
the

RtrjlJ-ql0liÊhlf BEfWEmü SOIL C0i\,F0Nrl\TS

SOTL }'i,.YSTC¡J, COÌTSïA}.JTS 0,1' SCME

M¿IìITOBJ, SIIS

A Thesis

Sub¡nitted to

Faculty of Graduate Studies arrd Research

The University of Manltoba

In Partial Fulfillment

of the Requirernents for the Degree

&iaster of Science

by

Carl Frencis Shaykevuich

February 1965



ACIü(O'uJIJÐGÌ4ffiITS

The v¡riter i,¡ishes to express his appreciation to:

Dr. i"l. ¡1. Zwarieh, Assistant Professorr Ðepartment of Soil

Science, under r"rhose immecliate supervision the investigation was

cond-ucted, for his guidance and criticism of the rnanuscript¡

Dr. l,l. H. Yeh and l[. Iongmuir of the Department of

Agricultural Econonics for assistance with statistical analysis of the

data;

Dr. R. 4.. I{edtin, Professor and. Heacl, Department of Soil

Science, for amanging financial assistance.



ÅESTP,ACS

[he relationships between soil components and soll physical

constents were investlgated on 94 soil samples varying wldely in

physical composition. The soil conponents used were fir,e sandr very

flne sand, silt, clayr orgaric rnatter and calc1¡rn carbonate contert.

[hese were related to apparent density' field eapaclty' permanent

wiltlng percenta¿çe, available molsture (dry weight basis), aveilable

rnoisture (volume fraction) and rnoÍstu-re retalned at L/+, Lß, L/2, I'

5, 7 and 15 etrnospheres tension by n'iultfple regression a¡alyses. The

relationships were subsequently tested on IB soil samples fron sites

not prevlously investigat,ed..

The results presented show that a hlghl¡r signfficent relatlon

exists between soil components and. every soil physical consta¡rt. A

detailed discusslon of the extent enC nature of each relationship and

its usefulness for prediction purposes is gÍven. A comparison of the

errors ln prediction ln the rtostf soils end in the solls used to

derive the relations ls elso glven.
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t. INTRODUCIIoN

It has long been recqnized that oil physlcal constents are

re1ated., qualitatively at least, to so11 physicaJ- components. Fiel_d

capacity, permanent v,iiltirrg perceütage, and molsture retained at verious

tensions are known to i¡rcrease as percerrtage of fine particles in the

soil increeses. Apperent denslty 1s known to d.ecrease as the percent-

age of clay and orgenie matter increase.

fhe purpose of the present study was to d,ete¡m1ne; (I) the

extent and. nature of the relationship of soil components to eech soll

physlcer constant; (2) the useftrlness of each relationship for pre-

diction purposes.

The soll physical constants measured were apparent density,

fierd eapacity' permanent wilting percentage, available moisture (¿ry

weight bas is ) , avai lable moi stur e (vo.l-r¡ae f raction ) end moisrure re-

tained at lf+, tfS, t/2, I, 5, 7 and lb atrnospberes tension.

De.Leenheer and Yan Ruymbeke ( 4 ), r,rcrking in the tselgian $ea poLder

"Area found that those components which afíect the values of some soil

physical constants were silt, clay, organlc matter and calcium cerbon-

ate. rn the present study it was fert that in addition to these, fine

s¿nd and very fÍne sead could possibly have an effect on some of the

soil physicar eonstants. îherefore the percentage of fine sand and

very flne sand as welL as silt, cray, organic natter and. calclu.m

cerbonate were used as independent variabl€s.



Ir.
lrpparent Density.

Appareut density

per unlt voluno. It ls

or rvolume weighttr.

REVIEIJ'J OF LIÍIERAMIÂE

may be defi¡red as the weight of oves+dry soil

elso sometirnes referred to as nbulk densityn

lhere are three nain methods of determlniug apparent denslty.

These are (a) by deternining the volume a¡rd the vueight of e soll frag-

ment from the field, (b) determining the volume of a hole from which a

welghed arnount of soil is teke¡r and (c) welghirg the soil taken from a

hole of standard dimenslon. In aII cases a correction must be made for

the moisture content of the soll. In the ffrst roetùrodr deterrninatlon

of volune is usuaLly done by coating the soil fragnent ïüith wax and,

weighing it in air and water. fn the second methodr the voLu¡re of the

hole nqy be determined by meesurement, or by filllng the hole v¡ith

some liquld or granular Ðlld of knor,vn denslty. The third method ln-

volves the taking of cores of speclfic di¡tensions. A wiile variety of

core senplers varying ln diaeter end helght have been used. _

The determination of apparent tle¡rsity ls a very time consuning

process. If one cou1d. pretllct the apparent denslty from solI compon-

ents a conslderable æou¡t of tlme v¡ou1d be saved..

De leenheer and. Van Ruynbeke ( 4) attennpted to relate apparent

denslty to so1l components on 114 arable lend end.82 meadow samples.

As a startlng hypothesis they assumed that percent clay (<.OOPmm. ),

percent silt (.02 to .002nr¡n. ), percent coarse sltt (.OP to .Ob rnrn. ),
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perceot CaO0gr Bercent orgârlic matter, plI, total cation excheüge

capacity, percent water at samplirg, and aLl the interactions of the

above were related to apparent density. 
.,

The flrst step in their calculatlons was to determfne by cor-

relatlon analysis the variables vd¡ich were itruly iadependentt'. If

the correlation coefficient between two variables was greater than

0.70 they assuned that the two variables were dependent on each other,

and. one of them was excluded from subsequent celculations. The second

step was the calculation of the partial correlatlon coefflclent for

eech of the independent veriables versus apparent derrsÍty. If the re-

sult was lower than 0.22 for niead.ow soils and lower than 0.1-95 for

arable soÍIs, the corresponding independent variable was also elfunin-

ated. Finallyr the multiple regression equation for apparent density

was calculated.

the equatlons prodicting ar)parent density (4.D.) obtalned by

De Leenheer and Van Ruymbeke, togetherwith the values of the coeff-

iclent of multiple correlation (nl end the standard. error of estimate

(See) are glven below¡

Meadow Solls (82 samples)

A.D.E1.?8r,36 - 0.004239 (f"e]'ay) - o.05o4sz (:¿ 0.¡!1. ) (0.1¡
-O.oO?612 (1" H2ol

(R=0.9966, see=O.0677 )

¿{rable Soils (tt¿ samples)

Â.0.=1.6609?8 - 0.OOISE6 (/LeLay ) - O. OO??b (CaCOg) (0.e)
-0.05211s (7. O,M. ) - 0.0Q2443 (î" nà0)

( R=0.8249, see=o .oz 27 't
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iron the rel.atirrely high values of the eorreletion coefficients

and the re-!-atively ioiry v¡lues of the standerd error of estimete one ca:

concl-uCe that the relationship between so11 coraponents enC a.pparent

density is quite good. ['he reletionship is slightly better in the

rnead,ow soiis than it is in the arable soils.

tr.iefjl Capacf t y.

Veihrneyer and Eend.rickson (¿f) aefined field capaclty es the

amount of water ln the so1I after the exeess lvater had drained. an'ay

and the rete of dovnward movement of r¡eter had materlally decreased.

this contlition is usually reached v¡ithin tlllo or three days after a

r.ain or irrigation 1n pervious soils of uniform structtre and texture.

The most lmportant feetors affecting fleld capacity are soil

texiure, u¡;iformity and depth (2I). If a fine textured soil overlies a

coarse soil, the zone immeoiately above the coarse layer t¡rilf have a

higher fietd capaclty than it uould have lf it were unlfor¡n throughout.

*4J,so a shallow soll holCs more v¡ater per unlt depth at field cenacfty

than a deep soll of the same texture.

One cen readily see that fîeld capacity is not a well defined

soil constant. It is affected by factors other than soil components.

Therefore, one r,vould expect thet soll components r¡ou1d not be releted

as closely to fleld capacit¡r es they rvould to ¡rermanent wilting

percen tage.

De ]*eenbeer and Ven Buymbeke (4) tried to predict fleld

capacity (¡'.0. ) f rom soil components. [heir ec¡uations are as follov'¡s:



Meadow Solls

F.c.=4.43bLL / o.ztzoog ("/" cLayi / o.!7r,2e'4 (/d coerse
slrt) / t.øss+te ("þ o,rl,) 10.14?961 (ia cac03)

(B=0. 9oE7 , see=o.0665 )

"Arable Soils

tr'.c.=0.290655 f O.+OOO}6 (fo cLay) I0.262886 (iå coarse (0.4)
silt) f z.zz+oe} 17" o.M,.J I 0.42686 (7o ce9}sl

(R=0.9I55, see=4. 5511 )

(0.3)

(0.5)
(0.6 )

(0.7i
(0.8)
(0.e)
(0.r0)

The correlatfon coefflcients sholr¡ a close relationship between

fieLd capacity and soil components. fhe standard errors of estlmate

show that there rnay be considerable error in soils with a low fleld

capaeity, however.

Richards and. Ìírfeaver (t9 ) f irst suggested the use ot lb.e L/3

atmosphere percent€ge as an approximatlon of field cepacity. fhey

assumed that the moisture eo.uivelent was close to field capacit,y and

related tine L/3 atmosphere to rnoisture equivalent. They found that ihe

t/S atnosphere percentage üras equal to moisture equivalent in most

c ases.

Haise et 41. (5) working'with Great Fl-ains soils of Montana

found a highly significantly correlation between fleld capacity and the

l/tr atnosphere percentage. fhelr equations are given belolu¡

O-Iz', tr'.C.=?.6 / e.6¡g (t/s atn ZA (r=0.gst|i
L2-24n F.C.=5 .g '/ 0.5ô5 ( t/S atjfr- i¿) (r=0.96e*t)
24-g6n F.C.=5,4'/ 0.531 (t/S etrf- 7å) (r:0.943f x)

õ6-48n F.C.=5 .g 'l O.4er (l/S atn 7;l (r=0.91?xx)
4B-6On F.c.=4.r 'l o.51g (t1s atn /") 1r=0.9l9xx)
6o-?2n F.C.54.6 I 0.518 (L/g atn 7") (r=0.8860'*)

#signiflcant at Llà LeveL
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lhe correlation coefflcients indicete that, exeept for the last

depth, there is close rel-atlonship bett"reen fierd capacity and the 1/3

atmosphere percentage.

Permanent ltüilting Percentage.

Perrnanent vrllting' percentag¡e has been defined. by Veifuneyer and

Hendrickson (ee) as the lower ll¡nit of readlly available rnoisture. 'It

1s the rnolsture content of a soil utren plants perrnanently wtIt. Further

extractlon of water does not cease. However, the moisture content whea

plotted against time glves curves that are almost horizontel after

permanent v'd. Iting percentage has been reeched.

VelÌrmeyer anC. Hendrickson (2f ) fotrnd that the trmrmanent wilting

percentago corresponded qulte well to the minimum moisture content

attained fn a cropped field. Plants reduce the rnoisture content to a

mininum whÍch is slightly below the permanent wllting percentage.

Ilowever, the difference is very snaLl.

Hendrickson and Veihrneyer (7) showed that the permaneat wllting

percentages were the same whetber the determlnations were rnad.e using

plants with a single leaf or e pair of leaves or v'¡hether }arge or small

containers were used.. lhey also found thet snaLÌ changes in temperature

bad ao effect on permanent wilting percentage.

lhe above stateroents indicate that peruranent vdlting Percent-

a€le Ís a reasonabl]'well defined constant and is cheracteristic of the

soÍl irrespective of the test plant or the envirorrmental cond.itions of

the determinatlou, Since tbis is not tru-e of fiel-d cE:acity, a sLoser



reletionship to soil components would be expect,ed fron permanent

wllting percentage.

The equetlons predlcting perrnanent $¡ilting percentage (F.Ì'rí.P. J

from soÍl cornponents obtalned by De Leenheer and Van Buyrnbeke (4) are

es folÌows¡

Ileadow Soils

p.w.p,:r..62?05 / ,o.++OsZ? lf" .cravl I 0.LL6234 (0.1r)
l/i cac4)'f r"ooo6os (Ti o.w.l'

(R=0.949?, see=a. 7 242)

.Arable Soils

p.!T.p.=0.66156 f Q.ZOSAZ? (7è el.ayl / O.044669 (þ coarse (O.re)
silt) f a.tseozs (7o cacos) f o.e+930e (/o o.M.)

(R=0.96b8, see=1. 6805 )

As lndicated by tb.e higher correlation coefficient and smaller

stendard error of estimate a closer relationship exists here then in

the case of field capaeity. However, as Ín the case of field capacity'

the standard error of estlmate appears quite large for soÍls of low

pernranent vrllting percentage.

Ilutcbeon (g) obtalned a correlation of 0.956 bet$,een percent

clay and pernanent wilting percentage, and a coruelation of 0.758

between percent organlc matter and permanent wilting percentege. The

multlple regression eguation predlcting perrnanent wilting percentage

from clay and organic natter obtalned by Ilutcheon is as follows:

p.",i,í.p.=-g .L f 0.245 (iL cray) ,/ o.ass (7á o.¡,t. ) (0.r3)

I'or the same soils used to determine the relation, the perrnanent

witting percentages were cal-cuLatecl from the equation. These v¡ere
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compared with the observed values. In almost all ceses the calculated

and observed val-ues $rere found to agree to wlthln 2 percent.

Richards and lÀleaver (tg) studied. the tension wlth which soil

moisture v;ss held at permanent wiltln€; percentage. Tbey concluded

that on the average the rnoisture retained et 15 at¡nospheres tension

(F.Å.P.)was the best estimate of the perrna,nent wilting percentage.

Slnee then a nurnber of relationships between perrnæ.ent wiltlng

percentage and the l5-atmosphere percentage b.ave been determined.

Richards and i¡ied.Ieigh (lB) obtained the regression equatlons relatlng

permanent wiltlng percentage (P.ú'i.P.) flrst perrnanent wiltlng percent-

ege (IÌ.P.W.P.) end ultimate wilting percentage tU.u{.Þ.) to the

I5-atmosphere percentage. The soil was assumed to have resched the

flrst penrranent nÍlting percentage when the Lower leaves of the

sunflower plant had wilted-. $he crtterion used for the ulti¡Tate

wilting percentage was the v¡lIting of tbe upper l-eaves. the eqrrations

obtained are given below¡

P.W.P.=0.95 f O.OO (F.A.P. )

F.P.üI.P.=L.50 / !.O22 (r'.A.P.)

u.1¡ï.P.=0.36 / 0.865 (F.,AqP. )

( 0.14 )

(0.15)

(0.16 )

Lehene ar:d Staple (15) deter¡nined the ultlmate wiltlng percent-

age and related. 1t to the l5-atnosphere percentage. Their equation is:

u.,/ü.P.:0.35 / 0.955 (F.A.P.) ( r=0.995 ) ( 0.17 )

lhis equation le very slmilar to tlo.e one obtainecl by Richards and

f'Jadleigh for ultimate vrllting percentage.
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Selnonen ( 0 ) aetermined the permanent rqilt Íng percentage using

to¡natoes as the test plent. FIe fou¡d that this perrnanent vriltlng per-

centage was related to the l5-atmosphere percentage by the equation:

p.lJü.p.=1.1b (I'.A.p.) / O.ef ( r=C.99 ) ( 0.18 J

Frorn thls equatlon llelnon conclud.ed that the perrnanent wlltlng

pereentage as determlned by the tomato plant method corresponded Euite

closely to the first pernanent wilting percentage as determined by the

sunflower ¡nethod.

lVitcox (24) showed that the relatlonship of the first perrnan-

ent wflting: percentege to the I5-atmosphere pereentage could be

expressed by the followlrg equatlon:

F.p.ìli.p.3o .662 f 1.016 (F.A.p. ) ( r=0.g9, S""=9.59¡ (0.19,)

IÏaise of aI. (5) used the frninÍmr¡m point' as a measure of per-

manent wilting percentage. lhe mlnimr¡¡n poÍnt was defined es the mean

of the lowest nroisture percentages at a glven depth on a crþpped fleld

over a period of years. The regression equations relatiry the 15-

atmosphere percentege to the minimum polnt (M.P. ) are given below¡

o-l?t' M.P.=o.g y' 0.651 (F.A.P.)
[;:::g:$il
i;:t:r#i
( r=o.gtdx )

( r=0. ? b}{<*i

(0.20 )
(0. u 1)
(0.?2||
( 0.25 )

(0.24)
( 0.¿õ )

!2-241'. frI.P.=0 .Z I. O.?58 (F.A.P.
24-g6n lvl.P.c0.2 f O.791 (F.A.P.
56-48'f fui.F.=0.9 f 0.904 (I-.A.p.
48-60f it.P.=0.2 f L.0L (¡'.A.F.
60-72n M.P.=2.b I 0.996 (F.A.P.

Haise et aI. concl-uded from the above results that the field

deternined ninlmum polnt in the second- and thlrd foot corresponded

**slgnifi celt at Lfo



quite ciosely to the ultimate wllting percentage.

lower velu.e of the correlation coeffictent in the

limited root distribution at this depth.

Available Isloisture.

*MIIC=6.5 / 0.A6 (ií silr)

Shis relationshÍp was linear indicatlng that

of the silt content.

IO

They attributed the

sixth foot to

( r=0.75 ) ( 0.26 )

ALfi{C ls a linear function

Avallable molsture expressed on e dry '¡'eight besis is the

difference in the moisture contents at fleld capecity and perrnanent

wirting percentqe. rilhen tb.is figure is multipried by the apparent

density the percentage avallable moisture on a voh¡me basis is obtalned.

Hlrl (8), vrorklng with soils ranging from loamy send to sirty
clay loarn in texture, formd e, highly Bignificant corelation betr¡een

the availabre moisture hordlng eapecity by volume porcent (¿liuc) and

the silt conten'u. The folrowing regression equotion was obtained¡

HiII found that cepiliary porosity as well as silt content was

slgniflcætry related to JlMlIc. [he regresslon eo-uation is¡

ÁlfH0=-3.4t / O.LZ (1" silt) / O.+t (ii capiLLary porosity) (0.rA?,}
( r=û. 81 )

äill tested the regresslon equations that he obtalned on soils

other tban the ones upon i¡fiich the regression was based. I{e found that

the largest error was about 5 percent while most errors were about

3 percent.

Wilcox end SpiJ-sbury (Pb) found that the available ¡nolsture

hording capacity was significantry correreted with the silt and clay
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content. Soils shovued an increase 1n evai leble rnoisture up to a

colloid concentratiorr of ô0 percent (coll-oids lncluded. all partlcles

Iess than 0.02 ¡nrn. in size). Solls with e colloid concentratlon

greater than 60 percent showed no further increase in available mois-

ture. This was due to the fact that as e soils becare flner in tex-

ture, the field cElâcity increased at a Cecreasirrg rate, whereas the

perrianent wiIting percentage lncreased at en increesing rate. 'lìlhen a

colloid concentratÍon of 60 percent was reeched the pernanent wilting

percentege rùas increasing just as rapldly as the fÍ-éId capacity, so

that the dlfference between them tæded to rsnain constant or even to

d.ecrease.

iïilcox and Spilsbury also found a highly slgniflcEnt negative

correlation(r=-0.855) between available noisturo end. the sand content.

Jamlson (10) end Janlson and Kroth (ff) found that the ar¡aÍl-

able ¡noisture holdlng' capacitles of sorne sllty soÍls of Ii4lssouri was

primarily rel-ated to the total silt content. Their results showed that

thls capaclty actually decreesed as the cley percentege lncreased.

Organic matter increased. the avallable rnoisture holdlng ceçacity only on

very sandy soils.

Jamison and ikoth (I1) found that coarse sllt (0.0S to 0.02 sun. )

increesed the available moisture holding cEracity rnore than fiae silt

(O.OZ to 0.00¿iinm.). Availab1e moisture increased. generally with

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

creesed with ojoarse sllt and d.ecreased with clay. Sherefore, the effect
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of orgæic matter was masked by textural chang:es. onty in a grouping

of soils beti¡reen l3 and 20 percent clay was there evldence that organic

matter increased the availabre moistrre. rt was strggested that Ín
these soirs, siLt-sized" micro-aggregstes formed the clay and orgenic

matter.

Lund (I4) and Bertelll and. Peters (2) elso found that avall-

able molsture was correlated w.lth silt content but not with the clay

conte¡rt. i¡-und for¡nd that organic matter increased the availabre

¡noistrrre only in ser¡dy soils.

.Soil liloisture Retention and SoiI Co¡nFonents.

The relatioa of soil cornponents t,o moisture retained at

r¡arious t'ensÍons ln the range of avai rabre rnoisture has not been

studied as sucþ iroruever, meny lnvestf.gators have related the L5-

atmosphere percentage to soll compon@.t s.

Nielsen and Shaw (f5) retated partlcl_e size distrlbutlon data

obtalned by the hydrometer nethod to moisture retained at 15-atnosphere

tenslon. lhey found a highly significant correlabion (r=0.808) between

percent clay and the l5-atmosphere percentage. l¡ilhen the peïcent si1t,
sand. and clay were rerated to the lb-atnrosphere percentage the coef-

ficierrt of nultiple correlation l.¡as 0.8I5. This tuas not sÍgnlficantly
different from the si¡rple correlation coefflcient between the I5-etmos-

phere percentage and percent clay. Nielsen and Shaw al-so found a highly

signlflcent negative reLetionship between pereent sancl end the

r5-atnrosphere percentege,rl-o.ò37. Lund (L4) fou¡d a highry significent
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correl-atio¡i, r=0.932, between ihe clay content e,nd the Ib-atrnosphere

percentag'e.



TII. M.ATET.IAI"S ÁI'JD TETHODS

!-pparent Density.

Apparent densities were deiermined by borlng a hole approxlm-

ately 4 3/8 inches in diameter and 5-? inches deep with a post hole

auger and by weighing the soll removed from the hole. lo obtai¡ the

volurne of the hole the depth and diameter rTere rneasured with a ruier

and callper, respectiveJ-y. !-rom the soil removed from the hole a

representetive sample was taken for moisture determination. I]sing the

moisture content of this sample the dry irielght of the soll taken from

the hore was carculatecl. rrhe dry weight divided by the volume of the

hole yfelded the apparent density.I

Four replicetes of the apparent density were d.etermined in each

of three horizons at eech site.

}'ig,|g Capacity.

For this determination a five-foot-serlêre area vùas fl-ooded. v¡ith

enough water to thorougbly vuet the soil to a depth of four feet. After

all the -r¡;ater hed infiltrated, tlie plot was covered ruith polethylene

to prevent evaporation. Throe days later four soil sampLes from each

of three previously d.etermined horizons were taken fro¡n a three-foot-

square area in the centre of the plot.z lhe solL sampres were d.ried

l$ti" method. was tested against t,he sand cone methoC (AS$M,
Procedures for Ts-sting gsi,ls. 1958. pp 422-425.). ûnalysis of the

rence between the I'atrger' rnethod described
above, end the sand. cone method.

I-In the first two years of the experirnent, sarnples were taken,
at 5 ô and. I days efter flooding. Anal-ysfs of veriance of the data
showed that there was no significant difference in moisture content at
the three sampling dates. fherefore, in 1965, samples for field
capaeity u¡ere taken only once, 5 or rL days after flood.ing.
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at 110oC and the molsture oontent was calculated on en oven-dry basis.

Sermanen'L 1,[11t1ng Percentage Deterrnlnations.

ïrlilting percentages were determined by the sunflower method as

outllned by Lehane and Staple (I5). lhe wllting of tbe upper leaves of

the sunflower plant was used. as the crlterion of wllting.

Determination of Available MoÍsture.

lhe percent avallab1e molsture on a dry welght besis was

obtained. by subtracting the moisture content at permaneat wlltlng

percentage from that at fÍeld capaclty. Avail-able molsture on a volume

basis was calculated by multiplying the pereent available noisture

(dry weight besls) by the apparent density.

Iúolsture Retentlon Data.

&loisture retentlon data were obtained by usfng the pressure

plate and the pressure membrane apparatus as outlined by Rlchards (1?).

Particle Size .Analysls.

Particle size analysis was determlned by the method outllned

by Kitmer and Alexander (tP).

0rganic l[atter.

0rganic ¡natter was determlned by the chromic acid oxidation

rnethod outlined by Feech et al. (16).

Calc lum Carbonate Determlnatlons

lhe method used vúas a nodlflcatlon of the methods given by

¿Aams (f ) and by rtriaynick (Zs). A .5 gm. sample air dry soil ( 12nn)

was dlgested for I0 minutes ln I00 rnl. of l¡0 HüI solution. [he carbon

dioxlde evolved was drawn by suction through a drying end absorption
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train conslsting of concentrated HgS04r a tube of Dehydrlte and C'aCI2.

She carbon dioxide was adsorbed. by the Ascarite ln a Àlesbitt tube. lhe

weight of carbon dioxide multiplieð, by 2.27¡ i.€. (formula weight cec05)
(?offir'lefffiæ'z )

gave the weight of CaCO, equivalent in the semple.

Statistlcal $nalysis of the Data.

In this study, percent fine sand (.25 to .I $m.), percent very

fine sand (0.1 to 0.05 nm. ), percent silt (.05 to .002 ¡nm. ), perce:rt

clay (less than 0.002 mm.), percent organic rnatter, percent CaCO, and.

percent flne plus percent very fine senC were used as independent

varlables.

the first step in the calculatlons was to determine which of the

independently variables had a high mutual correlation coefficient. If

the correlatlon coefflcient betvueen any two varlables vuas greater than

0.70 it l.Tas assuned that they were not ftruly independentt and one of

thsn was eliminated. By multiple regression analysis the ttruly

lndependentf variables were then related. to the dependent varlables.

(See TaUle I for list of independent and dependent variables).

fhe rtr value of each regression coefficient was calculated and

compared with the critical ttr valu-es at the 5 and I percent levels of

Brobability. Indepen.dent variables which did riot ¡rake a signiflcent

contribution to the relationship at the 5 percent level were deleted.

Only those variables which contributed significantly to the relationship

were included in the finaL muitiple regression analysis.
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TASIT] I

LISÎ 0F U{DEPÐADB'IÎ AI\ÍD DEFEND$'IT V"AI':IABI,ES

Dependent Varlables

.Itpparent density... ... ... o..
Field Capacity...... . .... ...
Fennanent i,tllting percentag€. . . . . . . . . , . . . . . . . . . .
Available moisture - dry vieight percentagê......
Available ¡noisture - volume fraction. ...........
1/4 atmosphere perce[tag€o.. o ............. ot,

l/3 atrnosphere percentage.... ..... .. .... o..t,

1/Z atmosphere percentagê¡........ .o.....o.
I etmosphere percentag'e.o ..... ......
3 atmosphere percentâgor.. ...... ... .. . e..
7 atmosphere percentage.... o c... !. o......
15 atrnosphere percentage"... . .. .. ¡... .... o

fndependent \rar iables

.ê.bbreviations

percent
percent
nercent
pereent
pereent,
percent

f ine sani..
very fine

.4.D.
F.C.
.t)l¿fD
¿ a¡ua¿ a

A.iü.F.ll.
"Íi.ir4.V.F.
t/+ - atn ll
L/.3 - atm io
L/2 - atn lá
I - etrm/'
3 - atn/à
? - atn{o
l5 - atn ll

Abbrev iat ions

/o J oÈ o

¿ v.F.s.
il silt
/c ctaf
ún¡¡

fl, ÇaCAg
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rlhe d,ata for 94 soil sar,'Ìples r:sed in thj.s study v;ere divid.ed

on a profile basirl irrto five tertural groups. In each textural gJ'oìfp,

an eo.uation inciudíng a1i those irid.ependent varia,t-;les significent in aII

soils ',¡vas derived for each dependent variable. 1'he five textural g:roups

are similar to those outlined by the U.S.D.A. soÍl survey steff (:10) e,:rC

are as follows:

Coarse textured - ssndr loamy sand.
iúoderatel¡r oou""e textured - serroy loast.
i\tfedium textured - loantr silt loan, siIt.
Iíoderately fine telrtured - clay loam, sandy clay loam, silty

clay loam.
l-ine textured - sandy clay, sÍi-ty clay, clay

In the case of Bplsrent dgisity a separate regression eo.uetion

was derived for each of the.A, Ë a¡rd t Ïrorizons.

Sin-çle regression analyses \¡üere cerried ou.t relating field

capacity to tin;e I/3 atmosphere percentege, and permæent wilting

percentege to the l5-atnosphere percentage. fhe relationshÍp of the

1/3 atmosphere percentage and its square to fleld capacity v¡as also

d.etermineC. ï,ikewise, an equation relating the 1/5 atmcspirere

percentage and total porosity to field canaclty was calculated.

Eesting: of Equations"

In l9ti4, six sites were selected in the Dzuphin area, a¡. areâ

that had. not previously beea investlgated. fb.e determinations mad.e on

these solls were the sane as those outlined. for tbe soil sam.pLes on

IThe p"ofile vuas placed in the textural group in whieh the
mqjority of its horlzons occured.
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which ttre rþression equati.ons were based.

I'or the purporìe of pred.iction the 'i.AI"L S0IIS COl,{BIImÐr'

equations containing only those vertables vrhich contributed

significantl-y to the regression were used. å cornparison between

predicted end act,ual values was made. fhen, the averege error of tire

predictlon for each dependent variable was caiculated in ord.er to

evaluate its precislon.



IV. RðSULïS .AliÐ DISCUSSIOI,I

Correlatlon Á¡ralys is .

Ehe resu.Its of correlation analysis are presented in the

form of a correl-atlon matrix in fable ià. Examination of the table

shows that correlation coefficients greater than 0.?0 were obtained.

between "/J t.s. { % V.ï.S. and 71' V.}'.S., end between fo T.S. /'/"V.I.S.
anð. /' s1It. lherefore 7, V.S. /'ià V.F.S.'lÀras considered d.ependent on

Zo V.¡'.S. eo.d. 7à sllrt. .As lt was not e ttnrly lndependentr varial:le Ít

was not useC in su-bsequent regression æ.alysis.
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3PP¿]"JOIü DEI{SIIY

Equation (1.1), fable 5, shows the relationship between

apparent derslty and the lndependent varlebles fine sand., very fine

sand, silt¡ clÀy, CaCCg and organlc matter. Since the't? value of

the regression coefficient of f irie sa¡rd was not sþuificant, fine sand

was el-lminated as an independent varlable. She retnainirg indepørdent
:

ourÍables were used to derlve regression equation (I.2). lhe 'tr

values of the regression coeffÍcients in equatlon (1.2) show that all

the variables coritrlbuted sþnificarrtly to the regression. Ðquation

(1.3) illustrates tlre effect of the inclu.sion of the interactions

(fisil-t)l'ii a.Iì,I.), (/o cJayl(?o ca}Ogl ana lö/, clay jl/;0:Uj.) on tb.e

significance of tbe variables used 1n equation (t.Z¡. I!. equation (1.9)
I

it can be seen that the regresslon coefflcients of ¡\it V .l'.S. ),

(/" srkrlt ¡få cacor), (iá sflt )("/" o.tt,) anc (d¡L ereyl(ft cacor) do not make

sfgnlficaxt contrlbutions to the regression.

Ëquation (1.7) was obtained by progressive eLimination of

varlables not contributing slgnificantly to the regression in eqrrations

(1.4 ) to (f .o). 'Ihe ind.epend.ent variables used in equatlon (1.?) were

Ui elayl, (7;o.Iri.) end lf" clayl(i" o.iÂ.).

In equations (1.2) and (.l..7) the coefficients of determination

are 0.626 and 0.616, respectively. lhus by deleting tbree variabl-es

from eo.uation (1.2i and add.ing the interaction (ii clayl(íi O.M.J there

was a reduction of only one percent of the total surn of sc^uares

attributable to regression. [he standard error of estimabe is the



TABLE

IìEGIìESSIO},I EQU;ITIOI'{S

Ëqn.
IIO.

EQiJaTreN
a.

:S . Rd 3

ee
iZ"

(r.L) Â.D.= L.gzog4 - o.oot9696(?¿8.s. ) - 0.00¿8252(o1ãLî,s.)io.tos:o.64cz
- 0.003642ô(Tbsilt) - 0.00385696(l"cLay)
- 0. o3?58 6i7Ð .Ni. I/O.OOLZ Z+? ? (/ÑaCO3l

(1.2) Â.D.= I.69776 - 0.0016ô4L7(7ãI.F.S.)
- 0.C0240901(7osilt) - 0.00¿b6326( t cLay)
- 0.037? 28? (Ib.M. I -/ C.001628531,?Ña}Cz',t

(1.3) A.D.= -g.aBL?g / tO.S+ne6(7"V.r'.S. )

- 0.000ùôb4t'þsift ) - O.004"¡2L9317,æLay )

- 0.0615t6t5(/û.ñ.) / 0.00r2rb49(caco5)
- 0. 00041064( Tosil-t ) (TÐ .i\i . I

/ o.ooroi, Lo6(7¿crey )( fo.t¿. )

/ il . Ootioo2505 ( "¡"cLay ) (|.cecos)

(1.4 )

(1.5)

(r.6)

A.D.= -9.3599 I tt.02r2ô( 7áV.r.S. )

- O.O0O947gtritcsíIt) - 0.004pb99 ("þcLaV 
J

-0.0?206599(7,Ð.i{"., I I 0.O0IZ?1éB( CaC05 )

/ o.oooszgoz(Joeley i(7.0.1v1. )

å.D.= 1.68150 - O.OOO94?8I? (lißLLrl
- 0.0042þTC(?"cl-sy ) - 0.07206249(7,O.nI. )

/ o.oonrr? (itcaÇos) / 0.oüoezgls(iicray )(i'ó.M. )

A.D.= 1.6?13?B - 0.004?3'7 5(i'æLay)
- 0.0?58084(?"0 ;Ni. I / 0.00101¿5 (/ocLay ) ( 7ob'll. )

f o.ocoesaB6(l,fiacos )

aa

¡0.106 zQ .626 z

aaa

aa

aa

¡0.I05¡0.o4Lz
aa

aaa

aaa

a

a

:0.I05¡ù.655¿
aaa

aa

aaa

ao

:0.105¡0 .6342
aa

aaa

aaa

¡0.L05¿rJ.ô25:
aaa

aaa

aaa

:0.106 ¡0 .616 :(f.?) A.D.= t.ô968? - i.o048oLb97(/'cravl
- 0.0s00¿95(1'ñ.-ì{,.) I 0.0010921(fli'clay )O'0.M. )
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FOR Á.PP,{RH{T I]EÌISIIY

t values for regression coefficients

;x:x¿
!'.S. ¡É ';/.ir.S. ¿í¿sil-t z1' cLayzia A.fu.2 ¿ (?,O .M. ) z (lrj.i'[. ) :
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'.zi¡'¡l.z**i
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¡ :1.49 ¡4.01 :6.15 :1.64 z
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z'.i¡,¡:;,#¿
3 : 24.o6 26.57 s1.48 ..

!.

..zr**tl''¡
'. ï 24.'i5 ;7.10 z ..

x
e99-i5ji

ù.07

xÉslgnificant at L/,
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same for equetions (I.2) and (1.?). It was fett that the increaseC

simplicity of ecluation (1.7) was iuell r,,nrth the sacrlfice of one percent

in the sum of squares due to regressfon. Llson equetlon (t.Z) allowed a

study of the relation between aplerent density and aggregation ( repre-

sented by the interactlon of (fa cLayl7i O.[[.) ). For these reasons

eqrration (t.7 ) was given preference and 1t is the one v¡bich is

subsequentJ- y dlsc ussed.

Equetion (I.7) ls as follows:

A.D.=1.6968? - 0.004ûô159?**uà clayl-.-.. (1.?)
-0.õe00eg u*x; 1B-o:M.l / o.'ôorõgö¿*n (% 

"tuvJ(z; 
o.M. )

(R:0. ?gl'k, see=o.106 )

According to the equation a soil havin6 no clay or organic

matter vould have a densi'ty of I.69687. The soarse-textured soils

having an €verage clay of about l0 percent used in th.e present study

have an average apparent density of 1.b9 (Âppendix I, P.'lo ). ùl'hen

the clay content 1s accounted for, this value 1s not too far frorn the

value of the constent. Thus, the value of the constart appears to be

qulte reasonat¡Ie for soils in v¡hich the sand fraction predominat'es.

iÁJhen the effect of clay is accounted for in mediurû textured, solls, their

mean density is close to that of the constent. fhis sl:or'r,'s that the

consiant is also acceptable in solls 1n which the sl}t fraction

pred.ominates.

Perhaps the most interesting feature of ec{uatiorr (I.7) is the

*xslgni flc ant af Lc/"



relativeJ,y high value of the rqresslon coeffÍcient of organic matter

t-0.0800e95). This meens that if the organlc matter content were

Íncreased from zero to l0 percent, tbe apparæt density woulC decreese

by 0.8. this 1s a rather large reduction. The regression coefficient

of organic rnatter is about tuienty times that of clay and about eighty

times that of the interactlon of clay and organic natter. tbe ttr

values of the regression coefficients of organic rnatter, clay and the

lnterection of clay and organic matter are 7.10, 4.7b and 5.64,

respectively and lndlcate tb.at aIL the coefficients are slguific¿nt at

the I percent Ievel. one cen conclude, tTrerefore, that organlc matter

is by far tbe most important faetor governlng the epparent density of

soils.

Probably one resson why apparent density is affected so

greatry by orgeoríc rnatter is trat the density of organlc metter is

considerably lower tha¡ ihat of other soil componstts.

Equation (t.Z ¡ slrcn¡¡s that the regression coe fflcÍent s of

clay and organlc matter are negative. This is to be expeeted since

the densitles of both. clay and organic matter are lower than those of

other soil components. However, it is lnteresting to note üxat the

coefflclent of the fnteraction of cley and. orgenic matter is positive.

this interaction probabry represents the formetion of aggregates of,

clay and orgenlc matter. rt appears, therefþr.e, tbat for the soils

usedr the formatlon of aggregates increased the Elparent Cæsity. Bhis

is contrary to the corn¡ron belÍef tJrat aggregation increa.ses poroslty end
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therefore, of necessity Cecreases the apparent Censity.

fhe standard error of estimate of eqrration (1.7 ) is 0.106.

Siiis neens that 6? percent of the tir¡ie the reel vel-ue of the apparent

density r¡¡ill be in the range of {O.tO6 of the predictecl value. this

error Coes not appear to be elçcessively large. vlhen one constders that

the standard Ceviation of density rneesurdûents by the au¿'er method. rvas

I
about 0.058-.

lhe ecluations obteined when the data was separated into text-

ural groups are presentod 1n Table 4. Íhe equation for moderately

coarse textureC soils is different from thoso of all the other text"¿ral

groups. Holtever, v;ith t,he exception of this groirpr the table shov'¡s the

following general trends:

1. the standard error of est j.mete increases as the percentege

of flner separates in tire soil increases. Thus the prediction of

aplerent clensity becomes less accrirate as the percentage of flner

separates lncreeses.

2. The interection of clay and orgenic matter has the

greatest effect on density in coarse-textured soils. fn rnediurn,

moderetely fine and fine textured soils the effect of this interaction

is approxiinate-ì-y the sqne.

-.5. The statements mad.e abotrt the interaction of clay and

org€ûric matter also apply to c!6y. -

r-..-lhis was the mean stendard deviation of
taken in I9ô4. It is probatrly a pod estirnate
tion of densit;v measurements taken in the othe.r
experlgent.

the density rneasursnerrt s

of the stendard devia-
three years of the
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Coarse I L2
textured : ¡ -O.L/*6252(/,A:ta.) I : ! 3 :

i I +o.oo673W9(f" ctay){/"o.t"t-) : I ¡ : :

:¡¡3¡l:
tvloderatelyi 12 lA.D.- I./+3227 + .0.0032879(/" clay) ¡ 0.553 IO.O75¿O.39 :0.51 ¿O.77

coarse : : + A.O362757(/,O.t4,.) : ! : : 3

texture.d 3 ¡ -0.00322%56(/" clay)(/"Ð"L') I : ¡ t :

. r : ' ' 3 ai.rtd(Ét'

t4ediurn : I? iA.D.= T.682 - 0.007086g(/" clay) :0.888- :0.0?I:1.55 ¿2.9L ¡1.28
textr:red ; 3 -O.OB803O(%O.ì'Í.) ¡ 3 ! ¡ :

r ¡ +O.OO1?3fi(/,eLay)(/"O.tt.) : : 3 : :
a

t{od.eratery: 3j io.o.= 1.$t-oi} -.0.oog3o zrr5í" ctay) io.rud*io.rzr¡t.92 ta.rJ ,r.0,
fine ¡ : -0.09/+216(/"0.!4.) : ¡ ¡ : 3

textr:red ; 3 +0.001436(f'cLay)(/,O.il'.) : 3 : : :

Fine i ,o io.o.= r.g,;oz- o.ooz2s fi7g" ctay) io.rg#*ro.ro*, z.z{ ir.+f ,r"*,
textr-rred 3 t - A.L]-?¡583(f"o.M.) : : : : '¡ +O.oOl-835U"cLay)(f"o.¡'l'.) I ¡ : : 3

a

Grono : samples¡

TABLE 4

RSC,¡ESSIoI{ EQ'JATIOI{S FgR APPARFI{T DEI{SITY (tmrUn¿r, GRSIIPS)

EQUATION

. . : _t______!_ ¡ ¡. --i--:-------# f;-ætffiiçA11soi1sl9/r¡A.D.=l.6968i7ffi+WaW_5t*l7.I0*f:3.6to,
comblned ! ¡ - O.O8CIO29S$'o.M.). t ' 3 : 3

. : +0.OO1O9o2(/"cLay)(/oA.M.) I ¡ i 3 3

R ls""

*significant at
x*significant at

5f"
L/"

IeveI
1eve1

t\]\:
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4. The regression aoefficients of orgenic matter do not very

as much es the regresslon coefficiests of the other two ind.ependent

variables. The influence of orgæic matter on apparent density does

not vary greatly r¡¡1th texture.

lhe rtt values of clay and orgæic matter in fine textured

solLs are 2.28 and 2.47 respectlvely. This indlcates that the elose-

ness of the relatlonship of each of orgãric matter and cley to apparent

density is approxirnately the same tn tiris textural group. lhÍs is also

trtre of moderetely flne textured solls, except that tbe ftr valrre of

clay 1s not signiflcant. In the other textural groupsr oüe of the

components ls ¡nore closely related to apparent denslty than the other.

The rtf velues of the clay-organic matter tnteractlon (of

wbich none are significant) seem to indicate an lncreasing lmport,ance

of the lnteraction from coarse to fine textured. soils.

lable 5 shows the equations obtained wtren the data were

grouped accordirg to horizons. Eo.uation (I.l-5), predicting the

apparent dørsity of the A horizon has the highest correlation

coefftclent and. all three regression coefflcients ln the equation are

signif icent. lhis rezult lndicates a very close relatlonship betlueen

soil components and epparent density in thls horÍzon.

Equation (I.I¿) used. in predicting the apparent deasity in the

B horlzon, has a highly signlficant correlation coefficient end

slgnificant regression coeffieients for' clay and org¿nic ntatter. [he

reg:res-sion coefficient of the interaction of clay end ot'ganlc matter'
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' i -0.086445(0.lvl.) z . z i i, 2 /O.OOtzv0o(þclay)(7äO.tr.) i i : 3 .

' ' . *t(i i * ¿ **¡(1.14) n ¡ 33 3d..D.3 L,?46b9 - 0.0ù996g8(/"clay ) ¿0.63d- ¿O.1lg 22.6{ :3.gf ^¡2.Ig
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2.3*,1*azit
( I.15) C I 28 3A.D.l L.72407 - 0.OCZ6O5I(7.c1ey ) ¡0.65?-' ¡0.0g4s0.g6 ¡Ê.05 ¡0.62

' i - 0.L447b(7o0.M, ) ¡ i . 3 ¡a
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f.A3Lr 5

REGITESSTON EqiJ.AfIIOl.iÍS FOR .{\*EPJ\RM{Í¡ DEI.rS$'Y (HORIZONS )

( 1.7 I À11;
Horlzons z

a

94 A.D.= 1.6968? - 0.0048616(7o ctey)
- o.o80029b(7" o.br.l
/ o.ootoooz(7ó cLayl(f" o.t¡t,)

* slgnlflcant
* * si€:nifi cent

a\, Þ"/o

at L%

¿0.794** ¡0.106 24.7 Fr
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hor¡vever, d-oes not meke a significant coni:ribution to the regression.

lhis can probatrly be attributed to the low organie ¡ratter iri the B

horizon, resulting in the Iäck of eppreciabJ"e aggregation.

Eqiration (1.15 ), predicting ar)perent Censity of the C

horizonn hes a hÍ¡;hly significant correlation coefficient. IJowever,

none of the regression coefficlents are significant. îhere appears to

be no apparent e:cplanation for this.

0n comparirrg the regression coefficients of organic natter

it is seen that there ls a greater decrease in apparent oenslty for a

comparable increase in organic ¡rre.tter on going fmrn the Â to the C

horiøon. No explanetion can be offered for this either,

lo facilitate comparison of tbe equation obtaineo ln the

present investigations to thet obtained. by Ðe T.eenheer and.

Van Ïluymbeke (4), these equations are glven below.

(1.7)

(R=0,794, suu:o.106)

A.D.=1.6608?8-0.00138ô (iá clay)-O..O0getß (.7; O.!1. ) (0.2)
-o.oo??5 (i," catJor)-o.ooe+¿$ (% It}oI

(R=0. 8249, see=o.o?27 )

lhe ways in whlch equation (O.e) (De Leenheer end. Van

Ruynbeke) and equatlon t1.?) (present stuoy) differ are:

I. [he percentage moisture at sampllng vras not included in

regression analysis 1n the present study and tberefore the (ii ArO ) term

is not present 1u equation (L.7).

2. In equatlon (L.7J,, the lnteractlon of clay and orgenic

A.D.=I.69687-0.004861597. (io cLay )

-0 .080029 5 i% 0.¡¿. JlO .0010902 (7'o cLay ) ( ø 0 .X,{ . )
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matter corrtributed. slgnlficer¡tIy to the regression. fhis was not the

caee in eQu¿¡tiorr (0.21 d.erived by De Leenheer and Van Ruymbeke'

3. De l,eenheer and' Van Buymbeke found that CaCC-a $iãs

signif icantly releted to appe'rent dørsity' ['his ]'{es not the case 1n

the present stu-dY.

As indicatec above, the relatlonship of soil conponen+"s to

er)parent density is rllfferent ln the t'rto Sroups of ælIs"
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FTEID C.AF"ÂSIÍ-T

a) Felation to So11 Conponents.

The Índependent varlables found. to be contributing significantly

to the regression equation predictlng f ield capacfty were silt, clay æd

organic netter. lhe regresslon equatlon is¡

¡'.c.:.r1.4 ?sol / o.ll?ûg'Í'r (7à sir''u'7'ö'.äLï, 6e (i. .cLay, / 
i;13îi}n:rrl;I;1 r'

( a.1)

t'he relatlvely higù. value of the correlation c,oeff iclent

significant at the one percent level of probabi.Iity ind.icates thet a

close relatlonship exlsts between fleld capacity and the soil compon-

ents ( s ilt, clay and organic ¡tat,ter ) .

[he standard error of estimate in equation (2.1) is 3.?3.

This mee,ns that 67 percent of the determined values of field capacity

fal-I in a range of / g.73 from the predicted value. For most purposes,

then, the equatror, lrou" a sufficlently good estimate of field. capaeity.

the rtr values of the regression coefflclents of sitt, clay

and orgerric ¡natter are 5.42, 9.95 and ?.64, respectively. [he rtf

ualues lndicato that all the coefficients are slgnlficant at the one

percent level of probability. Since the 'tf values of the regression

coefficients are not very differentr the extent, of the assocÍatlon

of eech of the three solI components v;ith fleld capacity is about the

sane. No one eornponent stends out as being ¡nuch rilore or 1ess important

#significerit at.Lfo
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than the others in its relation to fÍelC caçracity.

lhe nature of the relatiorrship betrreen solI eornpoaents altd

field capacity is revealed by a further consideration of equation (2.1).

1. .4. soil contalning no slIt, clay or organic rnatter,

according to the ec¡uation, rould have a field capacity of 11.47807.

Soils closest to this conposition are those in the coarse textured

group. lhe average flelci capacity of these soils is Ì5.72 (Appendix f,

p 761. fhis ls quite close to the value of the constant in equation

(2.I) when one considers that the coarse textured solis b.ave a smal-l

amount of each of silt, clay errd orgãric matter.

2" the numerical values of the regression coefficlents differ

considerably. Eable 6 polnts out how the differences in the regression

coefficients of sllt and clay affect the predicted values of field

ca.lacity. In rlable ôa the sand content is held eonstant at 30 percent

and the silt and clay contsrts vary from ]0 to 60 percent anC 60 to 10

percent respectively. lhe predlction values of field capacity for

these so ils show that, at constant sand eontent, no great ehanges occur

in the value of fleld capacity r,vhen the silt and clay contents are

var'ied. Field eapacity is decreesed. only 6.85 percent when the clay

content is d.ecreased from 60 to I0 percent.

'l'able 6b shows how e chang,e ln the send corrtent at the expense

of the clay content affects the predlcted value of field c4acity. At

a constant silt content of 50 perceú.t, fietd cçecity is decreased

J.Z"?L percent i¡¡hen the cley content 1s decreased from 6O to l-0 p€reentr
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T"4BIJI 6

FRfiÐICîTO]tj V;ìLilir;S FO.:L FIILD Cilr¿CI['IES 0¡' CiìGÆ,iIC MSIÎIR IÏ.EA SOILS

V¿F,YING. Iil IIEGti¿fu IC.AL 0CMFOSITIOI{

¿ "i" z ib z 'i, : F.C.¿
; sa,nd : silt ¡ clay ¿ i¡ ¡

a) 3

¡ 30 ¡ l-0 : 60 z 27.69 ¡

¡ 30 z 2A ¡ 50 t26.52t
¡ 30 : 30 L 40 ¡ 25.05 ¡
: 50 ¡ 40 I 30 t23.?B:
¡ 30 ¡ 50 ¡ 30 ". 22.4L ¿

¡ 30 ¡ 60 ¡ lC i2L.Q4i
.aa

b):10 ¡ 50:60 t30,24i
z l) z 8O ¡ 50 z 27,ò9 z

¡ 50 ¡ 3C ¡ 40 tZb.l.Sz
t 40 t'óO: 30 ¿22.61 :

: 50 z 3J .. ?û ¡ Ð.08 3

¿ 60 ¡ 30 : 10 z l?,53 ¡

aaa

c)¡ I0 :60 ¿ 3O:2ô.LZ¡
z 20 : 50 : 50 :24.95 i
¡ 50 t 40 ¡ 50 223,78i
¡ 40 ¿ 30 t 3O ¿ 22.cL z

¿ 50 z 20 : 50 ¡ 2I.43 t
: 60 : L0 : 50 z 2Q.27 z
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Table 6c shows how a decrease in silt at a constant clay

content of 50 pereent affects fierd capacity. The pred icted. fierd

capacity is dec¡'easeC.5.85'oercent v¡Lren the silt conteút 1s decreased

fron 60 to IO percent.

ï'rom f'eble 6 one can conclude thet¡a) approxlmetely equal

lncreeses occur i¡r field cepe.city vrhen sand is replaced. by silt and

when silt ls repraced by cray¡ and b) when cray replaces sand the in-
crease ln field caFacity is e,pproximately twice thet l;hen either silt

rer:laces send or clay replaces silt.

3. Co¡rsidering the reletion of orgairic ¡retter to field
ce.pacity it cen be see¡r from ectuatlon (2.1) that the regression co-

effÍcient of orgenic matter is nore than four tirnes that of clay and

afurost ter¡ tirnes that, of sil-t. Thus on a weight basis organic matter

holds more than four 1:imes as ¡ruch water as cLay and al-¡iost ten times

as much l¡iater as sllt. This is in accordance wl th present be.l-iefs con-

cerning the v¡eter holdlng cepeclty of organic rnatter ( 3 ).

Separatlon of the data into textural groups ylelded the

equations in fable 7 . Finel equatlons using only those variables

contributing sþnificantly to the regression were not calculated as it
lves felt thet the ntr-mber of observatior.i.s in some of the groups was too

srneltr .

A general trend whlch may be observed. ln Table ? is that

an increaslng stand.ard. error of estimate with increasing percentage

fine particles. Ehis rneens that one cannot obtaln as accurate an

of

of
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estirilate of field cepacity in fine textured soils

tured soiIs.

Inspectlon of fable 7 reveals no irends

regressiori coefficients of siIt, clay and organic

ing percentages of fine particles.

as in coarse tex-

in the velues of the

¡netter with lncreas-

(0.4)

fhe equation predietlng fleld capaclty from so11 components

obtalned by De Leenheer and Van Ruymbeke ( + ) is¡

F.C.=0.290655 / o.+OOOeo (ií: eLayl
I O.z0zae6 (þ coarse si.tr ) /0.+zøeö (i" CaCOg)

/ s.zz+aae 1 c.M. )

(R=0.915ã, See=4.b3l1)

îo facilitate comperison to the above equation, the equation

obtained 1n the present study is given beLow¡

3'.C.=1r.4?s}7 / O.r1?03 (f"siLt) / O.25400 ({â cLay¡ (2.1)
./ t.to+or V¿,o.M.l

( n=0.879, see=3.73)

lhe differences between equatlons (0.4) (De Leenheer and

Van Ruymbeke) and ec¿uation (â.f ) (present sr,udy) are outllned below¡

L. De Leenheer and Van Ruymbeke four¡d that CaC0, was slg-

niflcantly related to fleld. capacity. lhis was ¡iot the case 1n the

present study.

2, the velue of the coûstant ln equatlon (0.4) appears to

be different fro¡n the co¡Istant in equation (2.1). lhis difference

seems to lmply that the entlre reletfonship is different.

3. The two equatlons appear to differ with respect to the

regression coefficients. Taking the regressioa coefficients of clay

as an exariple, equetion (0.+) gives a value of 0.400696 whiLe



2t\
d(.)

equation (Z.t) gives a value of 0.25400. îhe varlance of the c]ay co-

efflcient ln equarion (Z.l-) was very snall (0.0006á0I). If the vari-

ance of the clay coefflcient irr equetion (0.4) were of sÍrnilar negnf-

tude' e ttr test conparfrg the coefficlents r¡¡ou1d show that they are

signlficantly dlfferent. Si¡rilar com¡rients appear to be appttcable to

the coefficients of silt and organic rnatter.

These differences seem to fndlcate tb.at the reletlon of soll

components to field capaclty varies wlth geographical location. There-

fore, ln order to obtain a reasonable degree of accuracy, the relatlon

should be determined experimentally on soils sinilar to those for which

Capacfty to t¡e ¡7þ Atmosphere Percentage.

The regression equation obtained when the I/O atmosphere

pereentage lL/3 afn "/o) was related to field cepacity is as follows:

tr,.c.=8.2803 /-ct.øs+zt lt/s atn l"J. 12.?,
( r-0.9I?*1 see=u.o?')

[he standard. error of estimate in equation (,2.?L 5.0?, is

smaller than thet in equation (8.1),3.73, fhus the use of the

1/õ atmosphero percentage gives a rrlore accr¡rate estimete of field

capacity.

lt is to be used.

b'1, Retetlon.of Field

Equation (Z.f ) 1s quite. sÍmilar to the equatioirs

Eatse et al. ( g ) on soils of the Great F1ains of Montana.

(,2.? ) shows the greaiest siniilarity to tbe equation Ealse

tained for the 0-I2 lnch depth. their equatlon was:

obtained by

Equation

et al.. ob-

- _. F.ç.=?.q,1._O_._bI9 (L/z atn t"lsignificant at 1;'o
( r-o.gsf ?É) (0.5)
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It can be seen that both the constant and the regression

coefficient are }arger in eogati on (Z.ZI tlian in equation (0.5). [hese

differences, however, do not appeer to be very great. Therefore it

appeers tb-at the relation of field cEracity to fine L/3 atmosphere per-

centag:e in the soils used in the present study ls not too different

from thet obtained by Halse èt al.on the surfece soils of [iontana.

The possiblllty that fleld capaclty was a quad.ratic function

of the /tr atnosphere percentege was investigated. (ff tfre quadratlc

term were signiflcent a better estirnate of fiel-d ca¡racity tban glven by

equatlon (2.7) risouLd be obtained). The equation of the form

F.c. E a / t1( L/3 atn irt / az(tfs atn?,là

was calculated. îhe rtr value of b2, L.29, was not signiflcaut. Thus

the quadratic term did not lmprove the relatlonshlp.

tr.inelly, a co¡nbination of field and laboratory d.ata was re-

lated to field cepacity. 'Ibe L/Z etmosphere percentage and the percent-

age total porosity, as calculated from density measurements, were used.

The predÍction equation obteined is as follows¡

F.c. = o.?ggL? l--0.600b99ô'É'r( L/g atn 7ol
y' o. rsero ** v" totar 

( i:*:å;å1", see= z.sa)

(e.e)

The rt' value of the regression coefficient of percentege

totar porosity was hlehry siguificant indlcating that field capacity

was tmly dependent upon the totBl- porosity. fhe standard. error of

*Ñsþnifl eant at lii
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estjflate in eo,uation (2.8) vuas 2.82, vhile that obtained by ustrg the

t/f atnosphere percentage alcne, equation (2.7)r rrJas 3.07. therefore

the accrrracy of field capacity predictlon vJBs increased by the inclu-

sion of total porosity data. fhe Cisadvantage in ttsing equation (2.5)

is that density deterrninations, which are quite time consuJnlns, must be

mad e.

/'
il

,..-:.j..,n

I
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FEFS¿|ÀI'JENT llfl,[fNcr FEËCBÌ rl.AGE

a) P'eletion to So11 Co¡nponents.

Íhe pll components found to be significanily related to

permanent i¡riltlng percentage were silt, clay e,nd orgenic matter. rlbe

ealculated regresslon equaiion is es follows¡

p.!',r.p.=r. rz3r / groz-eas** (lo. sirt )
y' o.za,,tr** va "r.rl*{r1;åi}f: r:3=i:ü;l

(3.1)

The highly signlficant correfatlon coefficient indieates that

a real relatlonshlp exists between permanent wlltitrg percentate and the

soil componeuts silt, clay end orgenie matter.

rlhe standard error of estinate Ín equation (3.I) is I.92 ind.ic-

ating that 67 percent of the determined values of permar:ent wilting

percentage faII v¡ithin L Lge of the predlcted values. Consldorlng the

fact that the standard devietion of perrnaneat wllting percentage as

deterrnlned by the sunflovaer method has been found to be ebout 0.54 (15),

lt seems fairly reesonable to assume, that for predlction purposes,

equatlon (3.I) is quite good.

The ttr values of the regression coefffclents of slJ-t, clay

and. orgenic matter are 5.30, 18.50 end 7.95, respectlvely. lhe rtl

value of the regresslou coefflcient of clay ls considerably larger than

that of the other two variables. [his indicetes that there is a closer

relatlonship betv;een clay and perrnarrent wlltlng percentage than betlveen

the other so11 eomponents and. permanent wllting percentege.

LIBRARY

*r'significent at Ii/o



A f\rrther consideration of eguation (3.1) reveals some

lnteresting feattr-res of the nature of the relatlonship between soil

conponents and pernnenent wilting Þercentage. îhese are as follov¡s:

I. -å. soll havlng ¡ro slIt, elay or organic natter would have'

accord.ing to the equation, a pernanent wilting percentage of I.1231.

This permanent wilting percentage valu.e is Io'¡er than the mean value

of 4.ô5 obtalned for the coarse textureC soils in the present investþ-

ation (Append.ix I, p 76}. However, v¡hen the proper correctiorrs for the

siltr clay and organic rnatter content of this group are nade, a value

sirnllar to the constant 1s obtaineC.

2. the regression coefficients Índicate that the greatest

contributlon to the value of the permerrent wiltlr¡g percentage is made

by orgente matter. Organic ¡natter contrÍbutes about tt¡p and orre-half

times as ¡nuch per unit weight as clay eurd about twenty times as rnuch

as sift.

3. Permanent wiltlng percentage Ís not increased Tery much

by increasing the silt content. The permanent rvilting pereentage of a

pure sand would be, accordlng to the equation, 1.1251, wb.lle that of a

pure sllt would be 4.?92L. [his is a snall increase consldering the

marked change in the slze of the soil separates.

lhe coefficlent of organlc ¡n-atter ln equetlon (tr.l) is

approximabely one-half its vaLue in equation (2.f ). Thls mesrs that ar

appreclable amount of the availabLe moisture is extracted. from orgarric

rnatter. l,una (f+l and Jamlso¡r and Kroth (fi) atso found this to be tn:e
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in certain ceges.

[he regression coefficient of silt in equetion (õ.1) iras been

reduced to one-half its velue in equ.ation (2.1) indicatlng that a

eonsiderable amount of availeble water is held in the silt fraction.

In contrast to the above dÍfferences iri the regression

coefff cients of silt end orgæic matter, there is vlrtueJly no dlffer-

ence in the regression coefficients of clay in the tr,m equations. [his

mearrs that very littIe, if eny, available moisture is extrected from

the clay fraction.

From the above comparison of equations (Z.f) anC (E.I) one

fiust conclude that available water is prob¿¡biy related to silt and.

organic matter content but not to clay eontent. this will be shown to

be true 1n the next section of this thesis.

Seperation of the data into textural groups yielded the

equations in lable B. Beceuse of the srnal,I number of observations in

so¡ne of the groups, the flnsl equatÍons, using only tbiose veriables

contributing slgrrificantly to the regresslon were not derlved. However,

the following trend.s can be observed in f able 8.

lir;'ibh the exceptlon of coarse textured soils, there is a general

lncrease in the standarc. error of estlrnate as soils become finer i¡r

texture. this indicates that the accuracy of the preCl ction decreases

as the percentage of fine particles 1n the soll lner€âs€s¡

2. The rtr values of the regresslon coofficients of cl-ay

and orgaaic rnatter increese as soils become finer 1n texture. this
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T.ABLE 8

REERESSION EùUÀTIONS PREDICTTNG PETìXû.ÂAì-EIJT l'fl LTING PE'fr.CFT{TAGE

L-¿

l f 0.l4BO?(2; clay)
t f 0.26232(dio o.tti.)
;P.1T.F.= 0.B51bg y' O.OArirS(/, sil"t)
z / o. tsce( Íá ct ay )

z / o.Bbrb(l,o Qt*. )

:P.riu.f .r I. ozO+ / 0.003962(11 sir¡i
t-z I 0. ¿9e¿8( '¡, cLey )

z I o.'óoF¿45( 2 o.tvÍ. )

3'
:F.t;.I' .= r.6714 f O.Otr40(/; si tt )

z / 0.1906 ( ;i cl ay )

l / c. b45B( /, c .r:. )

Modera'bely
flne
textw ed

Fine
textr:r ed

I7

QA

AJ-l Solls¡ . 94

20 :P.$u'.P.r 0.691ô f o.o+ass(il sirt )

combined

/ o.z+r r(li, crq.y )

/ c ,øozs(i,, a .r,.. )

rË.tl'r .I.3 I. tz51 f O.Of s00( /á st ft )

aaaa

,O.gst** rO.rU 
'z!.42 ,r.gg* ir.O,

tit significant at the Lfo Letel
)F signlficant at the ïia IeveL
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indicates an increasing d.ependence of pertnenent wilting percentage on

these coinponents.

ftr conclusion, one can say thât the data ln feble B shot¡r

that the factors affecting pernanent ¡.,v1Iting percentage vary vlith

texture. [herefore, for precise predietion a Cifferent ecluation shoufd

be derived for each texture.J- group.

The general eguatlon obteined 1n the present stud.y,

equation (3.I), and that obtalned by De Leenheer and Yan Ruymbeke (+),

equation (0.12), ar6 given below¡

p.trit.p.:1..125l / 0.035ô9 (Jí elLrl I O.24Ig? lf, cLay¡ (r.r)
f o.oztzoo (ió o.M. )

( R=o . 994 , see=l- .9 2 )

F.h.F.= -0.ô66156 / O.SøSZ7 ll;, clay i (0.12)
/ o.o++øøs lii,. coa-cse sttt I I o.t9908 (ll, cacOg)

/ o.e+øøoe {fá o.vr. )
(R:0.9658, See=l. 6805 )

The differences between equations (5.1¡ and (0.12) can be

sum¡narized as follows¡

1. De Leenheer and Van Ruymbeke fou:rd that the CatO, content

was significently related to permanent rvilting -Dercentage, Such v¡as

not the case ln the present study.

2. lhe regression eoefficlent of clay 1n eguation (g.t) ls

Q.24Lg?. while that 1n equation (0.I2) fs 0.36Y¿i¿7". lhe variaace of

the reglresslon eoefficient of clay in equation (3.1) ls 0.0001704. If

the variance of the regression coefficient of clay 1n equation (0.12)

were of similar magnitude, â ttr test of the regression coefficients

wouLd show them to be different.
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3. Sirnilar remarks carr be niede in the case of the constants

eno the regression coefficients of silt and organlc matter.

Ehe results of De Leenheer and Van lluyrribeke and those of the

present investigetlons indicate thet e close relationship exists

between oil coinponents and tbe perrnenent wilting' percentage. lhe

fa,ctors lnvolved in this relatiorrship and the extent to u'hich they

contribute vary. lherefore, if such a reletionshi¡' is to be used to

pred.ict permanent wilting percentage, it must be Ceterrnined on soil-s

sirnilar to those for which it 1s to be used.

b) Relation of Pegignen! uTiltirel Percentage to the l5-etmosphere
Percen tege.

'Ihe relation between perlrtanent wilting percentage end the

l5-atrrosphere pereerrtage (F.-â..1-. ) 1s as f ollows .

(s.i,)

[he starrdard error of estimate of this equatlon is I.5¿. lhe

standard error of estfunate of the equatlon used ia predicting pernanent

wllting porcentage from soil components (equation (5.])J is L.92. Thus

a more accure.te estimate of permÊnent wiIt1ry percentag:e is obteined

when eclu.at ion ( 5. 2 ) is us ecl

A test of the constant in eclue,tion (3.¿) shows that it is not

significantly dlfferent frorn zero. This means that the constant can be

deLetecl ¡¡sln e{.r.lration (3.2} ¿nd. that a si-rnple ratio betrseen permanent

wilting percentage anc. t,he l5-atmosphere percentage ca¡ be used."

reTj:flffiñT ï F

P.1,T.Ir.=0. oz07 I o. ttnu?"!ä:å;ä*t, 
see=I.32 )
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Rictìards erid i¡JacJei8h (lSi ald. t,eLrene anc Stepte (If J

obtained equations (0.16 ) an,1 (0.1? ), respectively, f,hese equ-ations

are es follorus:

u.i¡{.p.=0.36 /o,eos (F.A.p.) (see=0.67) (0.16)

u.iÌi.p.=oß5 10.85õ(F.A.p.) (r=0.gg5) (0.1?)

For a l5-atmosphere percentage of 20, equations (B.Z), (0.16),

and (0.17) prediet a perrnanent wllting percentqes of L5.42, 12.62 end

17.0I, respectÍvely. Therefore equations (0.]ô) and (0.I?) gÍve

reLatively similar results. Equation (5.2), however, gives slig.htly

Iower pernanent wilting percenteges than the other tïro equations. This

indicates a sllghtly different reLatlonship between permBnent vrilting

percontage and the l5-at¡nosphere percentage for the soils used in the

present stud.y.
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AVAILABJE ]i,íO TSEIISE

a) Percent 1¡lelght Basis.

SiIt and. orgenic matter were found to be significantly

relateC 'co avallable moisture on a percent weight basis (1*.M.P.iT. ).

[he eo.uation is as folfows¡

A.Àri.p.ìnJ.=10.25815 I 0.086 3604Êx (/å silt )

/ o.oasszz'*n (7o o.ui. ) **(R=0.ò7¿- , see=2.89,¡

(4.r)

Ehe correlation coefficient in equarion (4.1) ls 0.6?å. Tþe

correlation coefficients for flelo capacity and permanent v¡ilting

percentage were 0.8?9 and 0.934, respectively. In vlev¡ of this fact, a

correiation coefficient of 0.67? for avell-able moisture (the difference

between field capacity and. permanent wllting percentqe) appears to be

ln onier.

[he standard emor of estin¡ate in equation (4.] ) is 2.89.

Shis means that in a soil with arl apparent denslty of 1.40 the eruor

in ealculatin6 the airailable moisture in a one foot depth is approx-

irnately one-half inch. Á¡r enor of tùris rnagnitude appeers to limit

the usefuÙ¡ess of this ec¡uation for pred.ictiou pì.rrposes, particularly

for coarse textr:¡'ed soit whlch have a lov¡ evailable ¡noisture content.

Separation of the d.ata into textural groups yielded the

equations in TabIe 9. Ia these equations the correlation coefficients

of the coarse, moCeretely coarse arrd medium tertured soils range fronr

0.705 to 0.745, wbereas those for the moderately fine and. fine

rxslgnifi emt at I'þ
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te*xtured are 0,596 and 0.555, respectively. This result indiceies thet

e closer relationship exists between soil components and avail-able

titolsture in the coarse, ¡toCerately coarse and meclium textured soil-s

thari in ¡noderately fÍne and fine textured soils.

b ) Vol-u¡re Fractioa.

SiIt was found to be the only soil component related to

avaÍlable rnolsture by volume fractlon (*f,..l{'.V.F. ). Simil_ar results were

obteined by ja¡r-ison (10), Je¡sison and l(roth (11), Lund (14), tsar,tertl

end Peters (?) and Hill (8). The eqrration obteined in the present

lnvestigations is es follows.

(4.2i

The correlation coefficlent, although highly significant, is

rela.tlveJ-y small. OnJ-y lB.blL of the total variatlon 1n evailable

moisture ean be explained by a relationship to silt. therefore, the

equetion probably should not be used for prediction purposes.

0rganic rnatter 1s significently related to available ¡noisture

on a percent welght basis (equatlon (4.f.)), bu.t not on a volume

basis (equation (+.2¡¡. An increase in organic matter d,ecreases

apparent density (eciuetloa (t.ZJ J alC lncreases available moisture on

a percent weight basis. Availab1e ¡roisture on a vol'¿me basis is the

product of apparent density and available ¡rolsture on a percent weight

basls. In the data used in the present investigation the effects of

orgenic matter on apparent d.ensity and avallabl-e moisture on a weight

.A.tvi.v .F.=0.I7?3 / C.OOrr¿eg (70 silt)
( r=O.4Lg*.*, See=o .o1b? I

Ërsignificant at llL
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besls appear to cancel eech other"

HlIl (B) forind that available moisture

percent volurne basls (I,.X{.Ii.C. ) was re}ated to

the following eeuatlons

¿.Ii.ïf .c.=6.5 / o.za (ió silt ) i r=o.z3o** ) (0.27 )

reedslhls eciuatlon converted to volume fraction available moisture

as follows¡

å".M.V.F.=0.065 I 0.0026 ldl siLrl (0.27 a)

there is very 1Íttle similarity between the eguation calculated

by Hill and the one calculated in the present study. lhe regression

coefficient in equation (O.OeZa) is a¡'proximately two ti¡nes as large as

the one in ecluation (4.2). îhe constants of the two equations are also

of different magnitude.

À co¡nparison of the eorreletlon coefficients in equations

(+.2) and (Q.27l,, indicates that there was a much closer relationship

between silt content and availeble rroisture in the soils IIÍIÌ useC thas

1n the soils used in the present inuestigation.

lable IO shovus the regression equations for the five textural

Sroups used. Ehe low correlatlon coefficients and the high standard

errors of estimate lndlcete that the equ.ations are unsatisfactory for

prediction pulposes.

holding cepacity on a

slIt content as shown in

ãsÃ significant at Llio
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SOIL i¡ioISI-rJT.E iìEIMJTIOIJ ÐAlA

'Ihe equations pred.lcting soil noisture retentiorr at various

tensions are presented in lable 11. The variables contributing

slgnificantiy tc the regressions v¡ere silt, clay and orgenic metter.

lable LI shows that the correlation coefflcients are highly

significant in aII the equatior¡s ard. are of slnÍIar rnagnitude. lhe

coneletion coefficients rarcge from 0.934 to 0.95I. Th.is indieates

tha.t the closeness of the relation of soil components to moisture

reteined is about the same for all tensions.

Ás the tension lncreases the constant ter¡ns in the equations

a¡cl the regression coefficients for each independent variable decrease.

This indicates that the relatlonship betv,reen moisture letentlcn and

soil components changes r,vith tension. lo deter¡nine 1f the change in the

value of the regression eoefficlents of each variable r,,¡ith each incre¡lent

of tension was signiflceni;, a f tt test was applied. LlL exomple of the

calculations, using the regression coefflclents of silt at the t/+- ana

l/tr-atmosphere percenteges is given below¡

I. lhe pooled variance of two successive tensions.

Resld.ual sum Sq.-åa¡¡n / ResÍdual srm Sq.l7,l5 etrn
u?-
"p- (n-k-l )4latm / ("-r-r )t/sutn

=r29r.oog / rsg?_.?
180

= r5.85?
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2. The varience of the difference betu¡een the regressiori

coeffic ients.

a) fhe varience of silt at the tv¡o tensions.

-.2Z (X1-- E+-)- = gZ 3 g3 = 1ö. L44g = 50lgr.0691-ã 
-St5+ Si

It*t¡t - ît/il'
)tXr-ÍrlZ
-\ 

6 "tt

=r9:!900f1 _ ¡
0.000515381

the difference

50133.0691

of the regresslonb ) fhe variarrce of

soefficients.
Is ftVo - bt/?,I=

or S(bt/+ - nr¡rl

3. The rtr value.

Tr/n )¿ frxrr" -
)tr(

(Zo'r,n -

= 0.O3242

ît/")')

t = b., /¿. - b.t /r = ,23L2O - .2211ÉiBB5 = O.gt
s(by/+ - bt/s) c.03242

[he rtr valtte obtained ln ihis way v,]as conpareC with the signif:'.cant

ttt for 180 degrees of freed.om at the 5 end I percent ler¡efs.

The 'tt va.Lrres from tests of signif lcance of the difference

between regression coefficients at succegsive tensions obtained e¿'e

shol,¡'n in Table 12. For se.¡erel tenslon incrernents the rtt velues for

the dlfference in regression coeffÍcients for aIl three soil componerts

are ¡iot statistically significe¡¡t. In this case one c ân conclude that

the greatest portion of the moisture extracted cdne from the soil
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coinponent for v,¡hich the rt' value ls Ie rgest'

The tt' values in t'able 12 inoicate from which soil cornponent

the g:reatest portion of water ls extracted at 6ach tension íncrenent.

Extraction of water for each tension iricrsn.ent can be su¡unarized as

follows ¡

1. L/4 - t/3 atnnsphere -- eo-ual amounts of water are

extracted fron the silt and clay components. A slightly larger amount

is extracted from organic matter.

2. L/5 - 1/3 atmosl,here -- the greatest portion of the

rnoisture is extract,ed from the silt fraction. .1I small arnount of vri ater

is oxtracted from orgallic matter, while virtually no r¡;ater is extracted,

from clay.

3. I/2 - I atrnosphere -- the greatest pa.rt of the water is

extracted from clay. (the'tr value for cJ-ay is significent in this

te.nsion increment). Some nroisture is extracteC from orgaiic matter anC

a smaller anount from silt.

4. t - 5 atmospheres -- ftost of the moisture is extracted

from silt, (0he'tr value for silt is b,ighly è,i{nificant for thls

tension incre¡nentl ¡t small amount of water is extracted from organic

matter but none from c1ay.

5. 3 - 7 etmospheres -- approximately equal amounts are

extracted from silt and. clay¡ a srnaller arnotrnt is extracted from

organic matter.

6. 7 - L5 atmospherês -- most of the water is extracted
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from clay, sorne is extracted fromslltr and. elmost none is extrected.

from organic matter.

îhe tenslon ranges ln v¡hich the greatest extrections of

water from each soil component occur are as foll_ows;

1. SiLt, -- the Ìargest anount of vrrater ls extracted betv;een

I and 3 atrnospheres. Smaller but approximately eclual extractions occur

betv¡een L/3 and L/2 atrnosphere, and between 5 and ? atnospheres.

2. Clay -- approximately equal emounts of r,\,ater are extracted

between t/Z ena I atmosphere, and between 3 and ? atmospheres.

Smaller emounts are extrected betweea L/+ and L/3 atmosphere and

between 7 and I5 atmospheres.

3. 0rgælc llatter -- approximately equal anounts of water

are extracted in each te¡ision j-ucrgnent up to 7 atmospheres. From 7

to 15 atmospheres very little vuater is extracted from organlc matter.

She limltations to the above discusslons are as follorr¡s:

1. As the tension lrrcreases, the constant 1n the equatÍons

decrease (lable tI). This decrease in the constant contributes to

the moÍsture extracted. in that teusion lncrement. fhis constent amount

of water is extracted from one or more of the soil conponents, howevor,

It is not possible to determine its source. lherefore, the ttr val-ues

ln Table l2 show only from ürhlch fraction it is rnost probably that

extraction of molsture occurs when the tension is lncreesed..

2. [be varlances of the differences of the regression

coeffieients of organic matter are much larger then those of eilt and
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cley. For exanple, in the tension i¡icrement t/+ to Lfz atrns¡rhere,

the variance of the differences of si1t, cLay anc orgãnic matter

coefficients are 0.03242, 0.03824 end 0.zz\E, respectively. therefore,

the diflference of the regression coefficients of orgenlc matter for a

particular tension increment can be quite large nu_mericalry and yet

statistically can be quite smal I.

Equations obtained for each textural group, are presented

in TabLes I3, L4,15, Iô, lZ, 18 anC 19. Siniilar variations due

texture are present at most tensions. [herefore a detailed study of

these varlations at each tension was not uldertaken. Only the general

trend.s are outllned below¡

r. The correlation coefficients are sþnificant at the b

percent level and arr but one (medirun textrrred - t/s-atn) are

significant at the I percent'revàr. îhis seems to indicate a cl-ose

relationship betv¡een soil eornponents eno molsture reteined at variou.s

tensions, regardless of textire.

2. rn general, the standard error of estinate for a given

tension increases as the percentage of fine separates increases.

This rneans that the accuracy of the prediction decreeses as the ernount

of fine Separetes irrcgsssss. 15.¡ exCe¡.'iion tO this general rule OccUrS

in rnorlerately fine textured soils. Here the standard error of estirnate

ls alv'rays lower than that of either fine textured or medium textured

soils. This affect, horrrever, can probably be attributed to the larger

nurnber of observatioris in this textural group.
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3. îhe regression coefficients for sift¡ cla]r ald organic

matter are signiflcant at all teosiorrs in noderately fine textured

soils. lhfs is ¡robably d.ue to the lerge number of observation-q in

this group.

4. For fi¡e textured and rnoCereteì-y coarse textured soils,

the regression eoefflcients for clay and organic metter are slgnificant

at aJ.l tensions. Fine textured soils contain a relatively liigh per-

eentage of clay and ì;herefore one would expect clay to be closely

releted to rnoisture reteineC. It is not evident, howerrer, wþy cfay

should be closely releted to rnoisture retairied in noCeratel-y coarse

t,extured sollso There a.¡l;ears to be no obvious explerLation as to lvhy

orgaric matter 1s sig;nificantly related to soil ¡noistlrre retention at

every tensíon in these t'¡o textur¿rg'roups ano not in the others.
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STIi\Tc 0F HQUATIO1IS

The equation for each soil physical constant was tested. on t8

'testr soil, samples. the procedure used is as follows¡

1. The predicted. values fcir each derend.ent variable i¡ere cal-

culated fron the derived. prediction equations.

2. Ihe difference between the actual and pred.icted val-ues for

each variable were calculated and. designated as rdt.

3. The root mean square difference was defined as

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

the prediction equation

4. The root mean square difference and the standard emor of

estimate f:rom the prediction equation were compared by neans of an F

ratio. This was obtainecl by rtividing the root mean square dlfference

by the standard error of estimate and squaring the quotient.

5. The F ratios were compared to the critical F values at the

10, 5 and 1 percent Iexels.

Table 20 shor.¡s the root nean 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 esti.mate.

This was to be expected since only 18 sarnples were used to test equa-

tions derived fron )[ samples.

There is some general siroilarity between the root mean square

difference and the standard er¡or of estimate. For permanent wilting
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iìOcT ÌiiE¿N SâJ]A3.E DIFI'ARÏIICE ÁX\iD STA]{D,AAD ERF.OR

OF ESTITI¿"TE TCIR E"ACH DEPEi\ÐtrNT VÀRI,ABIE

Root l,{ean

__qgpendqnt Variable Squ.are Ðlfference See F Ëiatio

Apparent deusity

Permanent rvilti ng percent age

FieLd capacity

.{veilable ¡noisture
(percent by weight)

.AvalLabLe rnoisture
(volume fraction)

l/4-atmo sphere percorit age

t/ø-atmo qohere pe rcenb ege

t/å-atmosphere percentage

l-atmosphe re percent age

5-atmosphere percent age

7-atmosphere percent age

I5-atmospb.ere Be rc ent age

.I3I

2.16

6.41_

5.01

.0758

6.04

5.98

3.90

5.00

2.67

2.7I

3.24

.106

I.92

3.73

2.89

.0457

4.01

3.94

3.L4

2.92

2. ô0

2.L2

2.ZO

L,?2*

l_. 28

2.96ãc**

z.gf,x*

2.63** *

2.25*,t

'ê*2.3L

l. 54

1.12

1.06
*I.64-
xrK

2.L6

+significant at IQfo

-- 
**significent at 57o**'*s ilnifi cant at I!,
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percentage, L-, 1-r anC 3-atnosphere fercentâges the siandard error of

esiirnate and the root mean sqlrare difference are cluite similar, Th-us

the expect,ed aversge errors in prediction of these Cependent variables

in the rtestr soils are similar io the standerd errors of estintate in

the prediction eqìrations. l'his indicates that the derived equatiorrs

are epplÍcable to the ?testl soils .¡s r^¡eil as ic the soils fron rryhich

they vlere derived.

For apparent dens ity, and the ?-atrnosphere percentege the stand-

are errcr of estimate and the root mean squ-are Cifference are signi-

flcently different at the l0 percent level of probability. This mearis

that 90 percent of the tj¡re the deviatlon of the predicted from the

act'.rel velnes was greater than the stendard error of estima te. Íhus

the equations appear applicable to soil-s simÍlar io the rtestr soils

only for purposes where this larger variation can be tolerated.

!=or the other rlependent var'ie'bJes the mot mean square differ-

ence and the standarcl err'or of estinrate are significantfy different at

eitber the 5 percent or J. percent level of nrobebility. This indlcates

that the predictÍon equations f,or' th.ese variables are not applicable

to s ils sini]a¡ to the I test' so ils.

As csr be seen from table 2A, the prediction equations for

moisture retentlon are applicebJ.e to the rtestr soils at some ten.sions

and not at others. One u'oul-d have expected that the equatlons fbr el1

tensiorrs vould heve beeri uniform with respect to applicebility. There

ls no appæent reason f or this lack of uniformlty"
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A st':dy of tlre relationships betvreen so il components end some

soil physical constants nas conducted on 94 samples frsn some of the

major soil types ln l'{enitoba. The equation obteineC for each soil

physical constent was subseo-rrer-tly tested on 18 rtestr saruples fro¡n an

erea not previously investigated.. The conclusions resr:lting from these

investigations are as folfows¡

I. .,tpparent density is ciosely related to clay, organic rnatter

end the interaction of clay and organic metter. lhis relaiionshlp is

significant at the i percent level (ç=.794i. Íhe stendard. error of

estlmete is 0.106.

2. Field Capacity is related to sllt, clay end orgenic rnetter.

lhe relatlonship is signlficant ai the I percent level (iì:.879). The

standarri. e.rror of estirnate is 3.73, A closer relationship (r=.917),

and a smaller error in predlction (Su" = 3.0? ) is obtained when the

l/tr-atnrospfrere percentade is related to field capacity.

:5. Per¡nanent wiiting oercentege, Iike field capacltyr is

related to silt, clay and orgatic natter. However, the relatioriship is

closer (R = .934) than in the case of field capacity. the standerd

error of estinate is 1.92. 3^ better relationship (r = .9?0)¡ and a

smaller error in prediction (S"" = L.32) is obtained v¡Ìreri the

l5-a.tniospb.ere percentage is re}eted to the perrnerient wiì-ting percøitage.

4. Silt enC orgauic matter are releteC to available rnoisture

on. a percent by vieight basis. 'Ihe relationship is hiehly significant
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(E: .ò72), and the standard error of esti¡nat,e ls 2.89.

5. Silb is the orrly soiÌ conporr€rrt related to avallable moist-

ure on a volune fraction basis. The relatfonship is significent a+; the

I percent level ( r : .4I9 ). the staridard error of estimete is 0.045?.

ô. SiIt, clay and organic matter are the soil- components

related to molsture retentlon dai;a. The relationships hetween soil

components and the rnoisture retai¡red at variou-s tc-nsions ere cl oser than

for the other soil physical constents. 'Ihis is showa by the values of

the coefficients of rnultiple correlatio¡i which rr-nge from "934 to .951.

The standard errors of estirnate for the various tensions eppeer to be

directly proportionai to the amoririt of mr:istu.re reteined at each

tension,

7. Testing of eogations on the ttestf soils showed. that the

ectruations pred.icting permanent vuilti-ng percentåge, t/Z-, L-, ¿nd

3-atriiosphere percentage e:.'e appiiceble to tiæse soils. lhe equo,tions

for apparent density and the ?-atmosphere percentage are applieable

to soils si¡nilar to the rtestt soils only if a variation sLightly

Iarger then the staudard error of estirnate can be tolerated. For the

remaining soil physicel constents the pred.iction equations do not

appear to be applicable to the ftestf soils.
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¿Ð-363Iõ.0: 9.5

: O-IL: 9.1: 9.7
tLI-22: 3.22 LZ,L
222-362 8.22 IL.Z
a.

¡ 0-9 z 7.5¿ L5.7
z 9-I7 ¡ 5.1-t I4.2
zL7 -36 z 4.6 z 23 .0

: 0-B tLO.4t c.'l
z 8-L4t 8.42 6.9
tL4-36¿ 4.32 4.2

I.22 ¡37 .6ö ¡

1.5ô 232 .97 z

L.60 t3L.5l-z
a.

1.18 :30.10:
1.08 227 .84:
L.54 z2'l .L6z

I.25 225.98¿
L.34 '.X).732
L.66 :I8.58:

l-.19 233.23:
l.tg 229.b? ¿

l_.50 ..28.',à7 
z

1. õb 233.682
1.58 :50.09 ¡

I.48 ¿23.73 ¿

aa

L.52 :32.8I2
1.59 z28.7]-z
1.6 6 227 .49 '.

Fine textured

bforden

fuiorCen

BaInor eL

¡ 0-102 3.32
¡l-0-20 z I.4t
:20-36: 2,0:

¡ 0-10; 1.9¡
¡L0-20¡ l.L:
..2D-%: 0.0:

¡ 0-å I l-.3:
¡ 5-12¡ 0.6 :
zL2-36:0.3¡
aa

¡ 0-10¡ O.Bt
¡10-24:0.5¡
".24-36¡ 0.1:

29.2 z3O.7z4Q.I
15.9 2ffi.2i45.9
I7 . ô z4]- .7;/t0 .6

20.'é 235.2t4L.6
', 7.8 ¡46.1 246 .I
5.4 ¿49.6:45.0

O ry .?C Ê.ri^ o¿aa aV¿.¿avW.9

5.b z4!.5252.6
2"2 238.9:58.8

a.

5.6 243.4:51.8
4.O t44.4¡5I.5
L.2 24O.0¡58.8

:IL00: L.37 z

¿2,80 zL} .242
zL,7 5 t 14,332

to.B7: 0.08 ¡
¡3..01: 9 .83 ¡
: l. 89 :13. 83:
aa

ù5. 20 239 ,7 L¿

23.47 234,222
: l-.00 233. bQ z

aa

¿6,75: 0. ?8:
t2,47 z 0.23¿
.l É.9. A Ðô.
aLauHa VaqJ.

0.99 :36.83:
1.28 '.ffi .47 ¿

1.43 227 .Q7 z

1 99 trlÂ Ð-¿.LaQu .9=.aV a

f .i56 zZB.77 z

L.43 228.37 z

aa

i. 21 244 .A0 z

1.40 ¡34.I0¡
I F\'l .c)^ rZî4.L.UL .k!.QV.

3z
t.18 239.72¿
1.28 236.73 ¿

1.56 t36 .'l 5 t

l-b.7
12.0
LZ.b

18.3
Atr,
feo

7.2
4,9
!.3
17Â

3.4
1.0

Rive rd ale



7B

: Âv a il ab le : Av a ilabl e : Moisture retai¡e at various
P. [ii.P. :moistur e lmo isture//o:

7; {/,, by wt. rby votume:

l-6.55 ¡ 21.13 :
10.90: 22.07 z

L3.c4'. 17 .97 i

I4.7O: 15.40 z

14.!72 13.67 z

l3,4Ot L3.76 :
aa

10.91:15.07 z

9.99 ¡ LO.74 3

8.80: 9.78 z

a.

L9,92: 19 .3I ¡
10.12 | Lg .45 ¡

6,722 21.55 z

!3.67 ¡ 20 .0I .
12.90 z L7.L9 ¡

8.27 z 15.46 3

13.90;19.51 ¡

11.01z L7.70 ¡

L2.47 ¡ 15.02 3

tensions ( atnos er esÐ. -.5t7

2b.8 244.52238 . ò3 t34,57 ¿ZQ.4g zZ5.05zZO. bB : ZO.0B
94.4 :39.08 234.ò7 :30. 67 z26.g4zA0.3Z..I?.BI¡15.98
2'ö.8 236.7 4..33.? B:39.80 z2o.gg ¿Ze. bg ¿I7 .48 ¿L5.45

zi3ai33
L8.2 :40.30 z37.Qoz33.F¿4zn .g? t-à4.b8¡1g.83¡18. 5g
14.8 z3'l .38284.90..32,67 ..n .7 4",25 .4O ¡ 20.g3 ¡Ig.68
2,L,2 ¿3b.0223I.93¿30. L6zZ? "o4..26.65¡Lg .6LzI? .O?

332i33:
I8.8 235.I7¡130. 58: 27.85¿24.78¿IB. 5? ¡Ib.g1 z].ij.b4
14.4 226.21224.27 tZL.7g ..!9.9? zlb.bBzL1.? b¿LI.L3
16. 2 ¿26.76 ¿25.7 ?tZL.3Otp:..O3 ¡lb. IZ zI4.gb:l_1.1g

ia?31a2
2ß, Q 236 .92235. 14 ¡ 30.10 zZB.bfzLg.90 ¡ Ig. ?6 zl.b .gz
23.0 ¡33.11 ¿Ð,82¿25,59225.10:I?.L?¡lô .b6¡Lp.6b
32 ,3 228.49 z 2ò,83222.04240 . bI ¿I4.ZB zLS.4g 310. OE

:33:z¿z
ZZ .2 :39.0ô t32.65228.89¡p8,gbz?1.14:Ig.61¡16.b?
23.7 ¡5õ.o6 tffi ,2L¿2ö.77 tZ4.BZt'â.49..I? .46:]4.99
22.9 ¿?ß .48224.4322I.28¡lB .g? zL1.lbzL?.LZ¡10.lp

33¡3333
25.8 :55.86 23L.47 228.b? ¡P?.81-¡1g.00¡18 .B"ti z!6.2g
24 .6 235,282fi ,34227 ,38i2b.52220.00¡l? .bBzL4.g6
24.9 :51.19 t29.67 ¿2? .9QzZ4.60zl:g.4ZzI? .? ZzL4.gD

iSzazzt

2I.9 6z
15.05:
15. 01:

i6 .94:
15.45:
L4.622

22. gg:
L4.7? i
15.69 ¡

22.302
2I.4Qz
2L.242

L4.87
L4.42
l_4.0 6

L7.29
L3.32
! .75

21.L2
19.55
11.64

L7.42
l_5.39
15. 5I

14.7 z44.LB t4L47 ¿37 .79.33 .4? zp9 . 6LzZ6.60zZ4.4?
18.4 .34.77 z32.9LzW .Eg zZ? .AbzZ1. 54zZ) .?ZzÁ).50
æ.0 234.0223L.4It29,b6 tZ6,LbtZZ.e3¡lg.0O¡lg.21

2233333
2L .L ,¡:5? .91 234.71232,5I2?ß .b5¿2b .3 6 zZI.ZB :19.9E
18.1 234.7Q¿33,28¡50.81¡p?.18 z?ß.IZzAO.56 sZL.gs
19 .7 ¿,35 .95233. 61¡51- ,7 4¿Zl .BZIZ3 .bg tpß. Bg ¡ p0.64

3¡¡3333
25, o i49,46244.09:98. BB ¿W.6Zt3Z.BI:39. g6 z?b.55
27 .L ¿3ó.5323'L,82229.84¿Zb.gg tZZ.4e:19. g?¡1g.20
I7.6 ¡28.19¡26.09 t24.94¿í#.Lb¿19.?g ..L? .4g¡l_6.18

X) .6 :48.85 t46.55242.87 zãD.ïT..ZZ.?? tZ? .62¿26.BP
19. 6 ¿4F¿.46243.05.39.5? z33.g4z3l.10:E6.BB¡26.4g
21.1 248,92245.a8243.18':56 .4StEZ.?g:å8.0ó zZ? .gg



.åFP$JDIX I cont.

r . ,t , - s 
-Association:Depth: ja z 7o zr/,ttotaL'. oþ z 7o z oþ z iL rÂpparent å F.C.:

I ins.¡E.lQdI-._ErS_. ¿r,-gnd___iÉlt ¡cIay ¡O.X;i.¡Ca00r¡ density: fJ :
-u ]-ne textured

Red River ¡ 0-10 ¿ 4.lz
:10-21 z 0.4¿
¿2L-362 Q,4z

¿ 0-II r 2.32
¡11-20 z I.Zt

¡ 15.8 ¿2O.L ¡64.I
i 3.6 z 8.7 ¡87.6
z 2.9 rII.5 ¡85.6

¡ 5.0 246.6 248.4
z 5.3 :55.0 243.7

25.55¿ 0.90¡ I.25
¡5.18 t 2.202 L.35
22,07 z 4.62¿ I.58

¡6.48 zÐ ,77 ¿ L.35
22.14 ¡õ1.9I ¡ 1.49

f0.1
3,0
2.4

2.3
I.0

¿44,06¿
242.L7 t
. qo z.n.

za
240,52t
235,20 z

Portage

Gre tna : 0-13 2l:3.4¿ 28.9
;15-l-9 zI2.Lt 24.6
:19-36:l-9.72 36.I

46.1 214.7 239.2 22,48¡ 0.0: 1.69 226.53..
69.L ¡15.9 245.0 ¡I.51: I.59¡ 1.58 222.562
60.4 :14.6 225.O; :0.97:11-.82¡ I.60 z22,58z



79

ailabl- ei Àv ail able ¡ isture reteined at verious
I . .,ï.F. :rnoisture :rnoisture/o:

/; :/á by urt. rby volumel
tensions ( atmos res )

P2.742
25.422
22.832

l-9.27 ,.

L5.78t

11.92:
15.50:
8.17 :

?.L.30
L6.75
16.47

2L.25
19.4?,

14.6I
9.0 6

14.4L

2z I : :Lb

26.7 250.7 tr¿t46.25¿42,09:5b. 56234.L9 z28.86zE? .5I
22.6 zbö,4?:55. 59 ¿50.02t42.05:38 .87 zSZ.Zöz1i,J.L6
gI .5 ¿5O ,52247 .43¿44 .3 5237 .bZ¿34.4e z?g .58 zffi .46

'.tz3ii3
28.7 246.57 249.37 ".42.8o239.7'l ¿ffi .bgzZ?.ZO:Ê6.01
'æ.9 ¡4O.63 t42.44¿37.18;55.02 226.49 ¿24.63¿ZO.?O

at¡3t3i
24.7 23I.94227 .7 9 ¡25.86¡23. 51:19.41:l_5. ZBzl4.?4
14.3 ¡55.8€i zâ,45:2ô.8õ 224,b7¡Ig.BB¡16 .B}tIb.bZ
23.L '.23.?L¿2I.942L9.96 ¡ 18. 4ItL4.7 4¿1Z,4O: lO. gB



VIII À?Fllt

SLTÅEI.ð3Y OF

aa

Jrssocie tion:DePtb:

GÍlbert : 0-10¿ 29.9¿ 38.6
¡10-16 ¡éL.4,¿ 33.5
¿16-56 234.8¿ 47.O
t'.2

Gilbert : 0-B 256.4¡ 8.8
¿ B-iB 243.2¿ 6.ô

' 218-36 ¡51.5¡ 4.6

D¡tton
aaa

.9-]l:14.9: lI.2
¡12-50t 5.91 5.+
¡30-36 t 2.32 4.7
ziz

Plei.nvier¡r ;0-8 ¡ 9.8¿ 1I.1
: 8-16¡ 9.8¿ lI.4
z 6-3oz 3.3¡ 0.5

Plainview ¡ 0-12¡ 1.62 2.2
'.L2-2Qz 2.L¿ L.4
¿2Q-36t L.2z I'0
33i

Lakeland ¡ 0-6 :10.0¡ 40.6
t 6-I8: 5.6: 10'l
¡19-36 t L.3¿ 2,!

a

l\,lechanicel -Ana s] s

:s-rd :silt :c lay ;C.11. ¡CeCOf : dersity ¡ 7o ¡

i 81.6 ¡ 8.8
t 79.4 : ô'9
: 93.9 i 9,3

: 89.5 ¿ 4,4
¡ 86.7 z 6,8
z 85.4 : 8.8
,.
z %..4 ",33.L
: 18.7 ¿48.L
z I5.2 zbL.Z

z 22. 5 zUL,?
z 22,2 '.40,7
¿ 3.8 :58 .0
aa

¡ 6.8 :4O.8
z 4,7 :41 .0
¿ 2.9 ¡4U.9
aa

r 54.7 ¿26.0
¿ L4.9 ¡ ã4.6
i 4.8 ¡ ô5.0

a.

z 9.6 24.26¿ 6.5?'.
i3 .7 ¡1.7 5t13.IB ¡

z 2.8 2I.24¿J3.432
;.aa

¿ 6.7 2I.45¡ 0.0 ¡

t 6.5 :0.87¡ 0.0 ¡

z 7.6 z},73t 1.f3 ¡

aa..
¿32.5 23.?92, 4,BZz
¿33 .2 ¡ l. 6f zÜ ,9Q z

'.35.6 ¿!.24228 ,352
azSi
t4P,.8 26.73: 0.48¡
¿',57 .L tL.? 6z 6 ,57 z

¿ß.2 ¡I.13 ¿22.332
'.Zi¿
2b2.4;7.00:0.0 '.

¿54.3 ;2.11: 0.0 ¡

248 .2 ¡1.?8 t 3.632
3¿¿3
:19.Ð ' 3$. 51: 2,832
¡30.5 ¡0.66 ¿Ð.L7 t
23A.2 zQ.4Lt2ß,63¿
aa:'

1.46 2L5.7? ¿

l.4u :14.09¡
!.44 z 7.4u¿

1.?1 .. 7, .ZIt
!.74 ¡ 5.80:
I.?b z 5.762

1.40 ¿26.7 8z
I.4l '.22.482
I.52 ¿20.0õ:

1 1FJ .1 Ð F-rZ.Ialt avþa9va

!,24 ¿?ß.33t
L.á2 223.L9 ¿

!.27 ¿37 .3? ¿

1.55 t34.8? z

L.64 232.2'8 z

aa

1.18 '.23.L22
L.45 zL? .54¿
I.56 ¡20.9I:

.)



DIX II

1964 SOII"S DAÎå

¡$"vai lab le¡.Available :
P.Il.P. :motÊtræ'e smoistureø¡

.7¡, þy wl. ¡by volune ¡

6.06 ;
4.7 Lz
1. ?8:

2.60¡
2.7L2
2.532

LI.66 ¡
9.49 ¡
9.80 ¡

L6.44t
11.g?:
lL.34:

19. BO :
L9 .83 ¡

18.10 ¡

I1.5 2:
8.622
?.?22

lr,iolsture retained at various
tenslons ( atmo res)

9.?1
9.58
5.?0

5.1r
õ.09
3.23

15.12
L2.99
10.25

16.09
14.46
11.85

I7.58
I5.04
14. l8

r1.6
8.92

r5.19

L4.2 zL5.92t!2.352l.2.59 ¡11.19 z 8.362 7 .3,0¿ 6.54
l-5.9 ¿13.40:li.88¡1.1.85¡10.60: 8.20 z ?.42 6.37
8.¿ z 5.22¿ 4,23t 4.282 3.342 2.57¿ 2.L7¿ L.86

aaaa

8.? ¡ 7.11¡ 6.10: 6.222 5.27t 4.09¡ 3.47t 3.10
5.4 ¡ 6.07i 5.262 5.432 4.422 5.I1: 2.65¿ 2.42
5.? : 6.92¡ 5.96¿ 6.15 ¡ 4,94'. 3.3?'. 2.982 2.63

araaaa

?J.2 226.85¡25. 68 223.14:20.60:16.78'.L4.99¿L2,96
lB.5 2|z¡_.45¡85.08 ¿24.682P.L.97 ¿l-7.67:14. 6ô:11-.79
16. 5 227.24224.99 223.9L22!.422L7.91:14.4õ¡11.88

aaaaaa

18.8 23I.97 ¡íJ0.?B 229.42t?,8.75222.88tÐ.632L7 .97
I?.9 2?¡7 .29225.23223.8322?,.8b2L8.07 ¡16.55 ¡I3.96
18 .0 '.27 .8L225 .94 t24.3 5¡ Ê3 .0I :1? . 56 ¿ I5. 19 ¿L2.95

aaaaa.

22.3 :4¡J.01 ¿3,8.442.51 .33235.65¿29.25¿26.60 ¿23,26
20.:J ;40.58 t37,59 t36.77 z35.4LzZE.68 ¡26. II¿2I.88
83.3 ¿58.85 i37 ,56235.16 ¡53. 82226.64¿23,o7 zÐ .&

¡aaa

L3.7 t25.48223. ô6 ¡2I .7 6'.2I.o5:15,3b2I3.85:I1.85
l¿ .9 ¿25,77 225,50 z?2 .732?). ,25 ¿ 15.3 6 zI2;""25: I0.48
n.6 ¡31.61 2.f/i1,L2 228.22t26.722L8.16¿12 .O7 ¡ 9,7ö


