicel constants the prediction equstions do not

appeear to be applicable to the 'test' soils.
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DIX I

USED TC DERIVE EGUATIONS

sAvaileblesdvailsble:
P.W.P.:moisture :moisture%:
% 3/0 by Wto

sby volume:

Moisture retained at various
tensions (etmospheres)

y@:ZV5:1/2: 1 :+ 3 : 7 3+ 15

6.59: 13,74 : 18.4 :14.90:13,.63:12.,40:10,.18: 9.45: 7.96¢ 7.556
4.81: 15.32 : 23.8 311.67310. 60. 9.75: 8.57: 6.91: 6.02; 5.74
l.67: 8.93 : 14,8 : 7.90: 6. 90: b.6b: 4.b4: 3.,51; 2.66: 2.28
2.34: 9.33 H 16.5 :10.15: 9.04: 7.,11: 6.15: 4.65: 3.20: 2.79
2.57: 11.96 H 2l. £11.,36:11.00: 9.11: 7.98: 5.47: 3.41: 4.64
8.50: 9.85 : 14.2 :19.62: 17 23316,30:17,10:13.,01:11.90:10.33
b.58: 6.17 : 1lel 3 8.17: 7,962 6.87: 6.8D5: 6.19: 5,563 4.40
8.16: 2.75 : 5.0 : 9.48: 9.24: 8.63: 8.57: 7.51: 7.01l: 6.35
5.84: 16,77 : 22,1 :15.89:14.66311.82:11.40: 7.96: 7.66: 6.02
3.82: 14.86 : 25D $12.26:11.59: 8.,24: 7.88: 6.38: 5,34 4,44
3.,01: 11l.44 H 17.8 :10.00: 9.77: 6.62: 7.01s 4,932 5.47: 3.74
B3.33: 13.13 : 20.4 : 8,69: 8,10: 5,13: 5,71: 3.92: 3.76: 3.08
6.41: 12.45 : 17.2  315.60:14.62:12.69:10.633 9.19: 8.25: 8.30
5.50: 12.73 : 17,3, 514,60:14.16:12,48:10.,50: 8.21: 7.32: 6.88
b.,46: 11.01 : 16.3 :12 63:12464:11.07: 9.45: 7.36: 6,762 6.30
11.96: 14.97 : 19,7 :26 06 24.47 21 69: 18 37 16. 27 14.39:¢ 14.01
7.17: 14.50 : D9 :19.08:18.17:16.64514.10:11.65:10.83: 9.08
2.94: 9.93 H 14.7 : 8.19: 7.243 6,19: 5.21: 4.17: 3.87: 3.64
10.76% 14,57 3 ¢l :25.91:23.38:20.34:516,94:15.153:12,91312.70
6.01: 15.92 : 22.4 :22.33:19.98:18,02:15,56:12.44:11.07310.40
7.96: 12.17 s 17.7 :12R2,49:20.36:17.53:14.84311.50: 9, 90. 8.93
7.98: 14.15 : 2l.2 .18 53 l? 223 15 36 14 89z ll.éb lO 29 lO 11
6.95: 12.82 : 18,5 :16.0:14,73:13,583511.50: 9.84: 8,39; 8.76
b.,71: 12.52 s N3 $15.70:14.08:12.96:11.00: 9.07: 8.08: 7.95
10.19: 21.63 : 25,7 336,69:31.93:28 ,51:24.40:19,07:16.14:12.26
9.80: 15.91 s 2244 230494:30.443:25.56:19,70:15.39:10.39:12.79
Be56: 16,30 : 2b¢4 :20,79:29.61:10.30:14.33:11.82: 8.74: 9.36



Mechsnical Anslysis
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sdvaileblesAvailable:

Moisture retsined at various

P, W.P..moisture .moisture%: tensions (atmospheres)
% % by wt. :by volume: 1/4 3 1/ : 1/8 : 1 : 5 : 7 & 15
8.,29: 19.13 H 25.4 :31.,96:31.52:25.27519.40:13.08:13.168:11.88
7.23: 1£.63 H 23.2 337.,32:26.16321.473517.70:13.53:10.53310.51
7.75: 14.35 : 21,9 :30.35:29,.36:23.46:19,37:15.,71:11., 7b 1li.86
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4.45: 14,20 H 5.8 .lb.OO 14.70 12.92:10.63: 7.92: 7. 70 6.40
| 17.50: 21,30 H 27 .5 :42.48: 41 89 S8.18¢ 35 54 29.45: 23 64 22 40
16.04: 16.15 : B2.8 342.47:41.74:35.50:33.36:29.07:20,4%:21.12"
7.94: 15,25 H 20.0 :27.25:23.59:21.20:18.50:15.34:12.00310.66
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13.68: 15.79 H 2l.7 :32.15:30.55:27 .61:23.45:21L.31:17.7%:17.31
9.62: 13.38 : 19.4 .26.&6 25.,58:23,08:19.71:16.03514,.15:13,10
8.34: 13.53 : 20.6 .75.25.a8.20 60:17.45: 15 56 ll 50:10.70
12.45; 20.92 : 26,7 .32 323 60 10: /7 07 25,00 19 53 10.98 l .19
9.32: 12.21 : 19.7 :23.822:22,91:20.,560:18.76:15.49:14.60:12.98
4,463 15.21 H 2.7  :20.: 5 19. 66 16.65511.39: 7.68: £.86: 5,69
13.41: 15,29 H 20.8 :36.66536,07: 54 81 27 .56: &l 71 14,77 18 33
li.61: 15.86 : 84,6 :$33.87:34.,287:30.39:27.53:20.956:13,48:17.45
16.43: 11.41 : 18.5 :35,17:31.,16:28.63:27.51:20.71:14.30:17.10
$.36: 20.89 : 24,4 :37.,04:35,76:3 O‘68:24.55519.14:11.95315.95
10.09: 14.04 H 20,7 131.74:31.45:27.50329,.26:20.90:15.85:15.01
10.97: 10.20 s 14,7 :33.91:34.,30:29, 80 26.13: 41 75:17.,43:17.,16
16.85: 22.19 : 2b.5 .47 16: 44 45 37 7b:55 43:87 .97 25.97¢a4 05
13.61: 17.84 : 23.9 :36.,04:35.,47:20.08:27.34:21.,77:19.71:18.580
C 9.11: 22.25 : 36,7 :29.60:529.30:25.52:522.83:16.80:13,75:1%.04
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tdvaileblesAvailable:
P.l.P.:moisture :moisture%:

:% by wt.

7
4

Moisture retained at verious
tensions (atmospheres)

sby volume: 1/4 3 1/3 :1/2: 1 : 3 : 7 3 1b

16.53: 21.13 : 20,8 344.52:38.63:54,57:30.49:25.05:20.58:20.03
10.90: 22,07 : 34,4 :39,08:34.87:30.,67:26,94:20.32:17.21:15.82
13.54: 17 .97 : £28.8 .36 74:33.78:29.80:26,99:20.59:17.48:156.453
14,70 15,40 : 18.2 :40,30: 37 06 5é.u4 2 .87 44 583 19 83: 18 59
14.17;: 13,67 : 14.8 :37.38334.90:32.67:89,74523,40320.9%:18.68
13.40: 13,76 : 2l .2 335,02:31.93:30.16:27.64:26.65319.61317.07
10.91: 15,07 : 18.8 :35.17: 50 35.27 85 24.78: 18 57s 15 91: lé 54
9.99: 10.74 : 1444 :26.21384.27:21,79:19.97:15.58:13.765311.13
8.80: 9.78 : 16.2 :26,76:25,72:21.80:21.03515,12:14.85:11.19
13.92: 19.31 : 25.0 :36.92:35,14:30.10:28,54:19,90:19,.763:15.32
10.12: 19.45 : 23.0 :33,11:30,.82:25,59:25,10:17.17:16.56:12.65
6.73: 21.556 : 32 .3 .28 493 2b 83:22.04:20.51:14. 23.15 49:10.03
13.67: 20.01 : 27.2 .59 00.52 653 58 89 28 96 23e14: 19 61: lb &7
12.90: 17.19 : R3.7 5335,66329.,21:26.77:84.82:0.49:17.463:14.89
8.,27: 1b.46 : 22,9 .26 48324.,43:2]1.268:18.97: 13 15:12.12:10,12
13.30: 19.51 : 25.8 .55 86 31.47 28.567: 27 81:19 00:18.87:16.29
11.01: 17.70 : 24 .6 35,2833 .34327.38:25.52:20.,00:17.5%:14.86
12.47: 15,02 : 24.9 :31.19:29.67:27.90:24, 60:19.42:17.72:14 856
21.96: 14.87 : 14.7 :44,18:41 ,47337.79:383.47:29.61:26.60:24.47
15.06: 1442 : 18.4 :34.,77:32,91:30.59:27.05:23, 54: 20, 72:20.50
13.01: 14.086 : D.0 :34,02:31.41:29,56:26, 1b.~2 03:19.00:18.71
16.94: 17.29 H 21.1 m57 91 34, 71.32.01 28 bbs 55 368 21.78 19 88
15.45: 13.32 H 18.1 :34.70:33.28:30.81:27.18:23.12:20.56:21.353
14.62: 13.75 : 19.7 :35.95:533.61:31.74:27.82:2%.59:20.883:20.64
22.88: 21.12 : 25,6 349,46344.09:93,88:368,62:32.81:28.96325,55
14,77: 19.33 : 27.1 :33.,33:3L.82:29.54:25,99:22.40:19,87:19.20
13.69: 11.64 H 17.6 :28.19:26.09:24.94:28%,153519,78:17.49:16.18
22.,30: 17.42 : Kb :1485,.85:46.55:42.87:35.53:32,77:27.63:26.38
21.40: 15.33 : 19.6 :45.46:453,05:39.57:33,94:31.10:26.88:26.49
2l.24: 15.51 : 2l.l  :48.92:45.88:343.16:36.43:32,79:28,06327.99



AFPFNDIX I cont.

H : Mechenical Analysis s T H H
Associetion:Depths % ¢ % . :%Totel:s % 3 % s % : % sdpparent: F.C.:
¢ ins,sF.5.:V.F.8. 3sand s:silt sclay :0.M.:C2C0xs density:s %
Fine textured
Red River 3 0-10: 4.1ls 10.1. : 15.8 :20.1 :64.1 :5.,55:s 0.90: 1.25 44,06
$10-21: 0.4: 3.0 : 3.6 5 8.7 :187.6 :3.,18: 2.20: 1.35 :42.17:
s21=36: 0.4: 2.4 3 2.9 211.5 385.6 :2,07: 4.628: 1.38 3:39.30:
Portage : 0=11: 2.3: 2.3 : D0 346.6 348.4 :6.,48:20.77s 1.35 :40.52:
211-20: 1l.2: 1.0 3 3.3 :53.0 :43.7 :2.14:531.91: 1.49 :35,20:
Gre tna 02 0=13:13.435 28.9 : 46.1 :14.7 :39.2 :2.,48: 0.0 : 1.69 :26,53:
:13-19:12.15 24,6 . 3%.1 :15.9 245,00 :1.31: 1.39: 1.58 322,563
$19~36:19.7: 36,1 : 60.4 :14.6 325.0::0.,97:11.82: 1.60 :22.58:
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Ayailablezﬁnailablq: Moisture retsined =2t vearious
P.iW.P.:moisture smoisturel: tensionsg (atmospheres)
Jo_3f by wt. sby volumes 1/4 : 1/3 : 1/2 5 1 3 5 : 7 : 1b

£6.7 150.75:46.25:42,09:535,56:34.19:28.86:27.51
22.6 :08.47:53.59:50.028:42.05:38.87:3%,26:3%,16
3l.6 :50,b2:47.,43:44,35:37 .52:34.40:29.58:29.46

22.74: 21,30
25.42: 16,75
22.83: 16.47

- 3 - . - - .
.

28.7 346.57349.37:42.806:39.77:29.59:87.30:26.01
2.9 :40,63:42.44:37.18:35.02:26.49:24.63:20.70

19.27: 21.25
15,78: 19.42

T 8% e A% ar we

. . . - - .

24,7 :31.94:27,79:25.86:2%.51:19.41:16.28:14.74-
14,3 :33.88:20 .45:26.85%:24.57:19.88:16.80:15.52
B3¢l :123.71:21.94:19.96:18.41:514,74:12.,40:10,.98

11.92: 14.61
13.80: 9,06
8,173 14.41




VIII AFPEN

SUMMARY OF

H s Mecnenicel Analysis L : : :
dssocistion:Depth: % : 7 1%lotel: % s % >+ S sApperent: F.C.:
i

LI L
3
ot
.

: ins, 17,8, 3V F.3. ssand  :silt :clay :CaCOzs density: % 3

$18~-36: l.3:

« ° . .
* . .

28.,63¢ 1l.56 :20.91:

* -
. . »

Gilbert : 0-10329.9: 38,6 : Bleb 3 8.8 3 9.6 34,265 6.37: 1l.46 s18.77:
$10-16:31.45 33.3 & 79.4 & 6.9 313.7 $1.75313.18: 1.48 :14.09:
$16~36 134,81 47.0 : 93.9 ¢ 3.3 : 2.8 :1.24:13.,43: l.44 : 7.48:
Gilbert s 0=8 :56.43 8.8 3 89.3 3 4,0 s 6.7 :1.45: 0.0 5 1.71 - ¢ 7.71:
: 8-18:43.2: 6.6 3 B6.,7 3 6.8 5 6.5 :0.87: 0.0 ¢ 1l.74 s 5.80:
$18-36 15155 4.6 : 83.4 : 8.8 5 7.6 30,73 1,15 1.75 3 b.76:
: : : H H : : : : : s
Dutton s 0=12:14.9: 11.2 : 34.4 :33.1 :32.5 :5.79: 4.82: 1.40 :26.78:
$30-363 2¢35 4.7 3 13.8 3bL.2 :35.6 :1.24:28.3D: 1.52 :20.03:
Pleinview : O=8 : 9.8: 1l.1 : 22.5 334.7 :42.8 :6.73: 0.48: 1.17 :32,53:
: 8=163: 9.85 1l.4 3 22,2 340.7 :37.1 51.763 6.57: l.24 :26.33:
: 6=36s B.3: 0.6 3 3.8 68,0 :38.2 $1.13:22.33:  1.52 :23.19:
512-20: 2.1: 1le4d 3 4.7 341.0 :54.3 :3.11: 0.0 ¢ 1.35 :34.87:
$20=%63 1lo2: 1.0 3 2.9 548.9 :48.2 51,7683 3.63: 1l.64 332.28:
Lekel and s Qw6 310.0: 40,6 : B4.7 :26,0 :19.3 36,51 2,83: 1.18 :33.12:
: 6=18: 3.63 10.1 : 14.9 :54.6 :30.5 50.66:20,17: l.45 :17.54:
2.1 ¢ 4.8 :65.0 :30.2 :0.41:




DIX II

1964 SOILS DATA

:Available:Availablq: Moisture retained at various
P.W.P.:moisture smoistured: tensions (ztmospheres)
% 3% by wt. sby volumes 1/4 : 1/3 : 1/&@ s 1 :+ & 5 7 3 15
6.06: 9.71 H 14.2 313,92:12.33:12.59:11.19s 8.,36: 7.30: 6.54.
4,71: 9.38 : 13.9 :13.40:11.88:11.85:10.60: 8.20: 7.20: 6.37
1.78: 5,70 : 8.2 3 DH.22: 4,23: 4.28; 3.34: 2.575 2.17: 1.86
2.60: 6.1l H Be7 3 7.ll: 6.10: 6.22: 5.27: 4.09: 3.47: 3.10
2.71: 3.09 : 5.4 : 6,07t £.26: 5.43: 4.42: 3.11: 2.65: 2.42
2.03: 3.83 : 57 3 6,983 5.96: 6.13: 4.94: 3.37: 2.98: 2.63
11.66: 15.12 : 2L.8 :126.35:23,68:23,14:20.60:16.78:14.,93:12,96
9.49: 12,99 .: 18.3 :28.45:25.08:24.68521,97:17.67:14.66:11.79
9.80: 10.23 : 16.5 :27.24:24.99:23.91:21.42:17.,91:14.43:11.88
16.44: 16.09 : 18.8 :31.97:30.78:29.42:28.75522,88:20,63:17,97
11.87: 14.46 s 17.9 $27.29:25.23:23,.,83:22.856:18.07:16.35:13.96
11.34: 11.85 : 18,0 :27.81:25.94:24.35:23.,01:17.56:15.19:12.95
19.80: 17.58 H 22,3 340,01:38.44:37 ,353:35.65:29.26:26.60:23.26
19.8%: 15.04 : 20.3 540,58:37.569:36.77:35.41:26.68:26,11:21.88
18.10: 14.18 H 23,3 :38.,83:37.363:35.,16:38.882:26.64:23,67:30 .40
11.62: 11l.6 : 13.7 :2E,48:23.66:21,76:81.63:15.,35:13.83:11.85
8.62: 8.92 : 12,9 :85,77:25.30:82.73:21 ,25:15.36:12.85:10.48
7.78: 13.19 : .6 $31e61:H0,12:28,22:26,72:18,16:12.,07: 9.75




