
Utah State University Utah State University 

DigitalCommons@USU DigitalCommons@USU 

All Graduate Theses and Dissertations Graduate Studies 

5-1957 

The Effect of Temperature on the Tension of Water in the Soil The Effect of Temperature on the Tension of Water in the Soil 

Gordon Stewart 
Utah State University 

Follow this and additional works at: https://digitalcommons.usu.edu/etd 

 Part of the Life Sciences Commons 

Recommended Citation Recommended Citation 
Stewart, Gordon, "The Effect of Temperature on the Tension of Water in the Soil" (1957). All Graduate 
Theses and Dissertations. 2671. 
https://digitalcommons.usu.edu/etd/2671 

This Thesis is brought to you for free and open access by 
the Graduate Studies at DigitalCommons@USU. It has 
been accepted for inclusion in All Graduate Theses and 
Dissertations by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 

https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/etd
https://digitalcommons.usu.edu/gradstudies
https://digitalcommons.usu.edu/etd?utm_source=digitalcommons.usu.edu%2Fetd%2F2671&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1016?utm_source=digitalcommons.usu.edu%2Fetd%2F2671&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/etd/2671?utm_source=digitalcommons.usu.edu%2Fetd%2F2671&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/


THE lWFECT OF TE'.:PERAT:JRE Oif THE T::.::SIO!I 

OF WATEH I!: TilE SOIL 

by 

:<ardon !.eRoy Stewart 

A thesis subr.ri. ttcd in partial fulfillr.Jent 
of tho requiremnts for the dec;ree 

of 

liASTER OF SCIENCE 

Soil 11lysics 

UTAH STATE AGHlC!JL'l'UHAI .. COLLEGE 
Lot;an, Utah 

1957 





Introcuctio!1 

P.e,r_cv; of literature • 

Soil moist;.rrc ener:-:y relations 
Te:.Qeraturo effect on the anou..11.t of ·:;o.tcr a-~-sor'ood by soil 
Diurnal fL.1ctuations of tensioroetcrs 
·Fariation of so:.l ter:liJG:r:.lturc ';;it~: de:JtL and noist'..U'C 

content 
!:yntercniil 
;.~ovc;-iCnt of noistt:.rc ;1nder ~1Cr!:l~l .:r;~,~~c:c!tS 

Conclusions fror:: the li ;.,.ern Lure rcvimmc~ 

Laboratory ir.vesti§J.tion 
Field investi:.;ation 

Hcsults • 

LaUora~ory investic;ation 

I 

3 

3 

12 
13 
1'< 
J.:, 

16 

16 
1:; 

22 

22 

Lxperimcntd CJ.~fcct, of ter:~x:rn. t-J.....Y'0 or: :.10i~"tur'C term ion 22 
/reUictcd effect of ter..j:.JOr.:::.:Lul'C on Wnsiur: • 2.5 

D"lscussion and conclusions 

Lahorator;I 
Field 

Sunmary . 

Li te:ra ture cited 

Ap:xmdix 

• 

• 

• 

46 



Ll:ST OF TABLES 

Table 

l. Correction values used to correct moisture tension to 
2()0 c. . . . • 

2. Surface tension of water and soil noisture tension as 
functions of temperature • • • • 

3. Soil moisture tension as a function of temperature 

4. Statistical analysis • • 

5. Corrected and uncorrected tensiO!:lcter readings for the 
6-, 12-, 18-, and 24-inch depths. i':o correction was 

1. 

2. 

4. 

5. 

6. 

7. 

ap,Jliod to the 13- and 2!1-inch deptlis. • 

LIST OF FIGURES 

Cutaway dia17a.n of apparc..~us used to study tho effect of 
tenperature on soil moistoure tension • • 

),!oisture tension as a function of tenpera rure with mois-
ture content held constant • • • 

lioisture tension as a function of tempera iure with mois-
ture content held constant • 

~.:oisture tension as a function of moisture content at 
different temperatures. The number below each curve is 
the temperature in degrees centicrade. • 

Experimental and predicted effect of ten)?Elrature on soil 
!:.Oisture tension at different moisture contents 

Tempera turo of the soil at 6 inches for ::JOrnillG (AM) and 
evenin:; ( i'J.!) reasuremcnts • • • 

Toq:erature of tho soil at 12 inches .for morninG (All} 
and evenillG ( i'l!) oeasurements • • • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

8. Six-inch tensiometer readin;;s before applying tenperature 

Page 

27 

30 

so 
50 

51 

19 

23 

26 

29 

32 

33 

corrections • • 34 

9. 1'Welve-inch tensionoter readings before apply<~ 
tenpera turc corrections • • • 35 



10, Ei[;hteen- and 21.-inch tensiometer readin,;a before 
applyinr; teuperature corrections • 

11. Six-inch tensiometer roadin;;s after ai'J.-'lyin~; teq.erature 

?age 

35 

corrections • • 37 

12. Twelve-inch tensioneter reaclint;s after u.!Jplyinr; 
temperature corrections • • • 37 



INTRODUCTION 

The tenacity With which water is held in the soil is an inportant 

factor in deterl:lining the availability of water to plants. It is this 

at7-raction for water by the soil particle which is the basic phenomenon 

of soil moisture tension. Soil moisture tension may be defined as the 

pressure difference that =st be maintained across the ~1all of a 

porous cup in order to attain a zero transfer rate betr1een water in the 

soil, which is subject to surface-force action, and v1ater in the cup, 

which is not subject to surface force action. 

Tensiometer" are devices used to measure the tension with which 

water is held in the soil. llecause of their wide use in research it 

is important that the experimenter get the best information possible 

from their use. l:'revious experimenters (11, 14, 20, 27, 32 and 33) 

have observed large fluctuations in tensiometer readings as a result of 

teGpera'!oure chanc;es, and some have indicated mat tenperature corrections 

for moisture tension data might be of significant magnitude. 

The purpose of the study reported herein was to obtain information 

on the effect of tenperature on soil moisture tension with 2 specific 

objectives in mind: first, to see if temperature has a si['11ificant 

effect on moisture tension and if the effect is of significant magnitude 

to apply corrections to fielu data. The second purpose was to see if 

soil moisture thermodynamic relations, such as those given by Edlefsen 

and Anderson (13), can be used to show this effect. 

Two experiments >vere carried out, one in the laboratory and 'one in 

the field. A laborator-J experiment was conducted to find the effect of 



tcnpera turc on soil ;::oisturc -:ens'.on. A field experiment ·c;as conducted 

to study diurnal fluctuations of tcnsiometers and to see if t.e:::perucure 

relations found in the laLoratOFJ will explain observed :'bctuations of 

tensionctcrs in the :'ield, 

2 
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REVIEW OF LITEH.ATUP.E 

Soil moisture ener,;y relations 

!.!any workers (1, 3, 7, 10, 12, 13, 15, 17, 35, 36, 33, 39, 40 and 

43) have used the free energy concept for expressing soil moisture 

ener:;y relationships. UsinG free enert:r to describe the behavior of 

water in the soil makes it possible to evaluate the effect of tempera-

ture on the ener,;y relations of soil moisture. 

The difference in free energy between that of a datum and that of 

the water in soil will be referred to as the free energy of soil moia-

ture. The free enercy of free, pure water will be taken as the datum 

and will have the sar.1e ter.perature as the water in the soil whose free 

enerc:Y is to be determined. The free energy of the datum resultin£> 

fran its position in a cravitational field is arbitrarily taken as 

zero, and the free energy of soil moisture, which will also be in a 

t;ravitational field, will be measured with respect to the datum. The 

datur. is assu:ned to be free of all extraneous fields. The total free 

ener;;y of soil moisture can be found from vapor pressure measurements 

by employin~; the fomula civen by Edlefsen and Anderson (13) 

(1) 

where ll F is the total free energy at tenperature T and R is the uni-

versal 0'<~S constant. m is the molecular weit;ht of water. P denotes 

the vapor pressure of the soil moisture when the vajJor is in equilibrium 

wi t..'1 the water in the soil. P
0 

is the vapor pressure of the datum when 

in equilibrium with the free water surface. 

It is known fro,,c cchermadynamics that the specific free eners;y 
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dec:rcases for spontaneous chan:_:es. .[;~en c:Jnsider:.n.:; a body a:.: ~Jure, 

free v:ater, where the free encr:_~y is taken cqu.al to zcr·o, in c-Jnto.ct 

with an t<.nsaturated so::.l, whoso free cncr:_:y is 11ot :::.e1·o, wa~or ·.·till 

fl~1 + 1 •' free watc- i-+o tl'oe unsa tura+·,d so:.l. 'fnc i~roe 
V" G ;xm oaneot:s ;; "ro:r. - - ~ d" "" 

cnor;·"~.r cr.anr:e "bat1tecn t..~e datu~ and t~c ·:Tatar in the unsat~u.ted srJ.:.l 
V• -

to dry so:..l. There1'orc, the drier t::o soil tiw la:o::_:cr t~c nc~;ative 

value of t.'oe free enerc;y. 

F.dlcfscn (12) and Edlcfscn and Anderson (lJ) have su:7'stcd vc:rious 

t.'<er:Jodyna'C:ic functions tl:at arc i!:'.portant in deseX:. bin;~ the l:chavior of 

water in the soil. There arc various :~actors a::· fcc tin; the .~~rec encr;:;y 

of soil noisture as the tcP.l.pcraturc is cban::;ed. ~':lc.fsen and /indcrson 

(13) [ivc ti:e l'ollowin;; equation to repro~cnt the cor.c1JO:·Jc:,ts of tLc free 

tu:re. 

AFsT. P..T L'1 f." AFfr + AFp + f1F0 + ~Fi 
·o 

A F,.m is the total free cnor6:{ of soil r:.oisturc at :-..o::li~ratur'= ,_ E, 
.:;1 

.P and ? 0 have the sare r.Ieanint~ as prc~~~lmwl:r .j_ ven. fl F(,. denotes tho 

co::;ponent of the free ener;_y caused by S1Jrf.:1ce tensj.or:. and ~adius of 

curvature of t.'oe air-water ::.ntcr:"ace; 

(2~ 

that the water has renultin~ :·ron the hyd~ostatic prc~r.ure it is unclcr; 

(l F 
0 

in that COT::i)0!1Cnt of the free enerr_;y contrib.~Jwcd L-:r~ os~.1otic 

~e:J~ure of tho dissolved !'13.teri.::tl1 and /lF f' j_s the free ener.:::r !)Q::.J-

seused by Yiatcr by virtue of its position :Ln tho adsorptivo fil2lr_: 

surro:.mcling the particle an v1ell as i.n the eJ.rth ':s ,;ra·.,..'itu.tion£.1 :Cield. 

They suggest the 2 component free energies flF f ::md ~ F;:' 

erisin; i'ron the adsor"t::.ve field ::mrrounc:Cn,; the soil ,article are 
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constants independent of tenperature. Therefore, AFf + 6Fr = Kl 

where K1 is a constant independent of temperature. They ;;ive the equa

tion AF 
0 

.. k2T to show that the free cJ-.:•rgy caused by osmotic pressure 

is a function of tenpera ture. In shonine the defendence of A F tT to 

temperature, they employ the Kelvin equation as discussed by Glasstone 

(16). They make the assumjJtions that the soil :noisture system meets 

the requirements for applyin;:; the Kelvin equation. In enployine this 

equation they assume the vapor to behave as an ideal ;;as and that the 

radius of the pores in the soil behave as spherical clrops. 

The Kelvin equation AF ~ RT ln k .. ~relates the free ener;:;y 
0 

AF and vapor pressure F of the water in the soil to the molar volume 

'! and the surface tension tr of water and the radius of curvcd:u:>"e r of 

the air-water interface. P0 is the vapor pressure of a free r1ater 

surface at tenpcrature T 1 and R the r;as constant. In enployinc; this 

equation they further assurre the moisture content is kept constant as 

the temperature is varied. 

'Lhe component of the total free ener;.:y of soil noisturc caused by 

the surface tension of water and radius of curvature of the air-water 

interface at tenr.eraturo T is r;i ven by 

(3) 

The radius of curvature r of the air-water interface of soil moisture is 

hard to determine directly; therefore it is elir.rl.nated from the equation 

by the followinr; procedure. The molar voluroo V and the radius of curva-

ture r arc considered c:>nstant and independent of tenfl"rature for moist 

soils. '1":--nJ s, 

2V A Fa: AFa: AFa: .. {AFvT
1

) (tr7) _,. T .. Tl or (4) r trr d~ T tT., 
"1 "'l 
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In order to express ll F CTT in terns of the tem;:.crature T, the sur

face tension must l>e expressed in teiT.JS of T. For the tcr.cpcraturc mrr;e 

concerned with in this report the sarfacc ten:>ion of water will be 

assuncd to be a linear function of temperature. Therefore, ll F CTr • K3 + 

K4T. The equation fT. 117 - 0.152 T is used to i,'<'t the surface tension 

of water in teiTJS of temperature. 

A single resultant equation expressing the dependence of the total 

free enerey of soil noisture on soil tcr:1pcra ture can be obtained by 

adding the effect of te:o"oorature on each individual conponcnt. 

Since /lFf + AF., • 'S_ , /lF
0 

a K2T , and /lFcrT. K
3 

+ K4T , 

equation 2 :?comes 

/lFST • K1 + K2T + KJ + KhT 

Combining constants L~ves 

(6) 

In order to determine ~~e constants c1 and c2 requ~rcs the determination 

of the total free ener:;y at 2 different temperatures. Hence 

and 

Solving the 2 equations sin:n.U.taneously gives 

and 

Tl /lFST2- T2 /lFSTl 

Tl - T2 

Inserting equations 7 and 8 into equation 6 ;_;i ves 

+ 

/lFSTl- /lFST2 

Tl - T2 

( 7) 

(G) 

( 9) 
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I:d.lc~'scn and Andcruon :1avc derivccl equations L and 9 to shaw how 

to:·.ucrc.o;Cire illil,.clccs l:l F _ and ll F ~n. In order to cqJloy equation "' 
v ul 

fl. F' nust first Go detcminod at sox tc;r,iJCrature T1 from wLi.ch 
UT 

1 

/:lF ca:1 be deter::rincd at any other ~e:;}Cratur·2 r:·. Eq~ation 9 rec:~ires 
UT 

t:1c dctcrnination Df t':~~ total free enc"r·.:r oi: so:..l n:;ist'L:rc at 2 

I'Ley ci-ve the CX}Jrr-.::8~ion du., VdJ? ... au d·YI '1,'/l:.Drt.? "J. i::; t::c chemical a.·,; 
potential, 1 the iJrcs~ure, v tho ;.:>;;.rtial l710lar volwc.e, ;l..\1d c'vl the ttois-

kro cor:tent. au . t' r7"'" s:: OWS .:1C 
o•w 

r~to of chan,;c of tbc che:.ri.cal :JOt~ntial 

v1it~ moisture co:1ten:.. Ldlefscn and. Andursor: do not inchld.e a term. to 

a3Su!:"!C tl:.at t;;c }lross'.lro varia~lo adequately explains it. Hatcock and 

OVerstreet feel that t.J:-,e pressure var'_ablc is nr,edcd to deucriiJc the 

total ,:-trc.ssure exerted by the surroundin:::s on the soil systo;... H;,r 

dc:; ... inin;~ the :Jrcssure term iii thio nanncr it is inferred that the .. w 

terJ inclv.dcs t}:e ct".an:~es in :.~roc:J\.trc ~::~at result _fror:; c~1an.·::cs in radius 

of c-:.IrvatDrc of the air-water interface. 

The symbol 

p indicates a lo::-;arj_ tb::, 1'1hi lo the synbol F su::;cests free ener•::r. 

'Iheroforc, pF can b0 dc:'inerl as t.::-.e lo.;arit::r:> a: the free cner::;y of 

soil r;oisturc. Ee su,;c;csts tLat tho os:c.ot::c conJ,Jonent of the total free 

cncr~y of soil nais~urc is often r:ot c:l.von prot)Cr co:1si dcro. tions. Ec 
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values of ! .. IS (PJ1 • 99 percent). Freezinc point manuroroonts are 

possible between pF t,.)l an<i 3.~1 and cor pF values below 3, direct suction 

rneasurernents are posnible. He alno s;wws a definite relationship between 

soil moisture tension and relative humidity. 

Can:pbell ( 8) used freezing point depressions to measure soil mois-

turo tension. He found close similarities between moisture content-

moisture tension curves obtained from pressure membranes and those using 

freezing point data. 

Bodman and Day (3) have shpwn success usinc freezinc; ,PJint depres-

sionn to determine free ener,;y. Free enerey detertinations froB freez-

ing point depression measurements have also been made with some success 

by Schofield and Botelho da Costa (39). They say there is very little 

effect of salts on pF if the concentrations are lese than Soo ppo. 

Richards and ,'[Caver (35) also nu,;c;est we often exclude osmotic 

effects when considering the free oner,;y of soil rc.oisturo. They succest 

the soil r~oisture tension at a noisture percentage equal to the moisture 

equivalent nay account for less tbm one-! alf the Cree ener y value. 

Robins (36) studied 3 thermodynamic proportion, the specific free 

energy, the specific heat content, =d the specific entropy. By using 

the equation ll.F • ~ ln!.. and measuring the vapor pressures by using 
m ~~o 

14 different H2"304 solutions, he found the specific free cncrQT in-

creased numorically with increasing te:operature. He states: "For t.'oe 

wetted sanples, it a;; pears that t.>-te s;Jeci.fic free ener:::y increases 

numerically with increase in temperature. The chanG-e appears to be, to 

a first approximation directly pro,PJrtional to the ratio of the absolute 

temperature." 

!.looney, Keenan, and Wood (25) ran desorption ~sothem.s at 0 and 20° 

C. for sodiun oontmorilloni te. Their res11lts showed the 0° c. isotherm 
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to be above U.c 20° C. wLcn water content v1as plotted on tl:c atacissa 

and relative pressure on the orclina:.e. Jl.e::mlts also s!wwcd t:~e :1eat of 

dcsor~J"tion to decrease as tl1c moisture co:1tent L"1creased. itt hi,:her 

::toisture contenta the decrease in ~.eat of desorption ap,Jearcd to be 

Sr':llll. 

~:an:t workers Lave reported on t.he effect of tc::1r:eratures on the 

ammmt of water aLsorbed h.\' soils. :11ri, Cro11thor, an<l r:een (29) rc;Jort 

that water absorption ctt <lofinite relative humic'ities is alr.~ost inde-

d t 'te •e c ' 0 Ver ''•e ~n·" of' 2" to •-,o · .•'.or ... _;~_, re,"tl've l)Cn en 01 ~:t- rei .... u:re .... ·vr.- .1. u. c,..... .... u !_:_,; · •• ...u~ ..L..<J. 

hur"2.dities but decre~nes narkecl2.y -uith irr:rr.:,:.u .. lin~ :_0-~;p::rilture :'or lower 

relCLtive humidities. 

Bctver and ·.:i;:terl.:orn ( 2) report a work similar to t:1at of .'.tri, 

Crow~hcr, and Koc:t. l'lccy rc,:ort t'lat t;,c natcr-absorption capacity of 

:c,odified aoil r.~aterials in a constantly maintained humidity of 9h per-

cer..t decreaL>es ra ... :;idl:,~ as the ter::.perature is increased. 

On t:10 other l:anj Veihfr.!Gyc::--, Cscri:C)~vsk:t, and Tester (!~3) s:--toW that 

the r-.oicturc eq'<tivalen-~ is increased by an increase in tenperature 

du:::-i.n;~ i.X:e ~~riJd o:.' saturation. 

Y.ro.dsYTorth C)~) detcrn:~ncs a relati vc hur.J.di t:.r versus m.:Jisture con-

tent curve i'or 3 tcnfBr.:ltUrci:J, 40° C., I:oor~. tec:'.peraturc, and 8° C. :tis 

re::ntlts s~-:owcd tho L0° C. cur-ve W be ahovc the roor1 tenpcrature curv-e 

which in ~rn is aLovc t::e J:J C. curve. r:is rcs'Jlts ~·:ere similar f:lr 

both net tin~~ anC: ciryinc curves. 

\'lach.:p;;ort:-: (l~_t:;) SUi~~:csto that Yl<..lter in an c.nsaturatcd soil is held 

by 2 disir:1:Llar l:1Y'CCCS3CC. 

1. ·:,rater ~1clti ti. -~-:. tl:,r l~2t surface ac ti vi ty of the colloid sur face. 

He calls thi.s chenosorption. 
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2. ':late!' condensed in fue fine pores is cc.lled ca,_JilliiT'J condensa

tion. 'll:is wate!' is lCJosely held and the ccr1mmt d,;pencls on the 

curved water interface. 

Ire predicts tr.at in the cbenosor_ption region ter.:tpcr.:.~.ture ':IO'Jld have 

more effect on the amount of water c.usorbcd at constant rclati vc humid

ity tLan in the ca,_Jillary condensation re,j.on. If his hypothesis is 

true, differences in tompera"Lure should effect !:lore sic;nificantly the 

ammmt of wate!' absorbed at low moisture contents than at hicher mois

ture contents. Results showed that at low relative hthClidit.ies, the 

moisture held at a :_;iven value is consistently less in tho cold se;".es 

tr.an in the hot series, the dH'ference bccorinc less apparent and per

haps insi;_;nificant at hir;her hu,.J.di ties. 

Richards and Weaver (J',) sho-:1 that the amount of ::Joisture a soil 

will retain for a ;3i ven tension depends somewhat on the time allowecc for 

wetting the air-dried saJ1ple. For sandy" soils results 0ftor/e(: :10 increase 

in moisture retention for Yletti.ng times beyond 15 minutes, whereas fine 

textured soils nay require l~l to 24 hours. They also reporten the 

effect of tenperaturc on the moisture percenta:_:e at one-half at;oos)Jhere 

and 15 at.nospheres tension for a ,,roup of soils. Results showed a 

oli:;ht decrease in noisture retained ao tho temperature increased, 

Diurnal fluctuat,ions of tensio:raete r-J 

Several possible causes of fluctuations :c.:.';e been c,"i ven. Richm·<lo 

(32) sur;;;ests fluctuations result from the cLances :ir, volume of the 

water wi fr.j.n the tensiorotcrs. He suc;;;cGts that this 'mdes:'-rable effect 

be n:inimized by reducinc t.>w water capacity of the tensiometer. 

Richarc!s, Russell, and Heal (34) in a later work conducted an exjl9riment 

to show fluctuations of tcnsiometers in the fielrl. They snD;csted the 

observed diurnal fluctuations were caused from te:raperature fluctt,ations 
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of the soil and su.~c:osted che i'luctuations were caused fron -r,he therrc,al 

ex~Jansion of tho tcr:.sioreter water. A refinerr:.en.t in the dcsi ~'!l of ~1e 

tcnsioFl€ter was ~r!.ade t:.r rc0t:'l.ctir~c; the water caJo.ci ty. Colcr:J.an, 

Eanawalt, and ?n..1rch (J..l) also attor::,:.;t to l:'Cduce i'lnctuation in r-:ar_.oneter 

rea.din:::;s caused by temperat1.liY2 :i_nduceC volu:.1e chances in the wutcr. 

Eaise anC: r:elley (2D) st"Udied the diu:nal lluctuG.i..ions of tensio

~letcrs. ·:r.cy .:'ound mir..irrum tension values occurred at 6 to C a.m .. and 

1r.a.."dr.ru .. "":! :Jt 7 to 9 J)•~-·. '::."ney also found l'luctuutioas to <:ept}-:,s of hJ 

i:-tc~·tcs n..."'ld tJl.c :-1D.-_:ni tudo of variation dccreasint: ;·;ii...h dcptt,. Daily 

variations of JjU to huo c:-·:. of ;·1atcr were cmJnon for t!1e u-inch depth. 

Tr~ey ex~)lo.incd thcuc fluctuations as b8ins prinarily· cauccd Ly tcL·;~ra

turc -~;rad.icnt~ between tL.e porous cup &nd the so::.l. : .. J1Wn the cup is 

warrxr -u-~an the surroundint:: soil water will eva_tJoratc fror. the cuv, 

resultinc in a bi.:ber ~.anorncter rea~.inL• ;·.~;.en tJ:e cu:J is colder t:~an 

the so";_l water ,_-;ill c0ndensc on it., causing a lower T:lflnoneter reading. 

These reports have concluded that the observed +'luctuations of 

to!1sioneters were caused entirely by the instrument~ behavior of tl"!e 

tens'.onetor, 'l'hey have not cor:sidercd the direct ef.'.'ect of tcc,perature 

on ti:c soil ;,oi._sture tenDion. 

::oo!'C (26, 27) concluctcc! an er>'cricent to ::;heM th" relation of 

tc,·;.[JCr<:<ture to soil moistnre pressure potential, retention, and infil

tration rate. ~orous clay tensiometer cups, attacllec~ to Y!lCrcury rri.:l.."lo

mctcrs, ·.vere inserted in a contaj_ncr conttlini.ng soil and were placed in 

a W.:.i.i£r bath Til1crc -Lhe tot!l!JC~u.turo wa.s varied fron G to 40° C. He 

f011nd t£1e vario.""C.ion. o:: vressure ~Jotcntial wiLL ter.lper...tturc ·:ta:; relatively 

s:·:~~lll at tl:o hL.::-:cr soil r.1oisture contents and increased Yt;_ th decreasing 

soil ~-;oisture. !-Icmeve:r- ~-:.is results were r}oT. consistent in showing tho 

e:"fcct of te: .;.~rei :..1.~re on 1~rossu.rc .. :.-XJte:1tia:. llo concluded that 
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ter.:pcra.ture may be of uinor importance in c!eterroj_n,_; pressure ,;otential. 

:\arciner (lh) folUld that in 3 Doils at constant noisture content the 

tension tended to decreane at approxinately u.uo3 atnospheres jler de,;ree 

ri:.;e in ter~pcrature within the range of U to Su 0 c. He also reported 

that no matter what the ooisture percentage durine the experir.ent the 

slopes of the noisture tension vs. tc::-.,:eratnre curves were all approxi

mately the sane. l.:ost of his curves tended towards a curvilinear r:1ther 

than a straight line relationsl:ip. He :m::;;;ests that theoretically 

moisture tension should not be indcp:mdc!lt of tl;e tcC~perature, but he 

gives no theoretical means for chcckin,; the tenper::cture effect on soil 

moisture tension. 

Variation ~ ~ tcrr.porature with depth ~ moisture content 

Kazar1ov ( 24) studied the density of sto.nc: of 1:enmnial 'oerlxl,;c on 

the temperature and noisture of the soil. J."'he s1L=<cr surface te::lf)E:ra

ture of the li:_;.'lt chestrmt soil was auou;; S° C. lower under a dense ( 07 

percent) C!erba£:e cover than under a li:j1ter ( 75 ;:ercent) one. The 

temperature difference leveled at about a 10 cr.:. de;Jtl--.. Irri;;ation 

lcmered the soil tenperature durin,_; the su:mner nonths by 10 to 11° C. 

and often as much as 20° c. Fe attributed the lower te:~,perature not 

only to the hi;jler noisture content of the soil, but also to the dense 

covering of plants on the irrir;ated soil. Jakobsen, 3orenson, !·,;iddelboe, 

~ al. ( 22) also observed that dr; 0oil was warmer t::an wet soil. 'il:ey 

fo1md a maxinum difference of 30° C. and an avora;;c c!ifferencc of 10° c. 

The difference was creater in the top S err.. of soil. The difference 

was also o:reater at noon than at other ti!'lcs of the day. They stated 

that under lucerno the ter::peraturc difference between wet and d!"J soil 

was ;:enerally small and rather erratic. 



UTAH STATE 

~\~rstercsis in soistu.rc tcnsion~·1a tcr content curvun have 'oeen 

. d. • 1 'n\'~ct~ ··atoro ':"_c•C\t 1--·•vc.-"! ::.oner;·l'.;:t rc·.:a~cc: ',•1,''Stcrcq_-'S o .. -:;scrvc~ c:r ~an: _.___ ... --v _.__~; .;; ....... J ,,..;J,.- c...~-- - -_, .... '-.. ,.... .... ..... 

as be' n: as cocia t2d w::. th t!1C c1c lay in rc;·~lli1:;; of CD;Jt:l }.~arts of the 

s!-dY.'l a l:y~terc~is lootJ and conclude 

t.h.:l t ::l ~oiJ rc1..aifill :J.O:::'C ·,·J-a tcr duriag re:JCV~. ~..L:an C.urint; uptake. 

to ~ feet 8olo·N a L.-i!lCL blact-o.sph~llt ae~oc::-onc rumvuy the soil nois-

:J.cc~.!nul.'l ~i or1 :1ndcr the ru:r:.ray. 

2-di.rectional I:!Oisture loss from the surface. 



;vettest and c:rj est col:.rrrr1s of soil there vw.:: ;i trEnfer of ·:;u.ter toy~·ards 

the colder end of tlcc ooil column. They found tl,it Moverent of water in 

the liquid r<1ase occurred at a water cont<mt of 1Jres::mre potential of 

-e.G x 107 ergs/Jl. (pF ~ 3.9). 

Cavazza ( 9) a..r1d :'a;rlor and Cavazca (!,2) utCJdired t:::e infl,ience of 

te:.:jJCrature ;:radients on soil moisture I'lo1;. By us in[.; .:tn G..i.r ;~ap tech-

· e the - d O'" t'•a+ yn....,; C' .;..ure -,"lei'/ f' ro"'··- Yl~' ":""•n t.o cold ~oil is , · rf·:e 1 ,,.. in mqu ~ J 0d U J • ._. •.• V.L.o..l \.J ..L ' .!. U.- L• '"' .J..£;1. ~ ..l.....J -

tl:c vapor _ti1ase. 'L11c ar:1owr'~,., o.f water transfer was :~ound :..o be influenced 

by the thickness of the air ,~a;;. Loveroont of moisture fran t.'1o ·,-/,,,, to 

the cold soil results in an induced LJOtential ::3radient whic:t at c;.1ui-

libriu:J causen liquid floYI Cctual to and OlJ;_.~osi tc th..-.i. ~ of Va_tjor :.'lov~. 

Thus they re!Jort :~oisture movcncnt takes place i!: 2 d.irectio:u; rmdc2· o. 

thermal c;r<ulient. 

Hollins ( 37) also oOOerves :-::ovcnent of r::oist:Ir~ ltndc:- a tcr~pcr<1turc 

~~radient. H.esults indicate that the r1n:irr r1ec~:anis~ o.f r::oistnrP mi·:ra-

tion under a thermal ~-~radient is associated i'fith vapor novenent. 

T3rooks anc: Hl.:oads (6 ;r observed tho. t diu::nal !:Ia,::ni IDdes of Lent flow 

v;ere more tho.n Uaice as i7'Cat in ·.-:·;.tc::;...-ed J:Jlots as in unsaturate(~ i-Jlots. 

Conclusions .i'ron the liter.::.ture revieweG ----
The litera turc indicates the ''ollo·!iin;_;: 

1. T:'le .r'ree Aner:~~ funct:..ons seen to be a suitai.Jle trc~.~.tnent of 

soil noisturc .t.Jroble:r:18 ~·rom t.."le encr~:'l )oint .Jf vie·;;. !:ov;cvcr, conveni-

ent and accurate 1:1.ethor!s of neas-..;.nn::; tLc :·rec cner::.:J-' of soil noi.sture 

over the ran:_~e of !noisture for plant ::.::-oYith are li!"r.i tir.~. \'a.i.JOl~ _t-Jrcs-

sure :nethods and frcczin(3 point de;Jressj_on rCBasu:reroonts have shown sane 

success in :'"leas'...trint·: the free cner;:;y of soil moistu::-e. Tensiomcters 

have shm-vn s-... l.ccess for masurcr.l.Cnt.s of free eoor.__;y in ~::e .:il.~3ences of 



curve. 

' .. 
:'}~c~e.f'orc, s::lnples of 



The tensio~ter is widely used i.n moasurin;: soil moisture tenfJi~Jn 

in the hi:h r:oisture ranc;e, The noi.sture potential is :)ased upon a 

suction force of soil fo:- water. ·l·;P.'-1en the porrylB c~l!J of the tcnsioncter 

is placed in cor:tact with unsaturated soil, 'ilc.ter ,;ill le:1vc t".c cup and 

enter the soil and thus cause the ~'JC:rcn:r:t to rise ir. the ~r:anor:-c ter. As 

the soil becor:'.ec wet, and the tension of ti:e nater :.n the 3oil .:s less 

:.han that in the cu1..~, water enters tr.c cup '<;hich causes the nercury in 

t:1e r1anoneter to i'all. When ::10i0 t.ure i~ J ... he soil is in e~' . .ti:.i Or::..u!-:1 

with tho water in the cu 1;, t!:c iJOtent:..<ll of soil at that ~~i',•en :-:oi.st.ure 

content is ecrJ.al to tf:e .t)(}tentlal reac~ OE the nanonetcr. 

Labora torr investi ·at.:..on 

A laborato~J exl.xJrLnent \'ias conductnd to H~lOTI tlle c::.~·cct of te~.:t)Cra

turc on soil moisture tcnsioiJ. Ji.n attcr:-tvt was nadC' ."Ln defJi,_-:nint~ tLis 

cx.~.x~rir.ent to reduce the effect of· T.en.t.>era :"J.re em t:1e .:_r:strur..en~·.al be-

haviorz o.f tcnsimneters as :rruc> as poss:l.'clc. TI-:e -L.c!1::iioNetcrs 1.:.scG ·;_n 

this ~t-,ld:,r were ;),lilt a.ccordint~ ta U:e si_>ecificati8?13 of Eic,.tards (Jl, 

32). Eowevcr, the :.ensionctcrs used :.n tl·'c l.:i~JOrT'..o~··y oxp3riment ~;ad. 

no mtal 0uppor ... s. Elir.linatio!! of t:r.cse retal support:; reduces the 

temperature ;;radi.ent effect as reported l'·Y T:a.iGe and ::cllcy (2\.j ). ::.iince 

t.~e design of ten.sior1eters for ~:Cd.~'J.rin[;; soil no~c tnre, i;.l~rover.l8nts 

have been nade. Sore Harkers (11, 32, 33) r:ava indicated a tr1G~1or:eter 

effect in tensiomete~, wLic!. is cau0cd b'J chanEes in volurne of tensio

l7lCt.er water, as a result of tenpcr<..J.Lure chan~ses. ·.i'he::w y;orkers have 
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connoct....ed to a co:-."!.:'.1:-Jn ,::Jane:. board. .LLc :.1ano:'1etcr scale v1as culibrated 

~,_o rAad directl,.~ j_;:1 cen-!:/._"Jet.ors of ·u~tor. 

T>,:.r 2-:._-:_tor cloctrol:;rt:..c tca~-:urs wey-c u3cd as soil corrt~=.nRl"r: • 

.. ·r::'·.nci it to ret .:l ~:oocl soil-cup conWct. The porous cu~ ".::2..s 3urro·l~_nctod 

percent noir::ture ':Jy wci.~:ht on a drJ 

The constant tcr:.per~~b.::.ro batL W3.S a kerosene oil bath wi t.l-: a cor!-

ti:-mous stirre:c, a heatin;: coil, :mel a cool~n;: ue1it. A ther:;;ocap relay 

as pro~Joscd Uy Taylor (l4l) ·a::1s 'J.Scc1 to co:ttrol te:::t:erature. ~Tie 



ter-.;JCrature was controlled to wi tLL1 about + Tlnuuj-..ou t the 

ex,erjnent t:1e temfX!rc. turc ·.va<> vari~d fran 2 to 45° C. Tr.e beaker con-

tain'.n:; tl-,e porous cup Yiiis lowered into the ~il bath until all but 

about 1 inc~ v1as surrm:ndecl by oil. T::..m wa::::: ullowcd at each te:n_t..B!"'{i-

ture for a ten~ion r'C.J.(:ing to becone consWnt. .r.t v;J"ia'r~lo u..-nount of 

was su.:'.ficient t.ine to reac!-1 <1.LJproxj_p.a tc cquil1 Lri ar.; ','theruus at loYIC r 

tcr::.peratures about 12 ho'J.r:J y;as allovve.::!. It -,\'<.i.S a~JSilr:-iGd V:a.t c~~- ilibri_u~J 

)erat·J.re .~:radients arc set u~ in tho so~l ,'Jilen t:ne te::.~rarurc of the 

coil. Or1e therr:.omctBr wus .t~hccd in the soil d~:o-:.lt one-I-alf ::.nc1. i'ror'1 

t~'-e ;.->arous cu1:. Another was uoed to read the :.e~~r.cr~ture oi t.hc bath. 

t:le particular beaker. The moist•rre; contsnt r1as detcr:Tinerl by IJCo.sur-

rati1er than re.._.~:'Dserlts Lh~ con.ciit.io:: o.~- the cu:~.l i_:~ C,)ntac~ with the 

tensiorneter c~1p. 

Fis-1re J .. is a cut awa;-r dia··;run of •~J.: av;arat.us used in tLc labora-

~ investi;;ation 



19 

~ - ~ R\ 

' 
I 

' 
\ 

' 
9 

' 
' 

0 

' 
! 

' • 7 

6 
I 

) 
'--7----r- ~,.-\- 1----7 5 r-:7----r-~ r ~ r- ' I-- ~---~ t--

~ 4 

~--J ) i 

3 u 2-~~ J u 'u 

1 

Fi,~.1re 1. Cutauay <:ia::rar:! of D-:)fXirat:lli -used to ;::;U;.d:t t.he cf:'cct of 
tc;:IpcrG.turc on coil r . .:oisturc tc~-wiO!l. l. : il te:;lp:_:r__;_ture 
bath. 2. ":.-.:o-li tcr beaker cont~li:1inc.: :-:1oist 5oil. j .. 1 orous 
Cl:..j_:>. L. 'iLrcc-.:.·o:.rrtf.c incl:. CO!JiJor t.::lJu. :~. ~'Lr(~e-i'ourths 
incL ~la5s ;__Qr tr:i~J. L... C)n.o-(]iL:·:th inc .. co"'"J_JC:r' tut;~. ? • 
;_:erc~.TJ~ nol..:_. ,_ •. nnoucter. ':/ •. e.:.~..ncl Lo.:ll'c;. 
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7!:c t...e:"!sionotcl';:; "J.Scc: in the ficlc~ to nca.surc r:.oisture tension were 

t:-,c sar:~e as t-hos~) ~:.JCd in t!-'.c l::.lJoratory G"bH(r"" except they have metal 

supports c..nd thei.r YL1tor C-:tfXJ.city iD ,cre~tcr .J.t th2 dec_t)2r dCiJU:.s be

c.:...u3c of the incrcascc~ len;:th of the thr£:o-quartcr inch cop}Jer and ;;lass 

'~1:orei'orc, "':!:c tcn.s:Lo::-.ct.ers used :.n ttc field were IJoro subject 

:_·,o ir:.str·~;Jcnta2. in.i'lu:::1ces. 

Te~..s:~on~te~s were ir-.ztalleC at G-, 12-, 1 -, anG 2L.-:..nch depths in 

~:r.L_::u.r beet~~. TI-~.e:.-' vmrc :.wed to r:;cu.surc tension .in 2 r.:oisturc runL;es, 

one nr.ij:".:. 1t ~noisturc level \'JhJp-~ the tension in t'nc root zone is ; CI.Jt 

!,c~m·I 0.2 at··.cs 1.:.hc!'Cs .:i!'ld a:wthcr level :JC:-:E".VLat lor:c:- ;·:::.ero thu tef'IJJ::.on 

';c~si em rcadir:.. "J were :__.a>c~n tr;icc. a day, 

tu:-e o~~ U:8 so:Ll in t~1e 'icld. 

the ci-:o.n~r,c in resistance correspondinG to a cLJrtL:e in temperature. 

C2.}_ibrclt.ion 0.~' u~e: thcr.niutors Y/US donG in the lLl":.::o:r;_;.t~cy by placint; 

the:,; i.!: a lJCtlk0::r of ;.,oi0t soil and the Lcal~e~ ~Llcoci in tr.o oil tcr:~pe:r~a-

c.J.Ji·~:ora~,:..j _ _:_n~ Cl~.r·,.:; icr e.:J.c:: ! :,cr:-:.istor wa:J r:-1i::.i.de ~~/ plo:..t~-n~; ol·nr!G rcs.i.st

.::J.nce a :a ins t Lhe tc:c:t-er.__. t:_:re o.f tle so_;_l. A ec:i.litra ted ·shor:;rl. 3 tQr was 

)L1..cod <l.:J_;aceat. to and at tLc sa.'"Je dei-JU: uu each tensior.1cter in the 

i"icl:l. 

o.!lc~:: -1.8 ~he :.:.:a.lv:.~norooter was ··lSed to ~asur-e the 8Lns rcGistance of the 
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Labor:_. tor~v i~r:.rc;:;t:I :_;<1tion. 

l:x;JC:'i ·-~;::ntal c">'::'(;ct of tc~ .. :x::r-atu!'C on ::":Oi.~ture tension. ..:.n C'Jnd:.1c-r.ir:.g 

the la·~)oratory e:·:~Jc;r:Lncrl:. U.crc ·ws!"C 3 variables: soil noist.'.lru content, 

li~c rcla :..ionsL:!.!J as predic~ed by the Edle_i'sen and Anderson equation. 

Fa.-mver, a..s the r:Iois tu.ro content increa:Jcs, t::c curves tc;nd to a:_)proach 

a l.::._neo.::-" ~E:lat:LonsLi_:J. r.D.cre is <.!l~o an observed hy3teresis effect; 

t~c coolin:: cu:-ves do not :~allow t:1e nu;;.e path as tho heating curves. 

'i.~-::Gsc C'.li"lC:J chm·1 that tcr~.£XJraturo has a .:a ni_~~icant ef.fcct .. on 

so::.l :71oi::: "t.1Jre tension, th:; yra __ :1i tw .. ic dc]:J.~!lr;j_r:::: on t~c Doistur\; content. 

i\s a l~j.rst atJiJrox~~-r:ution, -t:::o c.:_~i'ec:-;_, of t,empcraturo on r:1o.is turc tension 

':Ias -~'ound t.o be tlj)pruxir,1atcly- l~,.~_,(-,1; at· ~osiJLere }>Cr C8ntiLJTadc clc~ree 

chan:_:c _:._:-, !J!:.·:iX.'n"<J.tu;-e at a noistJ.rE: }:e::·cenr.a.;}] of 20.42; Oc:-~03 utnospheres 

_)Cr dc_:ruc ccr:t~.:rade 1.-t:cr~ the :.1oiDbJ.rc cor~~.:.e:-~t. ~·1u.:.:. 17.)9; ().(/J7 atnos

.;.t:crcs ix;r de :rcc ccnti _:r<..tdc when the r:oLJt.urc cm:tent Has 13.52; and 

l2oG9. 

7.::c rclationsl:i~ bctweer. so~i.l ··1o~,.,~ ture ~nsion and te:·:;:eratu~e has 

1Jccn cle:.~.onstratod in JJ.r:;·,)_roo 2 .:lfl.d ). The ma~:ni ·!J.H~C of the int..erde-

lErx1onco var·.:.e:::; wiiJ~ ;:..oisturc contr:nt. 'll:cre:.,o::-·c, if tenfBrature 

correctio!lS I~or :r.oj sturc tcnsionn are to lJc tJa(le \:.he relationship 

between t!:c soil noj ::1turc }Brcenta:~c anc: moisture ten~iion must be kno"tn. 
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·.rai_:lo 2. S:.trfucc Lcnsio~1 o:: water and so::..l ::n.i_st:urs tension as functions 
of ter:1~-ra turc 

Ter:J.LJCra- S1.1ri'.ace ?rcclicted r:1oisture tension 
t·c1re tension Pw..,z ·~ ., 17 r'9 :1-1-13.52 •w•l2 .09 oc. • !~ t: lWm 0 .:; 

vratcr 
T cr.]' 11t> ~~ •' hrn t=CoL\:} h,., ~::.~(JG hm c:C.:;l6 

'1 '1 -1 "1 

" 7': .Go 0.01) Cl. ~51 c .);22 0.)36 v 

~ 74. SXJ o .o.s2 C.lh9 o.i116 o.531 

1" v 7h.22 ,c1::2 o.l1i3 0.',111 0.526 

15 7J.h9 :,: .-~)i)l D .lL~_6 o.hlu 0.521 

2J 72.75 0 .~.~()] l:.Jl;j o.!_._o6 0.516 

2) 71.)7 u. :_) 79 (' .l\3 c .L-::.:·2 (}. )10 

30 71.1:3 '"7 r. 
· .. • -"I u O.l\2 G.J9J o.;;o~: 

35 "I' n·· Jjh. ;o ; / c.OTI G .11~1 0.392 c.499 

L.o 09.'::6 (_'. -~- 77 ~) .139 C.3il9 o.h94 
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There is a sir_:nificant temperature difference between a,:c. and ;;.m. 

measurements for the 6-inch depth as shovm in fi,;ure G. The top curve 

shows the chance in tenperature for the p.m. measurements froro day 200 

to 28o. The bottom curve is for a.n. temperature measurements for the 

same depth and time interval. The wide maximum range between morning 

and evenint; temperatures indicates that if tensions are measured rctore 

than once a day, at the 6-inch depth, it might be desirable to apply 

temperature corrections. 

The 1J,n. and a,:1, temperature measurements for the 12-inch dejJth 

are shown in figure 7. The maximum temperature difference is about 2° 

C., therefore temperature corrections for this depth are snall. Tenf<Jra

tures for the Hl- and 24-inch depths are not shown because there was 

very little difference in temperature between p.m. and a.m. ooasurcments. 

Uncorrected tensiometer readincs taken in the evenin;: and rnrning 

durinr; irrir;ation intervals are shown in fi;;ures l', 9, and 10. Fi;_:ure 8 

is for the 6-inch deptb when there is considerable tension and ter.;pera

turc chan,;es between irrigation intervals. The tensiometer reaclin::;s 

went up fast durin;; the day whereas they miGht actually c!rop durinr; the 

night. 

Similar results are shown in fiQ.lre 9 for the 12-inch deptt1; how

ever, the rate of tension chanc,-e is tnlCh less than for the 6-inch depth. 

For t..he lS-inch depth the rate of tension change is slir;htly creater 

during the day tlJ.an at nic:ht as shown in figure 10. For the 2h-inch 

depth the rate of tension chance curing the day is about the sane as at 

night. It can be seen that the mac;ni tude of fluctuations decrease with 

depth. 

It was previously noted that soil temperature fluctuations ootween 

a.,~. and p.r.:t. measurements were about 6° c. for the 6-inch depth and as 
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r:mch as 2° C. for the 12-inch deptt:. 1lsin,:; tal!le 1 tension readings at 

these deiJths were adjusted to a 20° C. standaru. 

The results after ter.rperature corrections were applied are shown in 

::_'ic:,'Ures 11 and l2o For this interval of time (day 23B to 255) the 

ter.:,J<Jratnre of tre soil was always below 20° c., as shOI'm i.'1 A,endix 

·ta'.·le 5; therefore, L1 appl;,cin;; temperature corrections a correction 

value was always sul>tracted from the measured tension" Appendix tal>le 5 

shows the corrected and uncorrected tensiometer readint,"S. Since soil is 

colder in the 01orninc than it is at nieht a larcer correction was 

applied to the a.r. than the l'·'"" tension reasurements. Applyine tem

per:r.ture corrections broueht the 2 curves farther ajlfU't, 
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Laboratory 

It is evident that tcr.!X'''.:,t-ulv" variations may influence the accu

racy of many tY!X'S of soil moistm'C studies. Fluctuations of thene 

soil moisture prop:rties may be erroneously attributed to causes other 

than temperature unless it is known Low each varies witb temperature. 

If variations with temperature are known it will be possible to make 

corrections for temperature chan;;-es. 

One puriX)se of the laooratory study reported herein was to deter

mine the effect of tem;>erature on moisture tension and to make tempera

ture corrections for field data. Laboratory results showed that 

temperature had a sicnificant effect on soil moisture tension. The 

magnitude of the teTit:erature effect depends on the moisture content. 

At hi,;h moisture contents the effect was small wl".ereas at the lCM' 

moisture contents the effect becomes t'!Ore sir:nificant. Using this 

information a table was constructed so that temperature corrections 

could be applied to field data. 

The interde;>endence between moisture tension and temperature that 

was predicted by E<llefsen and Anderson was much smaller than was .found 

experimentally. Edlefsen and Anderson i,cluded only the effect of 

temperature on tile surface tension of water in too soil. It is apparent 

from the laboratory investit;ation that the temperature influence on this 

component of the total free energy is not the only fact.or involved in 

showint; how moisture tension V'd.ries with temperature. 

Edlefsen and Anderson assu:med that the adsorptive forces are not a 

function of tenper;;.ture, and they did not adequately account for the 
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fact that the ld.netic ener:;y of aclsorbecl water increases ,.,i th ten,:.era-

ture. Their treatment would indicate that the amount of water adsorbed 

is indefendcnt of teF.:iXJru::...urc. On t...~e other hand, work of L~ooney, 
/-1 . 

Keenan, and 1iood (2?} shows that at a ,;ben relative vapor pre,;sure the 

a.nount of water adsorbed increases as the ·Xnpera ture is decrea~cd. 

The tenperature effect be cones less si:;nificant at ~:i,,her relative varXJr 

.t~reGsurcs. Tills is in nccordc:mce ;·;ith laOOrn.tary results reported 

herein in s~-:.anin;: ter1pcrature to have a grev.ter effect at low :noisture 

contents. 

The Kelvin equat:i on (A F was enplo:,rec'. in dcri v-

ing the Edlei'sen and Anderson 8XiJrcssion to show t.l.:le dep3:1dence of free 

cmer,;y on temperamrc. Certai,; '"'<·.:mptions wore t',ade in emplo~'in:.; this 

cc:uation. T'.'ley first ass1.L11ed Yl<... -:_.cr vapor to behave as an ide.:J.l cas and 

t'nt tile racilts of the pon.s in tc'1o soil behave as spherical dro~. 

These 2 assumptions mic;ht result in error when applied to the soil 

::-:.oisture syste;:--.. 1'lle !"adius of C11rvature of the ai::.,-v:at.er intcrf,-:cc 

is hard to determine directly; therefore, trey elic.ir.ate it i'rom their 

equation by assnc<ir.:; it to be constant, inde;JCnrient o=: tc:lpcraturo. The 

thermal expansion of water is nuch ;;reater t.l-)an that of the s~lid phase 

and therefore 2n i icrease in temperature would ircre.:1sc the ro.di',lS of 

curvat;,lre oi' the ~ir-<.'lu.ter irrWrface. The rud:_us of curvaU~.re is, 

t..1erefore 1 U _fUnCtion Of tC!':'lf.Bruture and -,?auld introduce error Wf'.en 

assunLi.n.'; it to be inclopcn(:cnt of tesperature. 

!n appl:rln;j the E~.ilci'sen and Jtndcrson ocpation t~.e v:.>.ri.:,~~ion of the 

surface tension of water ".'lith ter.lJ:)Cr<.itUre ['.ad to be knoWr:. 'l11GY <lSSl,!L_ry.}d 

the effect of teMperature on tiK :.;urface tem;ion of soil :coisturc, w'.ich 

is in an adsor_ptivc ficlc~, to Le .:..tlproximately equal to that o!, pure 



of adsorptive f orces is likely to be affected differently by teoperature 

than pure free water which is not influenced by adsorptive fields . 

Another source of error might have resulted by using the tensio

rooter to measure the component of the free energy caused by capillary 

forces . Edlefsen and Anderson suggest that the porous bul b method can 

be employed to !lEasure the capillary !X)tential . They also suggest that 

for a relatively moist soil the capillary potential is synonymous with 

free eneror and the adsorptive field is ner;ligible , and has no influence 

on the air-water interface . Drier soils result in large r adsorptive 

forces and, theref ore, influence the air-water interface . The coopon

ent of the free energy involved in the Edlefsen and Anderson ecpation 

does not include adsorptive forces . Tensiometers zreasure capillary 

forces as well as adsorptive forces ; therefore , if adsorptive f orces are ~ 

not nec l igibl e , tensiometers will not give an accurate measure of the 

capillary potential. 

One error inherent in the desit:n of the tensiometer which tends to 

erroneousl y macnify the coisture tension- temp3rature relationship would 

be caused b) the theroal expansion of the tensiometer water . Vlhen the 

te::tpe rature is increased there is an increase in vol ume of the tensio

meter water uhich causes a laver tension reading . Conversely, a decrease 

in tenperature decreases the vol ume of ~'later which causes a higher 

manometer readine . The magnitude of this error is not known but is con

sidered to be small because of improvements in the desic:;n of tensiometers. 

The experiLlental data presented in this t."'lesis is believed to be a 

reasonably accurate measure of tJ1e effect of temperature on soil mois

ture tension . St r ong e"v"idence is ;:;iven by t he laboratory results which 

indicate that the Edlefsen and Anderson expression di d not include all 

of the factors frat influence the ef fect of tenperature on soil moisture 
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adsorption. A few possible explanations why the E<,leC::sen and Anderson 

expression did not fit the experimental data have been su0sested. !'ow-

ever, it is not known how each will influence the effect of tcm)Cerature 

on soil moisture tension. This indicates that more work needs to be 

done in shawin;:; theoretically how temperature ·;:ill influence soil mois-

ture tension. 

Field 

It is apparent from the field investi;:;ation tnat the diul"lWl fluctu-

ations of tensiometcrs are probably associated with tem;>erature varia-

tions. However, when rakinc; tension rne<.isurerents in the field ::.t ·Has 

found that temperature had an opposite el'fcct on tensioneter readin,•:s 

tha11 was indicated by the la \::oratory ex;.:eri.-1ent. Laboratory results 

showed that the soil moisture tension decreased \Tl th an increase in 

temperature whereas field results snowed that as the tenrerc;turc in-

creases the tc.nniomcter readincs also increase. It is evident that 

other factors are i.•:fluenen:; tcnsioneter reacl:i.n:;s in t."le field other 

than the direct effect of ter.peruture on soil :.:oisture tension. 

In the field there are consiclerat·le tem,.erature and noisture c;radi-

ents throu1jlout the soil profile. Because of tl1esc ;;radients the soil 

moisture system is not in equilibrium when !1akin;; tension measuro:nents o 

Therefore, usinz field data it is impos<>ible to make a correct evalua-

tion of the tenperature effect on noisture tension. However, from tJ.1e 

field data it is possible to make suc;;,;estiuns that will increase the 

accuracy of tension ~asuremonts usint.: tensio:neters. 

Several possible ex,,lanations for causen resultin;_; in lar,;e dbrnal 

fluctuations of tensiCJr.JCters in ti;c field can be c;iven. Cne J.lOSsible 

cx,Jlanation would be that durinc tre sunshine hours the evaj.Oration rate 
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can exceed cho upward flaw of water iro::~ tile 01et soil below. 'l'his re-

sults in a net dryinc: of tLe surface soil and a correspondinG rise in 

tension. After sundovm the upward rate of water rooverrcnt r..ay exceed the 

evaporation rate Ylhich results in a lowcrinc of tl1c tension. After the 

sun z;ocs down tl1e surface soil cools at a i_,7eater rate than the soil at 

lower depths. ·:rater nould tend to nove under a thermal era<lient from 

the warner soil below to the cooler soil above. 

Another posDi'cle ex,t;lanation is "Ulat durinG the houm of sunlight 

the tranSjliration rate of ;)lants is nuch r;reater than durint; the hours 

of darkness. The <;uantity of wator ret1oved from the soil by plants 

durin,; tJw daytime is, therefore, nucl1 c;re'-'ter than during the nit;ht. 

Hence, the soil noisture tension should increase at a r:mch greater rate 

durinc; the daytim than durinc; the nic;ht. 0oneti r:es it was ooserved 

that the tension nay decrease durin~: tt1e ni,3l:t. 'I'his would in<licate 

water is mavin{; :::"'rom the wet soil below to dr:,r soil above. 

A third pos si bl8 ex;;l:;na tion is <;i ven by Tiaise and Kelly ( 20) who 

re.:ort titat fluctuaticms rc.a:f ue caused o,, the effect of air tenper'-iture 

chan[_;es in cre:1tine a ter.JiJerature ;;ra<licnt between the porous cup and 

the surroundinG soil. 1he metal JJOrtion of the tensiomter is alx>ve 

trround anc: ex}JO::Jed to chan, ·es in v..ir temper~ ture. B.a!:iati on of heat 

fror.J the notal would occur r,ore m 1Jidly than in tlw soil. This would 

result in a ten per, ture cradient between the porous cup and the soil. 

··rhen the cup is cooler than the :ourroundinc; soil, water will move from 

the soil in the va,Jor phase and cor.dense .on the tenniometer system. 

':later condensine on the cuJ? enters it because the water in the tensio

meter system is under tension. This situation occurs in cool evenin~ 
w 

when the air teJC.perature is less than that of the soil. Water enterine 

the tensio::~eter system results in a decrease in the manometer reading. 



The reverse situation -.vou.ld occur when the soil is cooler tht::.n the ten.sio-

~.1eter cup. Tl'.:is usually ha1JJ.Jens ri"urinc the cta~rt:..r.!e -::lhen t.J:e 3.i r tE::r.iJ.JCro.

tures are hi~):. :rate!"' will leave tl1c V!UIT!'lcr cu) surface in -:.he VUtJOr 

phase and condense on U.e cooler surroundin!: so:.l. r.J.'11is res~..:.ltn in an 

increase of tho manoncter re.:-.1din:::. 

These effects v~ould a:!..l t.end to :increase the r:<.anomcter re:..;.~;ins J.S 

the temperature is iP..creasec: and convc:~:Jely us the tcr::t:er<::.tu:rD is C.e-

creasecl ::...""lc r. .. ::.nometr~r rc~t~lnz ·:1ould .(~ccrease. 

TI:e fluctuations causeC by vol'.L':le chD.rlL;CS of the water in "the 

ter.sioneter ·,;ould be op,losiC.,e in direction to the actual ch<Jll __ es 

observEd in the 

caused by thernal - x ,:J.nsioH ~·10uld tend to ::ri.ni:1ize the other ei'fectn. 



SL~JIJ.AH.Y 

1. The purpose of tLis investi;;ation was to determine the effect of 

te:nperature on soil noisture tension. 

2. At a constant noi.sture content an increase in te!'l;;erature results 

in a lcrRer r::>isture tension. The sicnificance of the tenperature 

e~fcct increases as the moisture content decreases. For low mois

tu::cc contents the tension was .round to decrease at approximately 

S.009 aboosphorcs per decree rise in te:nperature. For moisture con

tents near saturation the temperature effect appeared necli[;ible. 

3. For the tem;;erature raTJr.;e between C .;:'. 30° C. tho effect of tem

perature on soil c;oisturc tension, ac " /irst apfJroximation, 

afJpearcd to be lin8ar. 

4. l!.oisturc tension was plotted as a function of moisture content for 

different temperatures. Knowing the e'1uation of the isotherms, a 

table was tJrepared so that tensions could be corrected to a 20° C. 

standard. 

5. The macni tude of WllJt'erature influence on soil tloisture tension 

predicted by J:;dlcfsen and Anderson was much less than 1aboratol"'J 

results indicated. 

6. '!he field experiment indicated Lhat there may Lc considerable fluctu

ations of tensiometers in the :'ield. TenGioneter readin;:;s r1ere 

sometines found to be ,3reater at nicht than they were the next !'lorn

inc;. For this reason it is important to read tensiometers the Sa!IJ3 

U. 1'1€ each day. 



h.S 

7. Fluctuations of the tensiometcrs in the field as 3. result of tec.JX'N

ture chan::es were op,JOsi te to t'wse predicted cl'Of.! lalooratary 

results. 
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Tahle J, Soil noisture tension as a function of tcnperature 

-
Te!ni:-"• ''w-12 • () 9 Tc:..;J. P

71
·1J,52 "~:•l"/.59 

o~ 

'-'• at.m. oc, atr:. tension 
tension 

22.4 o,5il2 2.0 0 .)10 0,194 
Jl,,~ 0 ,1;74 17.6 0 .h21~ u. J.l~o 
hl.l~ 0,29C 25.7 C.J'/0 (J .120 
JO,J 0 ,1;35 Jl./1 o ,JlS :J .lJO 
16.0 0.)62 hl; .3 ,, .132 ~' •' J<;)2 

5.0 u.Gl0 37.7 u .:TC () .c JS 
l7.2 '54 o.n~ ~ Jl.u :J.336 <c,l26 
30 0 .o 0. Jil2 a_-,. 7 c .~J.22 () olh6 
39.3 c,.z62 33.5 c .31LJ '~ .112 
21.4 0 .!;94 ll.h o.h24 c.J.l;3 
9.2 o.54h 

21.3 o.soo 
3J.d 0 ,JJ!; 
2l.G 0 .1!18 

Table 4. Statistical analysis 

i' w 

12.09 

17.59 

Equation of ret,Tession line 

l::xperimental 1redicted 

,... 
"' y = c;_::o9 - 90.6 X Y w 51G.) - 952 X 

,.. 
"' y = 80.6 - 149.2 X y = 511.5 - 1212 X 

,.. "' y = 65.9 - 321.0 X y c 5CJ93 - 3333 X 

" 75o5 - 699.8 " - 6666 X y- X y ~ 553.3 

Temp. -, ~~ I~ 
.Cy:• .... e4L 

o~ atm, vo 
tension 

10.6 0.082 
22 •. :~ 0.072 
Jl,C o.o64 
hl.L~ 0.044 
Ju.Q 0,0613 
lG.o o.o~ 

5.J 0.092 
1'7 .2 0.080 
30.0 o .z;64 
39.8 0.047 
21.h 0,084 

9.2 0.093 
21.3 0.002 
3J.Il u.o5S 
21.0 0.0136 

Calculated T value 
~ ._ b- B 

Jb 

41. (J() 

97.16 

54.17 

56.02 

J:- All vale!es <L"''l )Ji;;hly sir_;nificant at the 1 ,:ercent level. 



Table 5. Corrected and uncorrected tensiorreter rear.lin;;s :'or the 6-, 
12-, 1:;-, a.YJd 24-1nch de;Jths. r:o correction vias applied to 
the lf:- and 2l.-inc11 depths. 

Day a.n. nen.sll!'er.1Crl L.s :J.n.., rreasurcr:r nts 
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Depth of 
A tmos phD Y"C s tension Tenp. .1.~ tl::1os phe rc 3 tcn3ion year Ter.1p. 

in. oc. before after On OOi'ore aftor 'o • 
c·:):"rcction correction correction correction 

6 238 15.7 c.~~~Jb 0,1"36 l(J .1~ 0,570 0,538 
12 10.1 _,:Jh() c .!!26 l0.8 (). 52C o.')o6 
lG 1•J.o o.J.So 10 .r~ () •. :.~.6h 
2h 17.3 () .33h 17.8 o.h76 

6 239 15.7 o.472 0 0 ldJ~ l?.B C.106 () ,100 
12 lb.4 o.h74 c .~J.62 10.1 0 ,1G2 (; .194 
18 1G.o () .1,66 17.0 c.476 
2h 17.~ CJ.hG2 17 .l~ c .ilhll 

6 21,o 1h,J 0,132 O,ll7 
12 17.5 0.222 c. 2111 
lD l7.G 0 .1.50 
2h 17.4 0.400 

6 241 13.3 0.296 0.276 17.1 (' .252 0,2h7 
12 16.6 0,26h 0,2)0 17.2 U,JOU r_', • 289 
15 17.3 0.422 16.9 c.h2C 
24 17.0 0.502 17.0 Co')12 

6 2112 13.0 0.258 0.228 1(,,J 0.335 0.311 
12 16.6 0.300 0.235 16.fl 0.350 0.329 
1il 17.3 o.L18 16.6 0 •1"35 
21! 17.0 o.5lh 16.6 u.s11d 

6 2!;3 lJ .(~· O,JJO 0,294 17.0 o.l.~-24 o.hoo 
12 16.5 O,J)"O 0,)2C 1(). f) 0.3913 0.373 
1o 17.3 o.4ho 16.0 () ,iJ54 
24 17,0 o.52h 16.6 o.52h 

6 2hL 1J,J 0,416 0,376 16.6 o.546 u.51) 
12 16.5 0,382 0.]62 17.2 0,!;66 0 .1~39 
1o 17.0 (] .1-162 16.7 Co ,!,76 
2!, 16.7 0.532 16.6 0 .)26 

6 245 lJ,J 0.522 0.467 16.2 o.6h8 o.Go4 
12 l6.6 (] .1-1313 (] .413 16.0 o.;2D c: .h98 1n 17,0 o.!;G4 16.7 u.,1 -~.92 
21 ., 16.7 o.530 16.7 Oa552 
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Table 5. Continued 

Day a.;.;. neasurcr.-.ent8 Q.m. rooasurements 
Depth of 

Ter.p. Atr.os;:heres tension 7ewp. A tmos !11eres tension yea:r 

in. oc. before after oc. before after 
correction correction correction correction 

6 246 12.5 0.636 0.563 14.8 0.104 0.91 
12 16.3 o,!.;9B (J o470 16.1 0,1'i6 0.176 
18 16.7 u.sch 16.7 0.492 
2h 16.7 l•.550 16.1 0.)08 

6 247 15.1 (1.178 0.158 
12 16.1 G.2w 0.240 
13 16.1 o.h12 
21! 16.1 0.5)6 

6 2h8 12.0 U.19h 0.164 15.6 0.246 0 .21(3 
12 15.3 C,264 0.2114 16.2 0.300 0.280 
1fl 16.1 C> .'r10 16.1 o.!,14 
2h 16.1 o.552 16.1 0.558 

6 249 12.4 0,252 0.217 15.5 0.316 0.293 
12 15.9 0.300 D.280 16.2 O,JJ6 C.J12 
18 16.:, 0,1,28 16.1 o.l,26 
24 16.1 0.552 16.1 0.552 

6 250 12.6 Oo)24 0.290 15.4 0 o370 0.363 
12 lr~ p ,-•:.J 0.338 0.312 16.3 0.378 0.354 
18 16.!-l. o.I1J6 16.2 o.h46 
2h 16.1 0.556 16.1 0.556 

6 251 13.2 o.4o6 0.364 16.2 0 .!,82 0.450 
12 16.1 c .l,i3o 0.358 16.4 0 .ll)O 0.402 
1il 16.1+ u.t~58 16.2 0.470 
24 16.1 (J.%6 16.0 . 5'" l; 0 lh) 

6 252 12.(] OoL20 O.JB2 lh. 7 0.530 0.530 
12 16.1 c.:,22 D.J96 16.1 o.h90 o.458 
1il 16.h 0.402 16.1 c.496 
2h 16.1 o.~lc 16.1 0.5'78 

6 253 13.6 Oo572 G.h9C 
12 1;; .c) o.J,·r!, u.h2u 
113 15.5 O.JOil 
24 15.6 0.376 
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