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DmlODUCfiOB 

~ probl•s of •anag•an~ of irrigated soils require a knowled8e 

of the soil moisture status and i~s relat1oneh1p to plant gro~h before 

~ can be solved. 

!he aaOlJilt of water in the soil as indicated b)" mohture content 

d.Tee no reliable in!ormation o! 1\s availabillty for plant growth. It 

is therefore desirable to obtain a direct aeasurement of the readiness 

vi ~h which so11 water aan be obtainsd by Ule plant. 

'!he •field eapacit,'" and the "wilting percentage• have been helpful 

1n eeUilaUn« the amount of soil water \hat can be used 'b7 planh. 

Soil BU~Pllng has been used e:rlenlllvel.y to determine the irrigation 

requiremente, l~tiOD eff1c1enQT, and the ao11 moisture depletion of 

\1M root zone between irr1pt1ons. _. referring to correepond.ing soil 

moieture releate curTee, a crude eetlaate of the degree of availabili~ 

can also be llade. llownr, soil samplln& 1a laborious and expensive, and 

if a continuoua measure of the force per unit area that lllUBt be exerted 

to remon water fra \he soil h deslred, the reaulh are usual}7 unsatiB

factoey. 

A number of deTlces have been denloped to eat1ma.~ the soil ao1eture 

tension. So far, \be tenatoaeter and the electric reaistanee unit have 

been most wldel.y uaed. !be former gives a direct relation of \be tenacity 

vith Yhlch •oieture is held b;y the soil while the resistance units are 1n

dlrectl7 related to moisture tension, and require proper calibration. 

Rea1etance Ull1 te operate over a wider ra.D«e of an.llable soil moisture and 

do not require eo much eemc!.n« as tenllioaeters. 
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More prealae mea.uremen\~ of the eoll moiature statue in the root 

sone of the crop are frequen'lf needed. ~roved techniques and careful 

aeleotlon of measuring d.vioea make poaalble eome degree of improvement, 

but t~re are some inherent soil conditione which contribute to lack of 

uniformit.y. Variab111~ of soil moisture within a given field or plot is 

certainly one of such conditions. 

With an aim to improve the precision of field measurements of aoil 

moiature. the response of eome newly-developed resietance bloeke within 

the aoll molature range trom field capacity to the wilting point vaa in

veat1g&ted. SUCh desirable characteristics as uniformit,y, seneit1v1ty, 

and precision of the units have been carefully studied. 

Same of the more pramialng measuring devices were employed 1n a 

field experiment to indicate the moisture tension in the root sane of 

corn throughout ita growing and fruiting eta&ea. The data were also ueed 

to indicate vhen irrigation water wae needed in plots receivtng different 

moisture regimes. Mo1ature-fertil1zer interaction on the yield of aveet 

corn and fodder was studied. 



nVI EW OF U'.l'KRA!I."URR 

Volume or wetpt percen\agea of ~11 ao1aW!'e meaeure the a~toat of 

water in the soil, but glTe no 1nfonm.t1on about the propor\1011. that a 

plant af&bt uae or \ha force per UDit area with ~ch it le retained.. 

!he relaUYe aYalla'bill\7 of aoteture for plant growth has been 

eatima'-d troa measurements of soil ao1eture tension made in etta. A 

llllited n"'lmber of papers perta1n1Dc to this •tter are herein rntewd. 

More consideration has "beell gl'Ya to indirect aeawzwaen\8 of tension 

and aoieture content ll8.d.e wi\h electric ree1stance unite than v1\h the 

direct method of mea.IIW'in« tension w1 th the tenaia.eter. 

~ 1n41reet detel'111Dat1y of~ •aTaila'ble aoieture• 

Potential functions are belng ueed b7 soil p!v'etats to nalua.te the 

forces inTOlTed 1n eoil moisture ao~ent. Jdlef-.n and Andereon {12) 

haft poinW out iihe ad'Yan~s of \he tree uercr concept in the \hermo

~c lnterpre\atin of sell aGie\ure aeaeure.ente. ror the purpose of 

thie ·~· \he coaponenta of free ener&:T arldDg :rr. eurtaee force action 

at ~ interface bouDdarie• in \be eoil aoishl"e qs\811 are ezpreeeed in 

tel'lll of ell aoisture tension. 1hte concept ie in acconlaDce with the 

uaap b¥ Richards and lfadlei&h (22) in rerlevlDc the relaUon ef eoil 

moisture to plant &rmrth. 

In 1~, llo'lq'OUCos (S) dneloped a dAm.ce with vhtch \o aea.fth .U 

electrical resistance or capac! tance of & porou absorption unit burled 

in the soil. Be fouacl it \o han a reproducible relation to \he soil 

aoietun tendon. After that different fi7pee of 1netnaente haYe lteen 

proposed (1, 7, 4, 10, 11, 25, 3) Yhich, with proper calibr&ticm., are 



sui\able f~r 1ndlrect1y meaeurtn« •~11 moisture tension vi~ the plant 

growth ranee. 
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lJou;roucoa &nd Kick (6) indicate that because the electrical re

ds\anee 1n a plaster ef paris abaorp\lcm block 1nd1catee the f~rce vtth 

which m~hture le belcl 'b7 the soil enT1rOIUient. it aq be conddered t~ 

portrq the aoil moisture conditione aa \he7 exist vtth re~t to actift

lT tranapir!.D« plants •re accuratel7 than CODTe!l\101181 ?OlUIDe or veipt 

peroataces. '!hq recall that oonTeD.tional percentage• han lon« been 

recogn1zed aa i.Dherently' fallaciou. 1n this regard becauae they cann~t 

express free energ faotore ~atlng in moisture phenomena. '!hey ala~ 

add ~\ unique features of the absorption block are that (a) the relatlcm

ehip between moisture 1n the soil and \he bloCk resistance is basieall7 

one of free energ. and that (b) the mea.wura.ble rMge of see1UT1ty coiD

cid.ea vit.h the critical Tariati~na of so11 water. That ia. the raDge of 

~ technique correapoDds v1 th \he quanti t,. of •o1sture between pe!'laD.ent 

vllting and approximately the moisture equ1TBlent. 

:B&s1o pr1Dc1ples aDd perfC!l'I!W!ce eharacterl•tlca. 'ft1e electrical re-

a1a\ance of soils vas first deterained b7 placing in the soil 2 electrodes 

and measuriDg the red stance between the electrodes u1ng an al ternaUJl« 

current bridge to aTOid polarization. Soil workers (1) found that the 

resistance between the electrodes aDd \be soil vas erratic because of ~ 

expansion and contraction of the surr0l1D.d1Dg soil which acCOBrpaDied eha.D«es 

in moisture content. A ault1ple electrode (11) vas proposed to e11Jd.Date 

th11 erratic contact. !he poslible influence of Tariat1ons in aal.t c~ncen

tration upon the electrical resistance was still unknown. 

:Boeyoucos aDd Mick (.5) were the first to suceesatull7 ccmtro1 ~e 

t..e41a\e enTiromaent of the electrodee. 'l'hie OTercame the 1ntltwtnee of 

soil texture, COIIIpacUcm, and-to a lbd. ted ex \en'--the salt content. 
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!hq poin~d out that after the porous abaorpUon blocks are placed in the 

soil, their moisture content tends to come in equilibrium with the molsture 

content of the soil around, and from then on the bloCks Yill loose or gain 

mohture with moisture changes in the soil. They oTerlooked the fa.ot that 

the equilibrium eatabliBhed is one of relaUn suction and not moisture 

content directl)r. '!'hey further observed that the electrical resistance 

of the block does not begin to Change until moisture has been lost to the 

extent that air occupies a part of the pore ~ce, a condition ~ich exi~te 

as the field capacity is approached. This, they explained, is because 

conductance makes a break near field oapaci t7. and as the capillaey moisture 

disappears. resistance of the block increases at a steady rate. They also 

explained that close to the lower 11m1 t of moisture availability the re

dab.nce chaDges for a aUght loes o! moisture are eo graa.t that the con

duct1T1ty (reciprocal curve) approaches a cone\ant. 

1'aylor (Jl) reported that the amount of water present in the 8Ul'

roltndtng matrix depends on (a) the relative attraction of the soil and 

matrix material for moisture, (b) the amount of moisture present, {c) the 

rate at vhich water transfer can be made from one material to the other. 

and (d) the electrical conducthi.v of the solution w1 thin the electrical 

tnnuence of the electrodes. 

Xelley, !! al. (16) indicate that it is important that the pore aize 

diatribution o! all blocks be Tery similar due to the fact that water 

drains fatter from large pores at lower tension than !rom smaller pore~. 

Anderaon and Fnlefsen (1) ~e with Kelley (16) in that an error 

up to 15 percent in the separation of the electrode during cafltin& of the . 

blocke Should cause lees than 5 percent variation in resistance reading. 

!his theoretical consideration 8hows that for all practical purposes, not 

an exceesh·e amount o! care needs to be exercised in the spacing of the 
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electrodes in the midplane of Ule block. 

One oharacter1at1c, ho¥8Y8r, bae been folmd. (Jl, 7, 16) \o lbd.t the 

usetulneaa et absorption units. It 1a that thq do not a.- to operate 

o~er the entire plant growth range of aoil •oiature. !elll1ometera, as 

deacr1bed b7 R1charda (19), haft been uaecl extenttivel.T to indicate \he 

torcea of re~t1on in the motet ran«e where reelstanee units lack pre

cision. 'l!le7 baTe an additional adTantace 'beoawse they indicate tension 

direct]Jr vbile res1etance un1 ta meawre 1 t only' 1nd1rect}7. HoveTer, a 

conetderable port.ion Gf the plant growth ran&e at soil aole\llre la lett 

outside the llld. ta of operation of a tenaleeter (14, 16, 18, 20, 2.5). 

'!he recton outllde this lillit 1s of\en Tel7 illportant 1n plant-aoll 

moia~ relatlonahipa • 

.Ano\her Um1tatlon of \he plaster block ts encountered vhen thaT are 

burled in contlnuou.e}7 vet loeaUona. 'lhe7 begin to dillintegrate 1mmedl

ateq, and after tunctlontng tor aoae monthe under eatura\ed condttiona, 

thq ~ baTe d.ildnM«rated to a point where thaT are no lon«er usable. 

Another faowr wlch haa lntlueBced the resistance reacUnt: et \heae 

blocks ia ohaDgea in salt oontsnt of \he eoll. Wb.en Bol1;F'oueoe and Mtck 

(.5) dea1pecl their orlclnal block the;r studied \M effect on real stance 

readlnc of treat1D« ao11 with Tarioua uounta ef fertiliser. The,. conclud

ed that chaD«e• in the aalt content of ordi.nary aoll ~ tertlllsatlon will 

not creatl.T 1Dfl.118Jlee the rel&Uonahip between ~ realatanae of the block 

and eoll aoiature. !beae ln~eetlgatora repeatedly' (8, 7, 6) attribute the 

failure of the chaDcea in aalt conten\ of the aoil solution to ln.fiuence 

to afJ7 aarked degree \he block realatance, tG result troc \he solublllt,. 

of the Ca004. !he7 indicate that the material h soluble up to 2400 p.p.m. 

A soil of awrage Mlt conaentratlOD. will cauae onl7 a relatlveJ.T aaall 

cban«e in caacentratlon of the block solution. n has been found ~t \he 



fabric absorbent of JI1'10n and ti'berglaas dawloped 'b7 1b"QToUCOs and M1ck 

(7) and Colman and Hendrix (9), respect1vel.7, are more inert than plaater 

ot parte and do not exhibit ~•e buffering capab111t1ea. !hie ia es

pecial17 \rue of ~lon. lievertheless, the7 recognb:ed \hat chaD«ee in 

concentration ot the soil solution in saline and alkali aoils m&7 be 

larp enough to llak8 the uae of even the plaster unite impractical. 

1 

'.tanner and Hanks (28) report that appreciable reehtance-teftdon 

hT&teresis occurs in gn>sum blocks. They indicate \bat the 1!la&D1 \'Dde of 

the qeterede at an;y tendon will va.rr betveen different blocb. IJiheT 

elalm that unl.eee blocks are calibrated individually and unless thq be«ln 

the dr.Ylng Q7Cle troa a definite constant moiature condition, an eettaate 

ot aoil molature \endon from block resistance mq be 1n error by' an 

amount equal to o.S to 1.0 times the esUmated moieture tandem. Holmes 

(14) includes qsteresis as one of 2 1JrpOrtant sources ot error in cal1-

br.aUng hie blocks. Ag1n« of the block is the other one, be mentioned. 

!he 1a« in responae of red stance unite might ea.uee errcmeous eon

elusions unless it is eonaider&d. TaTlor ()1) reports that the la& 1n 

respOnse to aoiature changes mi&ht be reduced When the moisture capaci v 
of the uni ta is made aall and the tran•ieeion of water acrose the 

OO!ltact boundar7 between tile unit and the eoil 1e rapid. 

It hall beell repor\ed (5, 9, 2.5) that some variability in reaiabnce 

rea4ing U7 be traced to the tact that the electrical current conductance 

path 1e part1&J.l7 au\aide \he b1oek, and thus the reaie\ance of \be qat. 

cha!spe, d~int; upon the conductance ot the medi'OIII in 111h!oh \he block 

1a placed and \he contact between the unit and the eo11. Slater (24) 

toUDd that the conductance pa\h ma;r be contined wholl7 v1th1n \he block 

lv" looaUng 1 elecb'ocle cfJiltralq 1n a cylindrical tcreen. !he screen 

1 '"lt toraa the seCOild. or ou'-r electrode. 



13ou;youco• (4) cla1ms tilat his new screen electrode blocks deTelop a 

minimum 8110unt of •atrq currents• Wieh he considers is leas ~ one

third of that deTeloped in his original block. Wo explanation is given 

vb;y the nev block exhibUs th18 adTantage over the old block. 

8 

Temperature changes haT& been reported (.5, 6, ?. Jl) to cause vari

ations 1n tbe resistance of absorption blocks at a constant moisture 

content. 13oa;roucos and M1ck (.5) report that the cha.ngee in block re

sistance 11 about the same for equal changes 1n temperature at all soil 

moisture contents. 'l'hey prepared some correctiO"n ou.rves which a.re in 

essential a&reement with an equation developed b7 Slater and Bryant (2.5) 

tor the same purpose. lloveTer, investigators (.5, ? , Jl) a«ree tilat Tari

atione resulting from temperature changes are amall relat1Te to other 

errors end can be ignored tor maJ'l7 purposes. 

Ashcroft and ~lor (2) e.xpre11s the opinion that increased resistance 

at the aaae tension, when 'lm1 \s are allowed euecess1Tely to vet and dry in 

normal uae, resul. h fr011 rec17stall1zat1on of grpslllll 1n t.b.e plaster blocks. 

This will result 1n a change in the pore size diBtribuUon of the lDllh. 

Another factor that could cause this drift is changes in contact "between 

electrode and plaster. 

Adding to the "rnlue of absorption blocke as soil moisture indicators 

for large-scale insto.llaUons, 1lou;roucos and Mick (6} mention the follow

ing ad:Yanta€811 (a) after the 1n1\1al installation, which itJ relat1Tel.y 

simple, the soil need not be disturbed, (b) reading 7.1JBY be made b7 \Dl

skilled labor, (c) single readings require a minimum of time, ~erall7 

no-t in exceaa of 1 minute, thus senral hundred resd.inge oould be ma.de b;r 

a single operatGr 1n the courae of a working aq, (d) blocks lll8T be co~t

:pletel.7 burled ao that their presence doee not interfere v1 th surface 

Ull.ace ~r plant growth, or 1n arJ.7 oVler "ft8:Y w1 th crop produc\ion, and 
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(e) \he plae~er of paris units are not costly, vhieh makes feadble a 

lar«e number of repl1cat1ona. 

Anderson and »Uetaen ( 1) haTe indica ted that to ensure unques t.ioned 

e1m1lar1~ in characteristics of \he blocks, such factors ae the pro-

portion of plaster of paris to water, mixing time, and pouring time zuat 

be careful~ reproduced in the making of each bloclc. 

Matrix material ~ electrode. ~ varieties of materials are market-

1 ed a. plaster of paris. Dlfferenees 1n both the chemical and phy'sieal 

character1at1ea of these materials are caused b,y Tarying the quantities 

of hasteners or retarders which are added to control setting speeds and 

otherwise modi!)' a giTen product for c01111ercial and techn!cal uses. 

~uyoueos and Miclt (6) 1ndica*e tilat, 1n general, these regulating a«ents 

have an unfaTOrable influence on the soil water-resistance relationship 

of the blocks. !be7 eta~ ~t chcicall.y-pure material exhibits a Wider 

ral3ge of reeiata.nce cha.Dcea for a giTea chance in soil moitrture and there-

fore contri bu\ea to \he send \1 T1 ty of the method. !o them. pure gypsum 

baa prcrved. ~n.e~ durable and the 'beet ma~erW. thus far llrntet1ga.ted. 

In 1942. Slater (24) reponed he ned lo"drocal as 'he casting material 

for hie modified cyl1ndr1cal block. Although this mater1&1 has been re-

por\acl to be very bard, whlch a1ght indicate greater durability, :Boeyoucos 

and Miele (6) 1nd1oate that its extremely htgb density 1s complemented b;r 

a Tery low poroei t;r vhich reduce a DOt onl7 the relat1 ve proporUon of 

water ~t can be absorbed, but also ~ speed with lfhieh 1t lllOVee within 

the blo~ and 'between the ltlock and the eoil. !hey report that the sensi-

UTe ran«e of these blooks 1e narrow, poealbly because of \heir narrow pore 

size distr1but1oft Characteristics. Besides, the low solub1lit;r of these 

hard mater1al.e reduces the butter capac! t7 of the block vi th respect to 
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ealt concentration cbal:l«e• vithln the eotl eolu\ic. DU'fioul.Uea are aD

countered in oaat1~ auoh 'blocb with a hi&b degree of uniformiv. 

JinreTer. Slater (24) reporh that hie coaxial dedgn of blocka ccm

\ain1ng the concentr1cal17 a.!'1'&Dged electrodes ellm:1na\ecl t.he effects of 

external electrical fields. !aylor (31) teeted a eoneentrio plug 1n co.

parteon v1 th other blocks and atatee 1 t te apparent thh unit baa ellld.Dated 

the effect of external contact. 

J3oWoucos and Mick (6) state that the relative eimplloit7 of the 

present rectangular patten. and the ease and oheapnen w1 th which the 

blocks can \e manufactured. appear to offset 8JJ7 theoretical adnntage of 

a coaxial &beorption unit. 

In 1948. BOUToucos and Mick (7) deTeloped a fabric absorpticm unit 

emboqing the principles of the plaster o! paria block and 'Which included 

nylon and fiberglass aa absorbent!!. ~point out tha\ these units last 

longer uader extremely vet oondi tiona. 'rhq alao ol&lm these uni ta meaeure 

the entire r&Dge o! eoil moisture !ra. aaturation to &1r-dr7ness. llove'Yer. 

because o! unique qualitiee which characterize pl.&tfter of pari11. Q.ey made 

clear that the fabric un1 ts were not tntanded. to replace plaster of parte 

blocks. 

Colaparing the fabric unite and various otib.ere with different ldada •f 

electrode and absorbent material•. :Bcrn;roucoa and JUck (8) report tlaat \he 

eUnd.ard plaa\er of parta block. alt.ho\l&h operatlDg ner a I!Aialler J'&DC8 

of eotl aote\ure than \he other Uldta, axh1'b1 ied \Aa emalleat aoat'Mrtnc 

ri thin i te range aDd \hua allowed the .u.llea\ uperimen_taJ. error. Aleo, 

they r8PC)l't theee llll1ta exhibited \be leaat ~teresia between succeae1Te 

d.17iDg ~1ee. thue illuetrattnc the unique bu!feriD« tuncticm of the ellght-

17 soluble gr.peu. abaor\ent. 

tater 1n 1953. lbu7oueoe (3). ill an 1nve•t1p.t1on on how to 1l&b m:re 
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permane\ hh abeorpUen UJd \1 • reponed \hat no block ot the caet1Dc \7pe 

ha4 been produced eo tar. ~rlor in performance an4 loncenv ~ \hat 

aade troa plaeter of parie. Be reponed \bat bT blprepatlDc ~ bleake 

v1 \h pl&eUo reetn, lib D1'l.on, not onl7 \he dura'blU v of \he block 11 

lnoreaee4, but characterletlct Uke butter action, rau and amcnmt ot 

waMr abeorpUon, electrical conductance, an4 eena1UT1 'T ot \he block to 

chan&ee in toll moll\ure are not altered. Thle block waa prrr14ed with a 

abort, \hick electrode vhioh, 1n contrad Yith ~ old tJpe, ~'QTOUCOI 

claimed allured r811&l'kable unltol'lll ty 1n the re&41DC of the bloaka. 

been tl7, ae a reeul t ot recent atu41ea, !ourouooe ( 4) report• the 

introduction ot a nev t,ope electrode. He a \a tee 1t probablT conati tutea 

one t;f the aoat 1mpor\ant iaproftllents on \he blocka elnce \heir denlop

ment. According \o \be reeulh of e~erlaente, it hat led him to oonolu4e 

that the new unit 11 nperlor 1n \he toUowtD« ~· to hit orighal block: 

l. :ll:h1 b1 h 11 Ule or no capac! tance. 

2. Denlop• a lliniDNil &110Ut1t of "etrq current•• of electrical 
force. 

J. Ie tltshtlr more eene1\1ve at h!Cher leTel• of mo1etuze content. 
Definite eeneitiTit7 to change• in 1011 aoltture at a tension 
rancing trom 260 to JJO em. ot water 1e abown. 

4. !he screen electrode uaed in \be new block aetures cloeer, 
ttroncer, aDd more pel'llaMJ1t con\aot beheen the JD&trlx aaterlal 
aDd the electrodes. He alto olalae \hit eleotrode make• plaster 
ot parte blocke aore pel'lllallent and at.a.ble in their pertol'llallce. 

Tqlor (:31) r.porte \hat ..,en lt a material could be found that had 

exao\17 \he tame attraction tor water at the eoll oTer &DJ «inn range in 

mo1eture content, there would at1ll not be a lal ahance 1n retla\ance of 

the unite due to the taot that aoleture content and reehtance are not 

l1nearl7 related oYer all n.lue• of aoli\Ure. 

'lhe rel&Uonlhip bebeen toll aolttUJ"e and 

electrical rea1etance of block• ae firtt determined b.1 ~ouoo1 and Mlok (5) 
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II&• bean Uut aubJeot of Tarioue modificattona. iftle me~. clependl.J:I« 

funclallen\allT on moisture equillbritUD between the block aDd the eoll, ie 

belug objected ~. prlneipalq beoau.e of ~ lag of ~ =lts in attain

in& equ1Ubriwn. Anderson and Jldlefaen (1) report that the;r were una.ble 

to ob\aln equill'brillll Talues for the electrical reaietanee ot blocks at 

low moisture contents in ~ rlc1niv of the permanent v11Ung percen~. 

'.ftler7 ilrneU«atecl the 1a« in 'he responae of \he blocks to changes in 

•oil moisture content when the roots of aet1Tel.7 transpiring plants sur

rounded the un1 ta. !hen ~ found eurprising a'bsenoe of la8 in re8PQD.ae 

for ~ 2 electrode 'blocks. !he explanation thq gi"f'e is t.bat in t.he 

soil where plant• are P"Owin8• a TerJ' steep soil moisture content gradient 

is deTeloped. the roots grov1.n& up to \he face of the 'blocks. .b the rate 

of mcrt'811l81lt of moisture, tluv' explain, is proportional ~ the gradient of 

mohture content, the ao-naent out Gf the blGeka t!hould 'be aore rapid. 

!heir fi&uree ahowed that the electrical realste.nce correspondin« to the 

permanat v11Ung percenta«e is around 200,000 obits and \bat eorre~~pGnd

irsg to \he moisture equ1-.alent ia around 500 to 600 amae. !anner, !! al. 

(27) and ~oucos and Mick (6) haTe reported eWlar ficvee. !he 

latter BUCCeet that for practical purposes, \heee redstance Taluee will 

cbaracterlze the extn.es of aoil aolature fi'OII the vil tl:a« point to 

field oapaci \7 except where h1&b oaoUc potentials are encountered. 

!anner, .!! !!· (27) calibrated ftl"iO'W9 blocks prnlous:Q" tested tor 

tmitol'lll t;;r in a modified (13) preesure membrane apparaW&. !hq found 

it to lte the moet vena. tile eJ1d rapid or all Ullecl. Baiae and l'elle;y (13). 

vbo used the method original}T. repori that 1 to 7 4qe an required ~ 

reach equlli"bnua. liOW8"Nr, \haT po1n' out that this does not mean that 

the units would lag 'hl.s much 1n t.he field if eurrounded 'bJ- soil 1n which 

moisture ie 'beint; remOYed b7 roots of act1Tel7 transpiri.n« plants. Onq 



on.-Wrd of \he 8UJ'face of \he uni~ le exposed to \he membrane, but it 

molature were l"eaa?e4 tram \he enUre aurface area the7 think tba t 1a« 

would be conalderabq re4uoed. 

~lor (Jl). in h1a COIIp&l'iaoa ot n.rtous derlcea to de\ermne soll 

molature, calibraMct different units 1n the preasure -'brane. lJe r.ports 

~t ~ in the caae of tlle plalD plaa\er \leeks and the concentric pl-ags 

were \he nuc\\:latlcme beW8en blocks lov eno-agh to pel'Jii t the uae of a 

s1Jigl.e call'bration cane to appl7 to JDaD7 'bl~s. 

Tarloue lnTestlptors (.S, 6, Jl, 4, 27, 1) 8gl'ee that unlf'ol'll1 ty of 

the blocks le eaaenUal in obtatnln« reprodudble reaul.ts from repreaenta-

Un \loeb of t.boae oall'brated in the la'borato17. ~oucos and Jd.ck (6) 

\he 'bloelts when U.ersed 1n valer. ~fanner, !! !:!.· (27) recOIDD8D.d that tor 

'beat reaul ta cml7 'blocb which check w1 thin .SO olas be us eel 1n the field. 

Boeyoucoa (4) 81lM&Bts that to preTeD.t az:q sh1ft1D& in calibration of 

Std. tabilitz !1. alta .!!g_ field coD41 tiona. Various inTeetlgators (25, 

10, JO , 2) haTe eaco'tlntered t.he difttoultles of UDeq_ual. distribution of 

structure, aDd cracks 8lld diecontinu1 Uee which cause unequal penetration. 

OllmdBgS and Chandler (10) 1l1dioate \hat o\her factors as (a) errore 

in f1el4 aea~ts, (lt) t..perature differences, (c) the ~ous amo1mts 

of stJ"q' current tlovi..D« outside the block, and (d) Tarlatlcms ln ccm

structlon of \he bloCks contribute to reduce \he preolaton of the instru-

menta. 

Aah.crott and ~lor (2) sWdied the T&l'iation in blocka aDd the random 

~iat1on ef eoll aol•ture tension ln potato plots. !be eoattlc1ents ot 



ftrlabUl\7 tbq de\eDdned for bl~, looa\~on. aJLCl the ooa'b1D.ecl lo

ca\ion and block ftl'iatlon, and tlle7 f01md \ba.\ tbl ..Uer ftJ'iaUoa vaa 

aacmc ltl.oob the .. lns. !M bloob \beer uae4 were the e~darcl lbUToueott 

\7Pe and no a\\apt was made to aelecn ~ \o a«ree withbl SO oJ.a when 

soaked 1a •ter. ~ 1ad1caM that ftOh fac\on as drU\ of \be bloob 

due to 1'80J'T8\alllsatlcm •f CaS04 in the UBiu, the aaount of el.actro3.7W 

preMDt 1n \be aoll, and Use ooataat betvee U.. .. 11 del \be ltl•cb \hat 

is ob~ 4ur1Dc lDatalla\lcme are lmmm to affeot the preoiaion and 

caltbl"ation of the 1natrumenh. !he7 further B'llgg8et that b;r tnereaet.Dg 

the maa'ber of tne\allaUIID.e, the ooablnecl locatio• plua block Tal'iablli~. 

which ie an ee'l•\e ot the preciliaa. vtt.h vhieh the ao1swre tension is 

ac\Uall7 measurecl, can 'be re4uoed. 

1'qlor (Jl) lndioates that since it eeeu unl.lbq \hat the eo

efficient ot Yariabili" for t1el4 eampllDg ot •oleture plo'• can be 

re4uoed lluoh 'below 10 percent of \he true 'Yalue. a:q .. thod g1T!n« thle 

prectd• would therefore Mem to haTe a uae 1n \be field. 

Slater (25) obta1ned a standard error of estillat1Dg soil •olsture 

contmt b7 plaster blocke ot 1.29 percent vhU.e fft tc810118ters he got 

1.4 pe!'Celllt. loth M\heds cd lleaft.J"8a81lte were \aae4 em \he reepecUn 

moisture ranee 1n Ciah the 1Den-a.ats are sensltlTe. In order to nalu

ate 1Ds~l&l reeul._, u ..U graTt.etrlc deteDilDaU.one oa soU 

ea~~ples taken tra. the plots, Gld\tb« an area of apprerlate]7 1 toot 1n 

dtaaeter surroUDdiD« the lnetl'\11181lte. Be plotted. lee ot ohla resistance 

beaauae lv the use o1 logart~. linear relatia be\ween block red.etance 

8D4 soil aoieture could be ob\alnecl. Re tolmd an esemU~ linear re

creaston 1a \he 1D.\el'M41•te JI018Wre ranps, ht 1n tbl h!&beet lenl of 

110tstve he encountend a wtcle, horiso.a.\al diepereton of the data oa \he 

gaphs. Be dld not detem1De the a~ with liltcll 'hn•ion was eatillated 
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b7 \he units. 

Baise and Xelle7 (1:3) pointed CJUt that i;he curves preHD\ecl troa 

la'boratOJ'T oall'Vation are for cleaorpUon onl7 and 1 t should lte ezpeo\ed 

\hat ~ ftluea would differ under fleld ooli41Uou, d.epelldlD« on the 

Jllaf:!lltud.e Gf \be ~teru1e effect. !hla faa\or ldt,bt oauu a oonaicler

abq g:rea~ error 1n de\endBiDC aoieture content than in eetlaatiDc 

tendon Iince on~ Ule bTatereala in ~ \locka would be ln-.ol'nd in the 

latt.r but both 11he soil and the blooka wuld be 1DT01Yed in the fGI'IIer. 

In ~ oue o! tensiometen there would be no b1'e\erede in'YOl?ed in 

tendOID aeaaur-.nb aDd onl.7 the aoll ~tereaia in d.ete%'1d.nin« \he 

aola~ content. 

lK direct !!thgd 

Rlab&rd• (20) daecribee eoil moisture tenaion aa a plv111cal properv 

of water, that wi~ 11a1ta can be JM&eured d.irectq wltil eolle in contact 

with a porous aurf&ee. 'l'enaiOileten pl'O'Y1cle a 41rect mea8Ul'8 of the t ... 

nae1 \T w1 \h Vhich water 1e he14 'b7 soil a. !he aagn1 tude of \be tJUrface 

force a w1 th wbich ao11 retain a wa\er oan be expreeaed in tel'lla of he!.«ht 

of centiaetere or a un1 t Yater collBil ldlou ve1gbt just equala the force 

UDder condderaUon. !he JMrcur;y aanC~Beter in a teneicaeter affords the 

peateat preoidon. ~ the -.aaure no call'bratlon against ao11 aolature 

tension la neoeaaa!7 becauee they are UD1qul.7 related to \be work plante 

.u.t do apinat .-arfaoe force action to 8%\raot moisture fl"CCIl the eoil. 

JIGvenr, tenaloaetez- readiDgs are Ulll'eliable unleae 1 t la lmcnrn that 

the uzd.t is nbstant1all7 filled wlth w.ter. Otherw1H the Yolu.e of water 

that aut be dleplaoed t~ the oup wall to attain equilibrl1211 with the 

aoil will be excead.Ye. .l tran8p&l"ent air trap is thentfol"e acnmW aboTe 

\he cr<NDil am aoJlJl8ote4 to the cup in eucha aaD:aer that azq air enteriDc 

\be qeMa beoc.ee 'Yleibl.e in ~ a1r trap. 
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:maaentlal elaente ot a teneiometer conde~ of a poroua cup, a vaoumn 

gage, and meana tor filli.n« the -retem with water and r•o'finc air. Their 

fora, abe, and arrancemen~ can be T&ried to suit 1nd1T14ual requircents. 

Cup conductance, ae 1nd1oate4 bT Richard• (18), appeare to be a ai~ 

nitican~ conetant tor a tenli011l8ter. It inTolTee the area and thickneee 

ot the cup wall, ae well as the permeablll~ ot the porous cup. Ths walla 

ot the porOUI oup ehould be ae permeable ae poeeible and etill haTe an air 

entey T&lue greater than 1 atmosphere. That 18, vhen the walla ot the cup 

are saturated v1 th water, the:y should 'W1 thatand an air pressure difference 

ot more than l.S pounde per aquare 1nch 'W1 thout lealdng air. SUi ~ble cups 

can be made from ceramic cl~, bf the drain-catting proceaa. Air might 

enter through the cup walla or through the jointe that are not T&cumn-Ugb,. 

Some kinds of plastic and rubber tubing are somewhat permeable to dittueion 

ot aome or all ~aea in the atmosphere, and when thq are uaed, air entry 

11 inert ~able. lCoreeal tubing 1a the be at material used todq. It 1e thermo

plaetic and 1a unaffected by' trunll&bt. After long peri ode of uae, air 

gra4uall7 entere eTen the beat-conatructed tensiometer& b:y eolutiona in the 

eoil water which enter the instrument thro\l&h the cup valle when rapid 

change a 1n tena1on from htgb. to low Taluea occur. 

Tenaiometers haTe been used tor meaauring aoil moie~ure under field, 

laborato17, and greenhouse cond1 tiona. The tendon range coYered b:y them 

extende from 0 to about aso centimeter& ot water. Thie 1s only a small 

traction ot the tendon raJ18e over ~oh eoil moisture 11 aT&ilable tor 

plAnt grovth. HoweTer, thla limitation appeara to be lese eeTere when 

ata\ed in terme of the aT&ilable soil moleture-content range of the soil. 

Richard• a.nd WeaTer (23) concluded that in the tlnee\-textured aolla the 

tenalon range ot o to o.a.s atmo.phere coTera about halt ot the moiature 
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COD'-nt ranp 'between !lelA capac1t7 and \he v11Ung percen\ap. Bich&rd.a 

and lfadlei&h (22) 1.l141ca'- tha\ for ooaraer, ssnq soils the \enll10111eter 

~ OGTer .. " ~ 90 perMD\ of ~~ ra.nce. 
L1lte eleC'b'to-neia\ance un1 \a, a Tar1ab111 v be been tendOJMter 

rea41Dca 1a a «!TeD plot area 1• ueuallT aeaocia\ed vi til non-unlfol'll aoil 

110ia\ure con41\1cma. 

'~here baa bee repor\ed (25, 29) that one o! the aoe\ oOIIIIIOJl sources 

of error 1n \enei.eMr rea41D«e 1n the field r88Ul\8 trc. the preaeftce 

of air lnibltlea \ha\ &PJ*U" in \he 87'a\em. !he presence of air in \he \rap 

incUea'-• that the 1DeVa.81l\ ahov.ld be aeniced.. DlaUlled water, freah

q \oiled \o reBOTe diseol'ftd air, should lte uaed \o refill \he 11711'-• 

otherwise, unnllalal.e readiD«S vill be obtail'lfHl fr. \endca~e\era. 

ADo \her aource of error t a oausecl b7 t.perature "ftria Uona in the 

field. It hae been found ~\ larp. diurnal nuctua~on• oocur 1D re

apcmH \o tlae hea\!Jt« aDd cool.lD« o! \he aetal porticm of the hatnaea\ 

and \he 'hal'llal. caadliCUcm into tlaa CNp by the metal paris JolntD« i \. 

!bla ae\a up ~per preanre gra41en\a and the 41atillaticm of va\er fl'elll 

wp ~ cold eoU or Tioe "f'ere&, inducln« difference• 1D \he readiD«a fro~~ 

\he \rae Y&lue. IJ!hle 08Jl \a par\~ corree\e4 lt:r ellmina.\bg lletal 

par\a \o lte in contact vi\h \be porous cap. 

Slater aDd ~\ (25) reponed that 1 t waa their experience that 

tenaia.e\ere are eubJ&O't to mecha.D1oal fa111U"e. !hs7 aclc1e4 that their 

coa\ prohibUa e:dena1Te repllca\lcm, and that there la DO vq, once a 

tend011eter 1a 1natal.led un.d.er field cand.ltiona, to determ1ne eaail7 

whether or not tandGIIe\ere are ftmCt10111nc correctl7. In attemp\ing to 

correlate aoil surpling vUh corre8pOD4l.Dc \endc.eter data, \be7 1Jld1cated 

1 t wae md.a.t that an apprarlaa\e~ linear relatlc:Jilah1p a:b\ed for the 

data at \enetons of lese than 6o cenU..tera ot ll81"CUl"7• and \ha\ al»o-nt 
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~t, 11~tle er DO correlation 1• md•t beheen eoilaote~ ancl inah"u

JMmt rea41~. 

Conplua1e• ~ 1a min 5!! U'eratm 

1. m.eotnc reainance UBi te 1Mica\e 1n41rectt17 t.he tone w1 th 

which •1e\ure le helcl b7 \be ao11 enrlJ'Omsent. !!de, in \urn, 1a u 

eatblate of eoll aolature ooa&U \lou aa \he;r uie\ vith re8p80\ to actlft

l.T \rauplriDc plants. 

2. In the ooutruct1on of \he elec\rical realatance wdh it is im

portant \o obtain li.all&rl'J' ill nch oharacterietloe aa pore at .. clie\ri

buUOD and vatel'-holcUDc oapaclQ' of the unite. '1'o d.o Wa, sueh con

atructlon fao\ol'e aa proportion ot water 1n 'he au, pouri.Jl«, ancl 11'-d:B« 

tlJie IIU\ 'be oa.retulq reprocbacecl. 

J. Ulltte ehoulcl 'be eeleoted. for UJdfol'ld\7 ao tiul\ th87 will dn 

acceptable reaul.ts fra. la)ora\or;y calS.l:lratio:u of repreaentaUTe blocb. 

4. Pl.aeter ~parte bloob, beoau.e of ~lr lov aens1tiT1t\r to 

ealini\7, lev qetereaie efteo\, eue of fabrication u4 reproclucib111Q', 

han ~ far not bee replaoecl bT the o\her Q:pea of re•tab.noe units. 

5. Scae aoclifioatloaa ha:n elbd.B&W. or retace4 eoae undeeirable 

charaeteriatioe tn blocka ot \he oaaUnc Qp.. t.pro-.-en\a haw .... 

peciallT 'Men aoc.plleMcl 1V (a) ellaJ.Datlzt« or reducing greatl7 the 

capaoi'-.ce of ~ 'bleob, (b) eU'q current• have been elllllnated or 

reclueed to a wtnt-. (c) alllbtlT aore eeulUn tmlta a\ a h1Aher lenl 

of .. tabre content haTe beea preduce4, aD4 (d) :uw blecb eea to 'be aon 

a\a'ble 1Jl their perfomanee. 

6. CallbratlODB in \he preawve ._brane apparatus han hen foua4 

\o be the ••' nraa tile of all •\hocla uaecl. 

?. tlaecraaJ, 41eU1.1nlUon of aoiatun in plota baa been at\rlbuW. to 

be cae a;plaDat1• for \he Tarlablll\7 1Jl readings of \he derl.cea ln the 
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field. 

B. '!fta1oaetera proTide a direct aean.re of the hna.ci\7 with ld:dcb 

wa~r 1e held b7 aolla. !he JUPl tude of 'he aurtace forcee with which 

soil retai.De waMr can M expreaaecl 1.n \el'll.a ef hai&ht of cenUaeMre t¥1 

a uzdt ft\er colu.n whoae ve~t Jut equal• \he force undar conlideratlcm. 

9. llo callbl"atian of \enda.eter reatiop agalnet soil aoleture 

\eneion is necesaa17 'becauee of \heir 1Dlique p~ of 'being direo\17 

rela\ecl to \be wrk plant• .uat do a&al.ne\ IIUI'face force action to a

tract moisture tram ~ eo11. 

10. !be most co..on eourcee of errore in tene!oaeM'r rea41Dge 1n 

\he field are caused b7 air 'bub'blee \hat appeal' 1n the qstem and the 

\elrperature n.riatlone 1.n the f1el4. 1f.ben8"ntr \heae condiUcma are preeent, 

tbq an 1nduci:ac 1ar«e d.lfferel'lcee 1n rea41Dge froa the U'ue 'ftLlues. 

11. !ens1oaetere are tnibJect to mechanical failure and require 

eerrlciD«. Aleo, tbal.r coat prohibita uteaain replication. 
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Some weka before 1nstall1~ the units to 'be used 1n the field a:-

pen-s.t, blocks of differen~ dealgn vere constructed in the labora\o17 

1n tmff1c1en~ mml'ber \o compare th• b;y varlous calibration technique• 

and o\her teste. It 'WB.e 1ntend.4 to collect enough data in the la.'bora

\ory to aeleot a block of apparentl! «ood characteriatice for field ue. 

However. this vork waa not COII'pleted before f ield work began, and s~ 

leeUon was made on the bsda of the limited reaul~e obtained. 

A UJDited mmber of eo1111erc1a1 units of the concentric tne 

l 
electrode ela11ar to Slater de.tcn (24) were included in the co.parieOJ1, 

althollgh not teaW b;r all \ecbniquea. 

l!ecauae onl7 a few un1 ts of each kind of the C011UZ1ere1al pluca were 

anllable, aad beoauae tt.me aDd space 1n the preasure ••brane were 

11a1 ted, aoae ef \he reeul ~a herein obtained vi 11 neeeasarl]¥ requ1 re 

tur~r 1nnaUpUona. 

'!he un1 te eonaVucted in tile labor&\ory vare of a reetaD«uJ,ar 

pattern. whUe those received cOBDerciall.7 be.d a. coaxial deBip aJ¥1 

differed in ~ coapos1t1on of ~1r matrix material. In total \here 

vera 8 ·d1fferent deT1cea which are described as follova : 

1. llo'u;roucoa oric1nal block: Yor details of oonstruct1on of thia 

2. Screen t,pe electrode blook: !his block vaa cona\ructed a11d.lar 

to the ou deTaloped laatq bT :Bo~oucoe ( 4). The ()Uteicle diaenalona of 

this 'block are 2 lv 1 9/16 inches. '!he electrodes are l t x 8/16 tnchea 

1. ObWned t1'011 Bauturn CorporaUoa, Portland, Oregon. 
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in else. 'ftle eleo~rodea are a 2C>-Mah aU.inlen a~eel placed 'J/16 inch 

apar~. In thia case, unlike ~e ~oucoa VPe, \hq are arr&D«ed wi\h 

\he lonpat nat surface of the electrode parallel with the lOD«e•~ tla~ 

aurtace o~ U1e block. A t:ood nuaber of tiutae bloeka had been prmoua}7 

conetructecl and tea\ed 1n the laborator.r and were found to ban proatd~~g 

charaeteriatice. Qrp111a oaaUng plaster waa used. as Jl8.tr1x materlal tor 

rua and all 'backs coutructed 1.n the labora\or7. !he plader mix baa 

10 parts plaster and 7 parts water. 

). Screen VPe electrode 'bloak, ilrpregnatedt 'lhie block waa con-

struct.d. the aaaa ~ as lfo. 2 except tha~ the tlnlahed tad t vaa impret:

na-.d. in an alcohol eoluUon of n;vlon relin (6 percent). 

4. Concentric electrode plllg (12.5): 'l'J:ds unit vas commeroialq 

available. The :manutacturer1 1nd.1ea~ed it waa made fra atrai&ht lqdrocal 

llix, in the proportion of 4 parts plaster to S parte waMr. !o 1deat1f7 

~~~ and the follovi.D& uni ta, a n1111ber corresponding to the pa.r\a of water 

per 100 pa.rta ef plaster ahall appear at the end o! \he DalleS of these 

5. Concentric electrode plug (100): !hi a un1 t vaa also com.eroiallT 

aftilabla. !be manufacturer indicated \hat the plaawr ot vh1ch it la 

mad.e, designated ae B-11 'b7 ll11ted Statee Q)rpa-a ~. h eharao\erbed 

pr1aar117 'b7 1 te high alkal1n1 V (pH 11). 'rhe plaster m1x has eq1Jal parte 

of plaster and water. 

6. Concentric electrode plug ( 60): Dll• vas alao coanerclall7 a~l

able and manufactured from ~11 pl.a.eter. !be plaster llix baa 5 parte 

plaster aad 3 parte water. 

7. Concentric electrode plug. mixed plaater (60): Another ~it that 

waa also ca.aero1al17 available. 'l!1e manutac\urar indicated this was made 

1. Letter reoei.,..a from Mr. v. J. 'l'arner, Raqturn OOrporaUcm, Portl.Uld, 
Oregon. 
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aod1fle4 laMr b,r B1char4e (20) -.e uaed.. It hat! been fCJUDd thU 'b7 

dipping • 11&1l8EIC'I ._lmi.D.e 1n vara water v1th a M.t ot mercu.rlo lodld.e, 

\he .urane oan vi~\ud \enllone up to lS at.oapherea for a l.cmpr 

~rlod. of \tae. 

25 

Cal1bra\1an carne for all the ual\e, ~ lte rea4 ill \euicm direct\]¥, 

were o'bta!Md in \he pree8UN -bran• app&rahe. ,._ .. cell• W. been 

ell&h\17 JIIDC11tied br ~lor (31) to peralt electrleal con\aot tra U.. 

outdd.e ~ 1Dnla\e4 fltti.Dga 1n Uae eyUD4r1cal eao~cm. aa ... hel.e. 

dent.~. 0 l"'l'b'ber ·~ !aa4 'bMn tl t\ed. into holn bored b the corl1Hr1-

cal valle. Jtaohb.e ecren of appropriate dse to fit enUC13' lD t.b.e Mle 

~the ~ e\epper wre tn.erted. 11t.U.r and. nate ha4 'Mea plaoecl 

t.ha at each eD4 of the Jlaeblne screw and tl.&h\ced. eDO'Q&h ~ ..t.e a 

co.ple\e aiz--t!ch' Hal. 

:Inept 'he lblJTOQCOe orlglDal block and the ecrMD eleotrocle 'bleok, 

1JIP1'8Cil&ted, all o_.r tine• were r.pllca'ted ae pe1'ld. \ted 117 \he n•'ber ot 

amdla'bl.e IDeulaW tl "hlp· 

1DC the. in pots 'llltlere actiftl7 \ranepiriJa« com pl.aDte wre growiDg. 

lfhe .. wel'e kept 1D a~. Soil ued. tor \hie aDd all other eaU

braUaae wae Salt lab ellt loa. tu. fro. \he ar• wt.re later a fie14 

expen..nt vae camel a. It wae prnion.el7 paaeed. (air 417) t.hrovp a 

2 Jill. dne 1n oi"Ur to o'b~ fa1r]1' UD.i.fora etracnn 1n all pote. 1lllen 

the pl.aDte wn \!« e...p. ndetalloe 1'8841aca wen \abll Mce ne17 dq 

vi \h the ~· lridp (6). ~rat-. rea41Jtca Wft ~ flft7:'T \lJM 

\o co~t reeietau. reaat_. to a \llliton taperatun of 6o 4ecreH "'· 

!td.a wae clone lr ualq \be 'l'lll:an on hble 8 (p. :347) Gt the!!!! lur!!r 

J1am1f1 (26). YrequeD\1.7, hre wer. JdPb ...._ t.peh.\ve wae 80ft ._ 

5 ctecre•• hipar than In U. llOl'Dac-. 1Jl vhioh .... wl ~t oorrecniee 



tor te.perature, rede\aztce read.tng. were lGWr nan \hotach aoletun bad 

been loat ctur1.Dg \he dq 'bT Ua.n8p!ra\1on aJld napora\1cm. Pot• nre 

wettecl onoe to a'hcrut field capaci\7, the 4q Mtore \he tint J'8&4Sap 

were~. 

calibra\ecl to read aole\ure content 1lrr placiDc \hem ill 8 frtetlon top caaa 

vi th soil prni.uaq deftd aD4 aoia'-lecl \JD.lt~ te dittoreDt aoiatuoe 

eontea\a. !be leacle wre ltroup\ \hr'Gulh a holo 1a the \op eleh wa:a then 

eealecl vlth cot~ aJI4 vu. Bead1DCt~ ,_. ~at iatenala UJltU DO 

h:rt.ber o!wnp 1n reaidance readiag vu no\ecla cane wn ~ epened and. 

\he mo1a\ure oeatent wae 4le\el'm1Ae4. !he reaai.DiDc ooneern\ri.o plugs made 

¥1.\h B--11 plaa\er wre also oallbra\e4 ~ \hla procecbare, JIOdU1M 'o 

ob\a.lza U"f'8ftl equllilal"lta reeAiD&B tr. the ._. can. !hat 1a, onl7 2 

trtct10JI. top cane were UNA. ll.b8ll J'WP8&'-4 rea1st&Dco J'WtJap 1nd1oate4 

equ1lilll'i1a WUI obtatned, a repreaentatiw .-ple ot aoU tor mole~ 

detel'lliaadon Y&S n..•ed. !bt oaa. wre \hen he&\ecl \o a~t 70 c~e&ree• 

C. fer about ) \o 4 hour• to re4uce \he aolatove oontent. !be7 wn \hen 

aealed an4 hea\e4 aca1Jl to &14 in ob\etJdJic a ua1tom d1atrlbu\1on of 

mota~ 1Dai4e the oaaa. llld\a vldch wl'e repllaatocl hlce 1na1de the 

calla,.... plaoecl 1 em W]) aDd tho o\bar a \l1e bo\tca. ao that \heir read

ia«a voul4 pw u lDdleaU.e .t the diaVi~icm flf tho eoil aGS.a=n 

1u14e. t. 11111\8 ot the aorea \J'pe eloeu.clo ltl.oolt, n.t lapre&naW., 

ha't'iDc \he eau aa\un.W. readi-«, vera llar1o4 al.eo b each of • 2 oau. 



1!ae a\~\ ha8 been -.de 'o .~ da\a c.-parable tor all a.rl.cee 

e tbe 'bad a at unitond. v, pnd eiOA, eend th1. V • lag, clr1ft, aacl 

v .. tbert.g. 

tl1d4tZ' \he crorinc pl'Oceea (al terna\o vat tin&: and ~ eyclee), ~ 

aetrMD. ~ eloctl'Ode 'bleake aUal.ned a eonatant r88dlng apparent~ tuter 

thaJl \he ar1cbal Bcrqoucoe bl.a. !hair drift vas a.lao e1gn.1!1can\:q 

leaa. !here ae_. to ~ DO a1CD1flcant dltterencea between the iapH«D&tod 

and nOD-imprepated aoreen \Jpe blocka ae to quickneae 1n curing and drit\ 

(11.gve 1). !be 1Drpre«naW. block ao•a to 'be aligh\ly more preci1o in 

1 \a aa\uratod z'ead1D8 once 1 t la apparently •cured. • ~\h screen \7PO 

electrode bJAab ooarpare ta'YOrabq 11'1 \Dlifomiv ('!able 1) wUh \he a.... 

aeroial 1mi\a as lndlaa\ed v their fire\ u.\ur&W readtDC•• nen thOQ&h 

all c-.orcdal uas.ta had unctorce• cmriDg t1"'0l t&eto1!'T. Io atgnitiean\ 

chupa 1n 'be u.Wr&ted reaiak.Doe ~of 'be aereen ~ 'blecb 

wre toma4 lllbeD \heir external ocmtao\ waa ft11.ecl. !hla agrees vUh .,.._ 

::rouco• (4), who lndica\ed ~\hie ~ \7po eleotrocle 'block had. prao,1-

cal17 ol.J.llllna\e4 \he ettoota ot •atr~q" cmrrenta. • lJcme of \he ocmcen\ric 

plup ware attec\ecl ill \blir l'e841ngtJ vl\A ohaDp in e:rlar.nal ocmtaot. 

J't.«ve• '3, 4, 5, 6, 7, 8, 9, aDC1 10 NpNMD\ the oaU\n\1• C\lr'ftl 

o'b\aiud r.r. all uaita lv \be ) eallltraUcm '-ahnlquea ,_,1o7e4. All 

curna laTe been plotW on lAc paper, ) b7 ) qolea. I\ has 'been fOUD4 

\hat an approrlaate~ llDoar relatieDahip axlata behMn la« .a. r.. 

a1a\&Doe and lee tenat..n onr a part of UM •1atur. race for aliT ef the 

un1 ta, aa ahlnm ln • flpree. Slakr and :lr7aa\ (25) u.ae4 t.hie or a 
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Ml• 1. Un1fe!'lllv of tml\e wzb4 wl\h 1n the la\ol'atez'T aJUl U.lr 
re1aUn ea~W. re.dsta.Dee reatinc 1n l"eQOUe ~ ex\e.rDal 
con \act 

1 

2 29 

3 JO 

5 

6 

7 

8 

,. 
)• 

7.7 

o.o 
5.9 

4 

4 

4 

4 

4 

a.a 
.s.o 
5.4 

8.1 

4 

4 

4 

4 

' 
' 4 

4 

765 

lBG 

190 

285 

~s 

315 

445 

sss 

,Ur 

190 

200 

e1a1lar ••'btcl to ~ ftr1eu derlcn 1a a 8\Qq whlob. 'M7 aanle4 

on. All fthl.es pl.O'tW repJ."Men\ ••n•. b tacn \bat 1DIUO" of \he \I'M 

earn• u 1nd1ca\ed b,r t.he pletW. peht• 4n'S.a'- oon11cla:rabl7 floaa a 

e\ra!f;ht llne la to l»e e:cpeo\ecl. -.n a <nl1"'ft clen DO' deviate tzo. the 

eh'aldl' llne, 1 t 1• oond.cleftel to 'be ferWJ. wu. 

!able 2 b.dtaa'" \M _. reelatanoe nacU..acs e'btd.Ded f&r a11 \he 

dArden aal1bra\ed 1a the preanre ._...._ appe.:ratu. !1M concentric plac. 

llued plaat.r (6o), a:hlld.W. u. cnatest un.itftlliv (lean aoettlcd•t of 

ftl'ia\tcm) • .&t the ... tiM, 'M7 Wft ~-liT \he leu\ eeut

t1'Yl1i7 (!'aU. :3) tB U. 1ft t•.d• ,....... !he ICZ'Mil tne electrode lJloab 



:3'7 

~2. ~autaaoe r.ibg .ct. u. ooeftlol•t .t "ftLL"lab!llQ- ta all 
the clrt1.•• oallbraW h \he preaaure -"bra!le apparatu 

twnaa l.&'-!IMD•l 
Mea.81lri.Jic Brrlon 

0,3J o16 21~ ~.o ~.o ~.o 
Bea41Dc (obu) cerree'-1. \o 606 Y. 

!fllt!ect rnlty 

Oricbal bleak (1 uni\) 1,160 1,)10 2,025 13,800 56.2)0 lJO,OOO 

aor.. t7Pe el.Htro4e 
IIMZl . ., :3 ua1 t. 120 ?50 2.5?0 u.?OO 24,900 

aereen ~ eleoVwde 
!Jipr~tecl (l unit) 170 )80 1,8)0 6,6oo 20,900 4),000 

Ocmea tric plut; (125) 
liND et :3 1lll1 \a 210 250 820 3.350 ~.250 21,?00 

CoDC*ltrlo plug (6o) 
Mall ot 2 '\1ll1 \8 .ru 1,7&J 2,220 8,850 17,210 n.~ 

Coneent.ri·o plug (100) 
118811 ot 2 lllli ,. 1.:375 5,020 9.6oo 18,,500 J9,100 ?4.900 

Coacent.rto plug, aiD4 
420 plaater (60) 2 liDlb 515 2,150 ?.:no 22.'180 

Oace a tab tttm-.1 \1'Ye 
.u ...... fit 6 alb 535 545 800 990 1.1~ 1.510 

O!ttt1o1g\ !t ]IU"laU• ttu..tace 

Se.I'Mil VI>e el .. ~ 8,2 9.5 25.9 ,,,,. :31.8 11,8 

C.oenU1.o p'l.uc (125) u.:3 4.? 59.? u.s.o 1110.6 .58.6 

eon ... b"te plvs · (60) u.a 1?.6 19.8 23.3 20,8 18,5 

Cnoetrto pl~ (100) 29.4 28,8 36.6 15.3 20,4 22.4 

Coaoeat.rio plllg, dDt 
plut.ft (60) 0 2,6 0 7.2 6,8 5.4 

Gap atab eenitln 
oell! 10,0 10,7 n.4 11.7 ),6 19,,. 
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!able'· Blla,lw seul\lrl\r fd all 4Pice• eallbraW ln ~ pl'eSftft 
aealmma a.pparaN 

!'e!t.•ts (Awmm•l 
Jlle&eurlac lWrl.oes 

O~JJ o.a 210 ~.o 101 0 ~g 
peJ'OU.~ 

A~~~rta!!l 
~- R1 cl 

~ 

Orf.c!NLI 'bl.eok 2.6 1.9 ).2 4.6 4.6 4.2 

Sel'MZl t;,rpe eleeUGde 6.2 - 4.7 11.7 4.8 .3.7 

SerNa Vpe electrode, 
lmpregD.a'-4 7.9 8.5 4.4 4.8 J.4 

Ooacentrtc plug (12.5) 4.0 4.9 7.8 

Concenvic plug (6o) 2.5 9.3 5.6 ).4 4.2 .3.1 

Oonoen trio plu,; (100) 10.2 9.4 .5.4 2.7 4.0 ).1 

ConOPtric plug, a1:x.ed 
pla•ter (60) 2.4 1.9 4.7 5.) 4.4 

Oace •take een•l\1Te 
cella 0.9 2.5 1.5 1.8 2.2 

p,rcen t 1noreau !J1 
W\W U&dlnc 

Ortdnal block 2.) 4.6 - 24.2 l.S.o 

ScJ'eea Qp8 eleoVocle 0 15.6 lf6.o 16.5 7.8 

Sc?MD Vp. eleotrocle. 
baprepated 4o • .S l.S.o 15.0 9.8 

Cclacelltric pluc (125) 0 10.0 8.) 18.6 a.a 
OoDcentrlo p1uc ( 6o) 74.0 9.0 s.o 6.) 

Ooncentr1o p1uc (100) 108.0 10.0 7.5 5.5 

OoJloentric p1uc. _, xM 
pl.u\er ( 6o) 0 0 10.0 9.4 

Gace •\alee •enei \1 Ye 
cell• 1.9 12.0 8.4 12.8 2.4 



teeW, ueept w1 \1l chance• 1.D the low tene1on r&rlP• !he lllpregnated 

block wu allch\l.T ~~ttre .. 81\iTe v1Vl oba:ftgea 1A mo1eture collteftt 1n 

\he law telld.on race. !belr equillbrt• reacU.np at all \eulone were 

alao hl.«ber. ~8ft1', \he re.W.ta o'b$a1ned troa \he bpl'epated block 

are lla.ae4 on onl7 1 unit. :ror this reu• these dlttereacet ahcNl4 :raU.r 

mt be conaldered conclualft. 

!be concentric pl.uc (60) vaa .ore unitom 1n reatatance readln«• at 

lov tension 1haa '" uae pl-uc vith lower ct..d\7 (100). :Both of thea 

exhild.W. \he h1pat una1t1T1_. at low teD.alon Tal••• eepeclall.T the 

cme wi\h U.. lower denaiQ-. In fac\, Ws was enr.el7 aendt1Te, a 

ehara.eW1'1at1o vbleh vu not 10 etcaUlcant]T exhlld ted at hicher \ena!OD 

'nJ.luee. Die ceo-.uic pluc (125) aa.de tr. •Va!ch' h7drocal. •lx vas 

oharaeterlsed 'tv a h1ch ftl'lab1llt7 •' hlp tendon, althouP "Nl'7 aene1-

t1.,.. at this l'allp. ])ee14ee, it vas ahal'aotel'lsed vi~ \he cre&'-et lac 

of all unite. !he ~oucoa block waa quit. 18ll81 \1 w 1.a \lie h1&h tenelon 

rup aDd eaae to equlllut• pnerall7 taster thaD tiaa acmcentric plup. 

!able 4 1D41catea \he dritt ubi b1 teet 'b7 the .U.ffenBt dnlcee J'UD 

lll \he prearran .. b:rane apparatus. !hia ~~ a period ot 2 .,nthe 

tor the ecl'MD tne blocb, not tmprepa~ and tbe ooaoentric pluce (12.5). 

J'or this period. OAl7 1 deaorpUcm a:rcle wu c.pletect. :ronuaateq, \be 

-'brazle 414 not "brak. :tor \he other 1Dl1te, bowner, a period ot :3 

aon~ aad. lJ clqa vas CO'fVe4 1D *lab ·Uae ._brule bl'Gb Wloe. ~ call

ln'ate the ca&a atab wnal tift cella, 1 t took cml7 1 110D.\h and 12 4qe, 

due to the tact tba\ \he 'lm1\a reaohe4 equ111"br1-. rapt~ aad the .. 'braae 

did not break, J'1cu,re 11 Uo¥a Ule ~t of bee "1Dl1 '• lft•lde \he 

preaSU2'e cell. 

'l'ablee S and 6 repreMnt tbe realat&llce r-.dt:np aDd lac obt.at:aect ll.:r 

callbraUDC the ftl'leua clnioes 1n trictlGD. t.p Oldla. lhder 'both 
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Table 4. DrU\ a:b1b1W bT Uae cUfterent device• Dallbrated la U.. 
pl'eiiUft _ ..... appe.ra\ua 

§i\urate4 Jea~IM l·•••l 
Dnioe Mean Wore At\er ~ 

of call'bn.Un ca11 'bratlcm drUt 

Or1g1na1 \look 1 60o 1.500 l.SO.o 

ScrMn VPe eleo\rode 
162 block ' 14) 1).) 

SorMil t7,pe eleo\rode 
block, lapnpaMd 1 l)O 220 69.0 

Ocmoen\rlo plug (12.5) ' 255 )lJ Z2.1 

Coacentrlo plug (60) 2 )52 487 )8.4 

OoD.Oelltrlc p1tJ« (100) 2 )10 )6o 16.1 

Ccmcen\ric pltJ«. al%84 
pluto' (60) 2 455 5.50 20.8 

• Gap .-.- HJlaltln 
cella 6 511 5.55 

aol•ture leftla, r-''DCI' vue qul\e ai.llllar to those obWH4 trc. o\her 

•thod.a. A• waa eut~peotecl, ~ 1a« waa oonalura\lT reduced ._,n ULe cane 

weft heatea. :Inn thtmcb IDleture an.ent 1n the 'ftpGr phaH prOYobd b7 

tuapera\ure ~ent al&ht han lteen reapona1b1e tor a r.luoed laC• tM 

renl'• were attll UDeaU.tactorr. Vlth \a coDdeuatlOB ot aolatv. on 

the wall• of \he oana, aoie\un equ111brl• could 110\ be e"btaSDecl readtq. 

!bat the relletanoe reecUD« le pr&lta\17 not lli«Jdflcantq chaDce4. lt wae 

ahGWD. b.1 1ihe ecreea VPe eleo\%'0Cie ltl.oab whloh Wft tee'-4 1IIMiar ltot.h 

procecluree • 



rtgure 11. ..&rranc-en\ ot laltora\orT callbJ'a'lcm in the cona\ant 
'-PeraWJ'e roc.. In.d1cated.l 

l. Pre•8U1"e •em'bran8 ex\raa\ton apparatu• prepared 
tor nmn1Dg a moisture deaorp,icm CUI"t'e. 

41 

2. Arral\C81Ull\ ot \be 19C8 stab •e:ndUn cell• tor 
call'braUOD ill \he prea8Ul'8 11811\rane apparatu.. 

J. PHetraJ'e ma'bl'aM appara\ua ue4 to callbl"a\e the 
•creea elecVode blocks aad the acmcctr1c plup 
shmm on the CO'ft2'. 



... 

42 

!!able '· ... 11\ano. redh'C obWDed tor ftl'lou ~leeb oalllara'-4 ill 
trlc\len '-P oane anc1 thelr 1a« a\Wned w reach apparent 
equ111ltr1-

!end Oil BMdtac Lac Blted~»c l.ac 
(atille) (U.a) (clap) (olpp) (4atJ) 

Screen e1MUOde Soren elecVode bleak 
}leok b~Jft«.Dat.cl 

o.) 160 ' 17, 1 
o.4 145 1 160 ' o.s 150 2 19, 5 
1.5 20.5 1 205 2 
:3.1 .220 8 255 6 
6.0 46o 12 410 12 
7.4 655 18 1,000 18 

21.0 15.'1)0 20 11,Zfoo 20 

~oucoe ortdnal ConaenVS.o pl.u« (12.5) 
b1oqk 

o.) 1,210 4 2:35 3 
o.4 1,255 4 26o 4 
o.e l,)lto 6 26o 4 
1.5 940 5 )20 4 
).1 2,080 15 :380 8 
6.0 1.735 14 5?0 12 
7.4 2,025 16 1.510 18 

21.0 26,220 20 !)8,1.4o 19 

- !'able '· Bed.atailee reacl'nc obtahecl tor the conoentrlo e1eo\ro48 plup 1n 
trict1• Wp oane (JaeaW) and \heir lAg attabled to reaah a~ 
par•t equllibrilla 

!'8Bde Bea4iDC lag Reading lag Beadl-e IA« 
(aW} ~Jto il!!'f~) c;;:;he p1;:ag&,) J:•it; •• ;:m~ 
0.1 410 1 315 1 
o.) 410 1 315 1 
o.6 1,010 1 370 2 
1.2 1,020 1 330 1 
2.0 1,8ZS 1 390 1 
2.) l,66o 1 ))0 1 
).6 2,890 2 4)0 2 
5.2 J.]JO 2 440 1 
8.1 .5.940 ) 590 4 

10.2 11,100 5 1,)80 9 
~.o 1001000 ,. 

~.l.SO 1~ 



43 

'fable 7. Beala\azlce readi~ag aad coe:tftclen\ of ft.ri&UOil of \he follow-
tnc d.encee calllmL'-4 wt~ powt~~g plu\a 1D po\a: (1) ortctnal 
'block, (2) acreen \Tpe eleo\roct., (3) screen type eleotrode, 
blprepa\84, aad ( 4) ooncen\rtc plU« 

Reaiatance rea41DC (olin) Coe:tticia\ of ftrtaUon (~) 
2orrecW \o 60° l 1 J aJ\e 2 Jml\• 

!eneloa Dnicee Dnicee 
(at..) 1 2 J 4 1 2 ) 4 

.1 220 2.6 

.3 1,200 220 235 )10 14.5• 18.5• 10.2 13.)•• 

.5 1,510 280 29.5• 10.6 

.6 :390 365 8.3 33.5 

.a 335 10.0 
1.0 1,610 470 25.1 32.0* 
1.2 340 415 1o.o 9.3** 
1.8 1,650 885 380 .soo 31.7 39.8 9.0 4.9•• 
2.75 1,850 1,5.30 2.5.2• 38.2 
3.5 4?0 620 4.7 2.0 
4 • .5 710 6.1 
6.5 4,41.5 60.0't 
7.0 700 945 36.o 12.0 
a.o 7.030 51.3 

10.0 3,7.)0 1,410 1,700 15.1 66.9 30.6 
11.0 8,175 46.8 
12.0 8,410 18.) 
13.0 18,620 45.6 
18.0 2,175 84.5 
21.0 29,0)0 6,690 166,000 33.7 109.0 .S.S.6 
27.0 18,600 )8,o60 39.2 24.1* 
35.0 41,100 4o.6 

*Oaleul&\84 troa 6 1D1i , •• 
••OalculaW. froa 4 1Dli \e. 

ftrtaUon of \1M 4 different kiDde of 'b10Cib cal1'brate4 b7 ~ th.- in 

pota men ac\1TelT \ran.ptrllag plant• of corn were grova. Xone of the 

B--11 plaster concen\ric pluge vere caltbra\ecl b7 thta •thod 'because \he 

fev aT&ila\le wre used tor oal.tbraUcm 1n the preeaure membrane apparatus. 

still 71eld.e4 a c&l.1bratlon eurTe appa.ren\17 Ter'7 s1m1la.r to the oorreepcmd-

1ng cune :tor thle VP• at 'block obtained vl\h ~. pressure ._'Mane call-
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~ble a. Rela'\ln preeidaa obaerncl by the ftriou aea8U!"1D« cle'rleea 
UDder different calibraUon \ec:1m1quea 

Decree• Ooeftlel•t Coefficleat 
Oal.lbraU• \eolmiquea 0~ of of 

freecta. TartaH• 4e\eDdaa!i• 
(J) (;2) 

OJ'lchal ltleck 
Preanre -'ftaa• 4 a.o .899 
Growbc pl.aJl\a 8 6.2 .8)8 
J'rlctioa tep e&ll 6 10.2 .535 

ScrMB elec-'\rocle block 
Preaaure -1mma 4 6.3 .965 
GrowiJa« plaa'• 8 3.1 .9?8 
J'ric'\ion W}) ean 6 16.6 .656 
:rlelcl calibr&Uoa 11 6.5 .94:3 

Screea elenrecle, lllprepa Md 
Preanre -lrrane 4 . ).6 .998 
Grovl~~g plrm ,. 8 ?.5 .821 
J'rict1GD \ep cane 6 12.5 .682 

Concentric plvp (125) 
.48). Preaeure .. braJUt 4 ]J.S 

Qrow1Dg plaata 8 20.2 .526 
J'rl c tiOD top cau 6 47.5 .:m 
ftelcl call'braUn 8 1).1 .862 

Concentric pl,.,; (60)• 4 ).2 .915 

Concentric pl'QC (100 )* 4 2.8 .982 

OoD.ca\rlc plug, Jdxecl 
plae\er (60)• 4 9.67 .856 

Gage a.U:. aenal\lw oella• 4 9.50 .951 

•CallbraW. b lJae preenn -'brane apparatua. 

!Jable 8 preeea\a the ooefflcleta of ftl'la'l• aDd deteabatt• (z2) 

of '\hi cllfferea' UD.1\a callltra'\ed. UDder di!fel"ell\ proceclurea. !be ftl'ia\1011 

be\Yeea \he bclt'fid'Dal ua1 '\a of the eaM Q'pe of 'bleak cali'Hatecl -. each 

aethecl (!&\lea 2, 7, aa4 12) ia D.O\ refiecW. b ada \able. the ooeft1o1en'\ 
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I~ 1• appanm~ tha~ \he screen electrode block vaa, in pJ~aral, the 

aos~ precise in aeasurtng aoil 11o1a~ure 1mder ftl'ied hobalquea. !he eoJtr

centric plU« (125). on the o~her haDd, exhibl \ed \he crea~M\ 'ftriablllV 

o! all unite. !l.!le concentric pluge (6o) and (100) see ~o be pr..tdnc. 

!beee tei\a alao 1n4.1eate the hl«be•t aeael \i'rl tT 1n ~e low \eneton range 

when eal1brated 1n the preasure ••'brane appara\u, a• lacl1oa~ed 1n 

!able J. 

In \he labora\orJ', eal1bra~1o:as 1n \he preeiiUI'e -bra.:ae apparaha 

.... to «iTe \he hlPe•~ precision. Calibration vi'h ~ plan\a 1n 

pot a eoapared faTorabl;r w1 \b the preseure ••brua for aome ot the 't1Di \a. 

IJhe !ria\ion top-can \echB1que vae an UD.a&Uaf"ao\or;r one for all un1\a. 

!he eoneen\rie plu,g, aixed plaster (6o), characterised b;r lev ae:ae1-

ti'rlq, seame to be the moat ltbl;r \o vi\hetand veat.her1DC of all the 

-cm.1 ta, aa 1nct1aatecl v their u\enlal appearance after oalibra\ecl la \he 

pressure Mmbrane appa.ratu.. !b.e ecreen elee\rolle block• &Jld aonoentric 

plug (60) alao presented 'ftJ'T nice weaU..ri.Dg cbaraeterieUca. !he coJtr

eentne plU« (100) appeared •11.gh\l;r deteriora\ecL ll:ader field aoD41tione 

for lcmg period• thla Jd.&ht 'be a1p1!1osn\l~ increaHCl. The concentric 

plllg (125) is apparc\q the aoat affected. b7 veatMriJI«. lJM gap stake 

aenelUTe cella dtd not prennt azq veat.her!Dc effect. !h8;r an aade ot 

the 18.118 a1x as the ccmaentria pl1J«, ld.xecl pla•ter (6o). 

!fable 9 lndioatea the relaUn aoalis\eq exb11rl.te4 liT U.. drneee 

calibrated 1Dlder d1tterent •\hoda aa ref~oted 'b7 \he hcaogeeous aature 

of their ftriaan. !heae Yariatloa• refer to the squared dniaUcms fl'Oil 

regrealion. All ual\1 exhibited a 1101'8 or leaa ~ 'ftrl.u.oe. 

though \be ael'MD t71Mt electrode 'blocb, ao\ t.pncaated, • ._ to be aore 

hoaopuoue 1n t.b.ie reapec\. ~~ charae\er1at1e aeen to be YtJr7 IRICh 

related. to ~ preciae J"ead1ng ot a block. 
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!able 9. BelaU Te ooula\enq (hoJDOpD.e1 \7 of ft.rl.ance) of ~ meanriJJ« 
dnicea callbraW. lrT d11'teren\ \ealmiquee 

l 'fal:ae 
Da&Tee• (Ba.r~let\' • 

·r.l.1llrat10Jl technique Tarlance of ~lt,y At 5~ 
f:re•l!! W.t) lml. 

~ucos ori,ginal block ).16 5.99 

Prea~n~r• ~b1'Blle 0.78)0 s 
GJ'ow1.D« plaa\a em pG\e 0.2692 9 
Yria\ion top Galle 0.2109 7 

Screen \l'pe electrode 
block 0.75 ?.81 

Pressure mnbraae 0.9155 5 
Growing plaD\e on pots 0.4683 7 
J'r1 atlcm 'top oane 0.6954 9 
J'leld oall'bra tten 0.5865 12 

Sore• V:pe eleeUode 
bloclc, taprepa\ecl ).qa 5.99 

Preanre -braD• 0.9071 5 
Grovbg plal\\a Gn pots O.J9.57 7 
:frio\icm Mp eaae 0.2197 9 

Ooncen\ric pllaC (12.5) 2.21 7.81 
PI' ...... _ .... 1.6))8 .5 
GroviDg plan\s on pots 2.54.51 1 
lriation top cane o.6B4o 9 
field eal1bra\1on 1.21,50 9 

!be ehaz:tp 1n reriatanee -reedtnc vlth change ln tendon ae exhlbited 

'b7 \a. eap •tab MaaiUYe cells (41'abls 2) resulted in a liuar rela\1-.. 

that .._ rel\llb ahnld l)e aere ~ inTeattcat.«. A •trdch' l1JJ8 re

laUonmlp betwea reaia\e.nco in abae aDd tenalcm 1a prolaa'blT l4eal.. Bow

e-nr, the clertcn VCN1.4 1l0Cea•1ta\e an a:tremelT h1&h degree of UD!.tol'ai'.T 

aDd pneiaien. 



~ field expe!'1Jaent consisted prillar113' of a~ inatl'UIMZl\ 

resul ta and eTaluatiDg these on the baala of the response of the m1 ta 

under a d1ffeftntial Irrigation experiaent b a field o~ tnreet eom. 

IrrtgaUona were applied when predetendned moisture \endona wre 

reached in \he root sone at corn as shown by' the elawre JDe8.8'tll"1ng 

deTicee. 

neld data have been analyzed ln search of more 1nto1WI.Uon re

latinc irrigation freqaeno;r and reaul\ant soil aoleture atatu to pre

vailing aoll .terUli\7 conditione and 7ield.. 

pesor1pt1og of ~ 

'lhe experiaen\al area coTerecl approrlmatelT 1 acre ad is locate4 

01l ~· EY&.na experbten~ far11 of t.he tnah A&rloultural ~t ftatlon 

nN.r Logan, Utah. IJhe surface soil haa beelt olaas1f1ed aa Salt Lake dlt 

loa.. It 18 underlain 'br' a heaTier clq er elq lo81l at a depth frca 12 

to 18 1ncbaa. Below 2 feet 1 t abruptl.T chall«ea \o a ltcllt gnqillh. aal-

0aJ'80\18 clq. pla.s\te 11ben ,., aD4 granul.ar men clrT. !bia lqer £Ofl 

down to aore than Ji teet, and !a characterized 1v' a dietinct redcU.ah 

and rust brown ~nottli!lg vbieh indicates t.perfec\ d.rai.Da&e. JfO bad1.cattoa 

of the water ta"ble have been o'bsenecl. 

!he area we.s left fallow last 7ear, after llelD& cropped vlUl g:raha 

the prerl.ous 788.1". 

~lllental~ 

A split plot type of experimental design vaa uaed (!able 10) vl\h 

the main e'fteote ot moisture oonfotmd.ed. It oonalded of J blocka, euh 
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~\le 10. ~-' of \he fle14 eacperlMD\ wl\h aola\Ure ltlocb ancJ. 
ferUUnr p1o\e ru4a.lse4 in a 8})11\ plel de.tp 

~UeaU.a 
1 2 ~ ~ 

YerU- lJleeb 
Usu 1 2 ' 1 2 ' 1 2 ' 1 2 ' • p Metanre ln8l 

Dl7 *'-!I' DrY lle4a !!\ Dr7 Me4.. !!i DrY ..... -~ 
Plo\ n•ber Plo\ naber P1e\ nua* no\ Jl\aber 

0 0 2 ' 2 2 6 4 ) 1 2 6 1 2 
1 0 ' 1 ) 5 ) 5 4 6 ) ' 2 .. 
2 0 5 5 5 6 4 1 6 4 6 2 5 ' 0 1 4 2 1 4 5 2 1 ' 5 ' 4 5 
1 1 6 4 6 ) 1 ' 5 ) 1 1 ) 6 
2 1 1 6 ... 1 2 6 2 2 4 .. 6 1 

\o noelw a 41t.feJ"UU.al lr~Ucm. S1x tent1lser ooab1Jaa\1ou n'b-

41'ff.Ul eaoh bleck h\o 6 ~ual plo\a, aDd \h8 ldlole e:cperille\ rep11oa\ed 

4 U..•• eaeh repl1ea\101l \hu a..,rtalac 18 treabenu. Pl.o\8 wen rewJ.,... 

isecl w1\htll bloob u4 the .. nD4c.s.se4 w1 \h1Jl-* npllaaUcm. !be 11l41-

'Yiclual plo'• wft 15 tee\ wide (.5 ron) azad 10 t .. , laac. 

Mil\. SeTa 'bol"Cler ron wre ~ft Mlweea eaah ,.look v1\hln e&Gh repll

oa\ion vi\h 10 axba ron on eaob Btu ef \he a:per18elll. !'wnV fee\ of 

'boNer ,... W\ a\ be~ elclH 'bebeea each npl1oa\10Jl. 

!be 6 tenlllser oaab1na\1ou ue4 1Do1114e ) lewle of at\zooca and 

2 of PzOs· ._1,. nl}lblte vu ue4 u \M Dl\nc- ao111'08 a\ raw• ot 

0, 80, aa4 160 poaDcla of •· per acre. PhMpbonu waa appUec1 aa V.b1e 

aaperjM~te 1n .- prwporU• et 0 an4 4o pcnmcla ot Jt2o5 pc- aon. !M 

aft!la\le phHphorna ill the Mll aa deteltdne41 lrT ._ M4la 'blcar\ona\e 

Mtilocl wu aroaa4 21 pcNild..e })8r acre. I\ vaa aeBUied \hal l1ae &"fall&b1e 

ao11 potuh vaa ad.equate tor op'iiMI grow\h. :renillsv wu 'Woadoaa\ed 

1. Co'IIHeq of J. P. !bonle. Soil Colleen..U• Semee IAbora\orT. 
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aadlDCOrporaW ·tnto the eo11 by harrowbc. It waa appUecl \be .... dq 

prnious to planUJag. OGrn waa plaDW. w1~ a 2-rw plan\el' • JCq Zl. 

!he planter waa set \o place the aeed.a a'bou~ 8 inches apart 1n the 1"0W1I 

and J6 lnabea 'bebee:D rowe. J. a'-zld of abft~ 17,.4<>0 plaa~a per acre was 

ob\abed. Soil vae n\ enolJCh fol' \he aeedlt.ng to ~en~ w1 tihout azrr 

add1UOB&l irripUcm unUl the differenUal irr1p.t1ona were applied. 

!he •iewre d.eaorpU.on cmrn (ft~ 2) ob'-lnecl p1"8'rl.oua~ 1D the 

labonto17 tor the aoil of th1e fal'll in41•te4 \ha~ at 1/J a\Maphere 

this eoil con~ecl 42.6 percat .nature 'b7 voluae. It caD be obtaerncl 

that frc. Te'q cloae to the .JJ aaoaphere ])Otllt 1n the eun'et ~8 elope 

of the tupnt to the cune cbaDae• l'll.plctq, lDdJ.caUDC .-t f~ thle 

point a4d1 \1 cmal iaCJ'eaab« Reticm ia reqaire4 per UD.1 t 811CR11lt ef .tatun 

reao-..4. 'lor the field ~t. W.a tendeD was aa81:11184 \o nprea•t 

the field oapao1t7 of the aoil, a1 thmiP thle 'f'&N aight TaJ7 1mdel' field 

condi t1one. 

IJhe wll tiDg po1Dt fit \he aoll waa 4etera1Jlecl lltr \he me\h.od. of Tef.b.. 

-rer aD4 Hendricbon (32). uiDC 1D41aat.r plants. It vas 21.6 percent 

liT TOlu.ea tlme the aft.llable ll01at111"8 vu 21.0 peroa.t 'tv ..,1,... 

!he averace bulk a.na1v,.. 1.4 &a• per cubic c-.tbleter at 6 

inahea 48pth. !he maaber of -.plea o\th2ae4 tor t.hle detem1Dation -.. 

Uld W 'bT tille. A'bou.\ 14 aaaplea troll 41tferea\ looaUona tabD 011 

d.i.ttenmt dqa W1'e annpl t.r this ct.pt.h. J'er the 12. 18-~. aad Jo-J6 

inch ct.ptha. ~ ftl•• td l • .S. l.S.S, aD4 l • .S gas./ oc vere o~. 

all of \bu tro. a u.ltecl nualter of llallplea. ot U. -.plea ob\alD.eCl 

later tor JBOlatu.re ct.teDd.naU.ou, .-. of '11• wn cbecdted tor l7alk 

dud. v rmd t.bq agreecl falrl7 well w1 th the &bern flpre11. 

ser .. VJ>e el.eotrou blocsb CGD~tVuneci lB \he la'laoratoz'T wr. bar1e4 

betwea plot• a tM Jd.Ua at 6, 12, 18. 24, )0, J6. &114 42 iaehn cleep, 



so 
2 .. ,. oa each ..,ia\ue block. 'lhe hip and low terUli \7 plota 1D eaah 

block wre aeleeted tor their locaUon, although it vaa later to1111d ~\ 

••• aets had not been placed uac\1.7 in theae looaUona. All bloclta, 

before lMlD« iD.atalled, were sUbJected w 4 wUmc and dl71ag cvolea tor 

curiDc• and were aelected to check v11ih1B .SO ehaa tor tho .. \o be 'bvlecl 

at \he 118M qpt.ha. 

OD the wt blocks and loca~ 1n the h1&h terUli Q' plo'•, al110 1D 

\he h1118 beweeD. plants, tenliaeters wre 1Dat.&lle4 at 6, 12, and 18 

1nchea 4eptha, 1 set per block. 'rhia expert..ent was set to rel7 JBOatq e 

\118 acre. elec\z'ocle block read1ac and to uae \enai .. tere to eheok on 

block rea41.D«a. n vaa realised that blecb do :aot cc.pe\8 1D. aenaithi\7 

w1 ~ \eneioaetere v1 ~ the l1ld. is of eo11 moiahre ra:ace 1a vhich the 

\enda.eien perfora, but it waa d1tfioult to obtain eovch tenda.etera 

to 'be pl.aoM ia all the replicaU.aaa at the clifferent d8pt.ha. Beaidee, 

aa will \e deacrillled 'below, \he vet plota vere to be lrrlpW. lthea t.he1r 

•htare teaaie reaobed 0,8 at.oepherea in ULe root SODe. !his teaion 

is 1n \he 'bo-rderlJ.De, if not outside of the ranp of soil 110ia\ure 1n 

Which '-nal-.tera are rellable. 

OD the dr7 plota, 2 aeta of ccmcetrlo plup (125) were lluried at 

the 88118 d8ptha as t.be •ere• eleo\roc!At blocka, and located oloae to thaae 

1n the hUla. !be reeA'np ob\a1Da4 frGII thne 'Uilik were &lao laWed 

w check em \ba aena electrode block read.lqa. '!heae plup were cc.

•roial ua1 ts eured at iiba facto17. !heir sahra.'-1 rea41Bg vaa aleo 

cheeked to teleet \!Ia for inetallaUcm in the 88118 llaJm8J' as the aoreen 

electrGCla "blecb. lDt wl\h the llJiiW. uua'ber aY&Uable, Olll7 Uto.e 'burled 

at the fint 4 dep\ha cbecked with 75 ollu, the othera being lela lJil.lfom. 

Gap ataba w1th HllsitiTO cella like thoM callbra\ecl in the la'bora.

'-'7 were lturlect, 1 1D each block 1D the ldlla, oloee to the other cbrrtoea. 



!he un1 ts are locaMd 1n theae stakes eo as to detem1ne the moisture 

tena1oa at the 6, 12, 18, and 24 inches depths. ~ matrix 11ater1al of 

\be cella ws aade ot lq'drocal lib the concentric pluge (125). !bey 

are also ~erc1al derl.cea. !hey were baried d.17. 

!be J 1rril;at1on treatments were &a follows: 
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1. Yet plot a: In-1&aW to field capaci tT when the acreen electrode 

blocks and tensi-.tere, wbtcbnwtr was !irat, indicated that \be tendon 

in the ac\ln roo\ sone vas at or aro'UDd .8 atmospheres. !!de tension 

indicated that l/4 ef the a'ftilable mo1at'are had been r.crred troa the 

actin root sone. 

2. Jled1:ua vet plots: Irrigated to field capaci\7 vhen '\he screen 

elec\rode blecbl tnd1ca\ecl that the tenatcm in the acUTe root sone was 

at or arOUDd. 2.2 atao~es. !his \enaion 1Ddicated that 1/2 o! the 

J. Dr7 plo"s: lrrf&a'-4 to t1eld capaciQ' ¥hen tile blocka 1D41-

caW \bat tbl tension 1D the actin root SODe was at or around 8.2 

aU.oapheres. tie teaalon 1!1d1caMd that 3/4 of the aTailable moisture 

:Purro¥ irrl.pUon appllcaU.cm vas selected tor this experlllent. 

!be tn1pp]T di\ch wae located em the ve•t end of the field w1 th ~ head

p\8 at the DO!"Ulwes\ comer. !be electrical conduct1T1\7 of tM irri

gation water wu reported to 'M 380 alcrolun (B. e. z 10
6), and 11 claaat-

wen opened for nerr COnL row 1D order to wet ~ root zone read117' aDd 

unlfo!lllT. RD."bber pipes were a.plqyed as nev control on each turrov. 

'.ftle7 wre ln'ele4 1B the eo1l in «roups of 10 (1/2 'block) to pendt tm1-

fo'l'll dlstrtllutle of water. 7ee41Dc ditehea wen conwried into equal

tsbg )qs w:l th \be location of tum-outs at the end ot eaoh block. 
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r.nna vu plaoed. b&lf ~ to lJTipte the fin\ halt ot ~ let\ aide of 

the block. !be vhole bleak waa '" 1-« \o -.l:aWn an ecraaUdDc ~ 

all tbr<JUAh and a\111 cl1a\rlba.te water tml!Ol'lll.T. J:n1'7 :repllca\e vu 

proT1ded with 2 ParRhall nw.ea (throat wid\h c: 2 1/8•) \o aeaaure the 1n

nov and outflow a\ \be head and dra1nap d1\cbea, :reepec\lft17. 'lfaMr 

flowed 1n 2 d1:recticms, nor\hward and waa\ward. ::Bo\h alopu wre pn.\le, 

eepecial]T the fo:naer, tJma faYOTa\le for eftlll diatrlbuUOil. 

!he field vaa cul.UTa'-4 .taen \be plo\a 1Alre Uov.\ 6 1Dcbea \all. 

:rro. then on, weeda 1f'IR'8 r.CIIftd lv hand aa tbq appeand.. 

Moisture con\J'ol !!!4 lrricaUop 

Resistance rea41Jt«s ot 'locka azul plup nre talr:n vi \h \he ~oucos 

br1dce used ill the labora\OJ'T. Oenera1]7 the we\ and 11841,. we\ blecka 

readings were '-DI1 flft'q other 4a7 and \be d:q oua fl'nl%7 4 dqa. Jieadinp 

were corrected to a unltOI'Il '-rpera\ure of 60 degrees •· ua1n« !'a'ble 8 of 

Gage a\ake rea4tnp wn \aka vi~ \he Irrlpp M\er, 1 1ddch waa 

eapac1al]7 adapted tor stab rea•Unce . Bovenr, s0111eU .. s read.1Dp wan 

also Jlade vitil ~ ~os br1cJ&e which vaa &lV&Ta aT&ilable. !he Irrl

«a«e meter occadcmally P"f'8 erratic rea4.1Dce vblch reaul.ted 1n unrellable 

data. !he unit of 118UUl'eMZlt ot \hie ae\er la the ~. • !hla 

correapond.a 'ft'q cloae}7 to h "'llcroaapel'e • un1 \. hr UD1fo1'111 v • all 

read1J:a«a in t.hia s~ are expreaae4 1D ohu. BOWTer, n,;ure 12 le ill

eluded to tac111 \ate \he cODTenion of olas to ~·, or Tice Tara&. 

It vaa prepared troa rea41Dp ..a. 1n Uae field wt t.h both •ten a\ the 

aaae tiM. Irr1~ read1.Dga were later cbeebd wlth an ~\el' \o llab 

aure Irrigage aD4 llouTcmoos brlcl&e agrMd 1n tile tteltl. 

OaltbraUon carTeS for the ecreen QP8 eleetrocle block and \he 

1. Ma.nutacturecl 'b7 ~ Corporation, Ponlalld, Orepa. 
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concentric pl1J«8 were plotMcl froa the ca.b1ned clata obtained vtth '\he 

pressure ._brane appara\ue aDd field aamplbc done to nalua.\e aole\ure 

detend.Datlone. !'be curre obt&lned trc. the concentric plup (125) waa 

used also \o calibrate the ga«e states reed'D«S· !bare vas no tiM to 

caUbrate "- a.a \hese UD.1\a were rece1ftd too late. lrowner, their 

satuft'-4 readiDge and \hose obtained after an 1rr1p.Uoa were sbd.lar to 

\he plug reatliDga. Bea41nga were made at the 881ll8 hour earl7 in \he 

moml.Dgtl to reduce to a m1n1Jmm the \apera\ure effects oa \ens1caeter 

reruHnga. 

!he reeie\ance rea41Dga of all bl~ and pluga, af\er corrected 

for tempera\ure, were conTer\84 to tension ruuea 1n atmo~rea and re

corded ln I. ~. M. punch cards. 

!be dltferenUal 1rriptione were applied fl"OIII J"cme Z'l to .August 2), 

about a week \efore harnstb«. Vet blocks were lrr!t;a\ed 9 tt.ea, \he 

med11:11l we\ 4 Umes, and \be 417 blocks ) Uaea. 

A ro~ eaUaa\e of the water requirements pre"t1.oua to eaoh trrtpUaa 

wae general.17 llade. It was 'be.sed. on \he tendon ahovD by the cle'rleea to 

\he dep\h to which their reacJSn«a were cbazl«bg. It vas planned to 1rr1-

g:a\e vben the integrated teaaicm ealcu.la\ed Gil the I. B. X. -.ch1nea 1nd1-

catM \hat moisture was beln« depleted to the 11111 \a aeelped. to the ) 

different moiature leYela. Bovever, theae data were JUt'ftr oc.pu\ed before 

e.rq ot \he lrri«aUODa were applied. 

'-'able 11 1Ddtoatea the illches of wat-er applied to nerr halt bleak. 

Oenerall7 tm aYara«e head of 4 inches waa maintained 1n '\be Panhall 

fl,..a. mnrn.r, ~ stream was a0118t1aea recluced or lncreaaed for 8CB8 

reaaOD, some blocJta bein« aore affected. than o\hera. !ht.e vaa general]T 

a cauae of UD:equal dietrtba.Uon of water to blocks reoe1Ting the eaae 

irr1«aUm V.taent. 
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Table 11. IJlchee of lrrlca\lon wa\er applied \o each halt block and 
aaoun\ ot ra.Wall rece1Ted durlnc \be experlllen\ 

IN' B!pUpUoD.• 

,., lllocb 

2 4 

1?8* 1.oo 1.oo 1.00 1.00 t.oo 1.00 1.00 1.00 
180•• 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
18)• 1.00 1.00 1.00 1.00 1.00 1.00 1.oo 1.00 
1.89 1.)4 1.7.) 2 • .54 2.51 J.O) 2.8) 2.95 2.8S 
196 1.69 1.45 1.8) 1.67 2.6) 2.35 1.39 2.20 
200 2.79 3.o4 3.4) 3.13 ).47 4.0) 1.71 2.64 
206 2.61 3.20 2.25 2.83 3.07 2.76 2.'79 ).18 
210 2.'1) 3.19 2.)2 2.45 2.47 2.90 1.41 1.42 
217 ).76 ).28 2.01 2.)2 6.JJ 5.87 ).56 J.7S 
224*• o.6J o.63 o.6J o.6J o.6J o.6J o.6J o.63 
228•• o.4o o.""' o.lJO o.4o o.4o o.4o o.4o o.4o 
229 8.)5 4.71 5.95 6.55 7.59 7.94 6.os 7.2) 
2.37** o.n o.JJ O.JJ o.JJ o.JJ o.n o.JJ o.JJ 

~tal 28.63 2.5.96 2.5.69 26.82 )).95 )4.04 2.5.26 28.6) 

x.cuum ,., l!lock! 

180•• 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
18)• 1.00 1.00 1.00 1.00 1.00 1.oo 1.00 1.00 
196 J.)1 ).66 5.99 5.4) 4.09 6.45 4.)3 4.JJ 
2o6•• 4.16 ).71 s.o6 4.12 4.84 5.82 ).47 ).17 
222 5.97 6.71 8.11 7.99 7.09 4.79 4.62 6.08 
224*• o.6J o.6J o.6J o.6J o.6J o.6J o.6J 0.6) 
228•• o.4o o.4o o.4o 0.40 0.40 0.40 o.40 o.ZK> 
237•• 0.33 o.JJ o.3J O.JJ o.J3 O.J) O.JJ o • .n 

'fo..U 17.80 18.44 21 • .52 21.90 20.38 21.42 16.78 17.94 

pz Blew 

180•• 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
189 3.72 J.J9 .5.91 4.67 5.59 5.69 ).84 4.06 
206 5.12 .s.oJ .5.3.3 4.31 6.3.5 7.26 J.17 .3.89 
224 o.6J o.63 o.6J o.63 o.6J o.6J o.63 o.63 
228 o.40 o.4o o.40 o.40 o.40 o.4o o.4o o.40 
235 10.27 10.49 11.44 11.07 12.51 12.12 9.08 10.00 
237 o.:n o.JJ o.JJ 0.33 o.JJ o.JJ o.JJ o.JJ 

Totc'"l.l 23 .07 22.27 2.5.44 23.41 27.81 28.43 19.45 21.)1 

*A-yplie~tion was not mealnll"ed. 
*'*F.ainfa.ll. 
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Correction for submergence never seemed neeeaaarr in the flumes. In

flow and crutfiow ve:re measured generally about everr 10 to 15 minutes. 

Inflow vas timed troa the aoment the water entered the pipes and the out

flov frca the time va\er reached the fl'UIIe in the drainage di teh. 

In order to naluate instrument results, moisture determinations 

ware made on aoil samples \aken fraa the different plots. !hese were 

taken aa close ae possible to the 'tm1 ts, 'bu.t avoiding 8.1J1' dietur'bance of 

thea. At the beg1nn1Dc. aasplea were taken at the 6 and 12 inches depth, 

where \be active root zone was concentrated. Tovard the end of the season, 

Ballplea were taken to «rea\er deptiul, as deep as J6 1nchea. !he ntml'ber 

of aam:ples taken to lower depths waa nrr limited; eTen those taken at 6 

and 12 inches deep were 1nauffic1ent considering tbat there were 284 

w1i ta for measuring soil moisture at all depths. :But because of 11mi tat1on 

of t1ae, 320 aamplea were taken, some of which were unreliable for atw~e 

reaaon. 

Corn vas harvested from August Jl to Septeaber J, when 1 t waa judged 

ready for ~~ aa 1nd1eated b,- the thumb nail teat. J'ollowing the 

ear harreat, stcrrer waa cut. Data on aar and staTer T!eld were taken. 
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RESUL!'S OJ' J'IKLD nPDDlDI'r 

TarlabU1\7 !! dl'dcea 

Y1 \h U.. «raTiltetri.c de\era1naUOila obtained f'I'OII the 6 aDd 12 inebee 

d.epthe, eallbratiOil ourne (J'1f:UJ'8• 13 and 14) for the act'HJl tn>e elec\rode 

bloclta and the conc.ntrtc plugs (125) were plotted. !he acatterl:ac f¥1 

points is indicated to «!Te an idea of the ~ablllQ" vhich cidstect under 

field condl Uaa. A ca.parleon of this oalibra\ion technique ha8 been 

presented under the laborato17 reaulta (!ables 8 and 9). 

!able 12 1Ddicatee the mean ree1etance rea41Dp aDd the ~ticient 

ot Tarlab1liV' ob\ained for the blocks and plup cal1bra\ed 1n the field. 

at 214 moisture de\eralnationa made to eTBluate \he screen electrode blocka 

results in the :tint foot, 182 or 85 percent were ueecl for calibration. 

!he other• were too IIUCh erratic to be conddered. Probabl7, tbeae Wlits 

were not wt'-4 with the laa\ irr1gat10D prerloua \o ~~a~~pl1D« because ot 
' . 

unnen application of water. 'l'heir reacliDge were exceecl1ng~ high. Still, 

Te1'7 high coef:tic1ent of Tarlab111v occurred, eapec1al17 at meclia hip 

tenaion 't'al.uee. l!GveTer, in the low tension range, their coefficient of 

Tarlabili~ vae ratiher low. !here Heme to be ao lo«ioal explanaUOil for 

near the vtlUac pobt of the soil. 

OU.t of 75 JI01eture detei'JibaUcma a4e to nal:aa\8 the concentric 

plu,; reruta 1a \he fire\ foot, 59 or 79 perC*lt were un4 tor calibration. 

A ·aeparate calibration ourYe vu plotted vtth the clata obb!Ded fro• 

the acreen blocb in the 18 ancl 24 1nahea de:P'ha to repreaen\ \be aecond 

foot in \he root scme. !hie cune vaa -.de for the purpoae ot cowpariaon 

wi\h the •• ob\atned :troa the tt.nt toot. J1pre 15 repreHJlh bo~ 
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'fable 12. Mean reab~ce read.!D« and coefficient of 'ftl"iaticm of \he 
pluca aDd block• buried at the 6 and 12 incbea d.ep\ha in the 
field 

~rna iYM block Ooncentrlsc ;el; ~l2S5 
Moiature 'lena ion Mean Ooeft. of Mean Ooett. ot 

f, (ataoepberee) reac'tn« 'ftriaUcm reacJin« 'ft11.aUon 
{v vo11 l ~oha•l ~ ~olaal ~ 

47.2 0.2 145 18.6 240 8.:3 
4).4 0.:3 1.35 16.2 24o 13.:3 
40.7 o.4 150 12.7 265 11.6 
)8.5 o.5 160 :32.5 255 11.9 
)6.7 o.8 240 64.2 )00 1.8.? 
.34.8 1.2 34.5 120.0 
33.4 1.7 640 119.6 
)1.7 2 • .5 1,085 141.0 
)0.4 :3.6 2,:3?0 99.9 1,21.5 ?0.7 
28.8 5.1 2,.SJ.5 99.4 10,465 116.3 
27.4 ?.1 6,900 76.0 6.~ 51.5 
26.0 9.4 11,620 87.8 104,690 82.6 
24.6 12.2 17.100 48.8 
24.2 12.9 122,37'0 123.0 

Ea\abllah!D« confidence lill1t1 for \be a"Nrace reaiatance Talues 1n the 

1-foot cWp\h calibration CtU"Te, U. vaa fOUild that \he Dle&D T&luee of the 

1econd. foot cum, at 95 percent confidence lntenal, fall within the 

confidence llaite of the for.r cum except at tenelcm "falua a'bon 10 

a taoephere•. 

Inatrwaent renlte below the second foot were onq analTzed for eo

efficient of ~1u1llt,y at the ..._ depth~ (lfaUe 1:3). ])elow the first 

foot dqth for about tile tint 6 weka, when root• were 1Ull lhallow, 

readtnce were oonliltent}T around 100 tor the 8CI'MJl electrode blockl and 

aroUDd 200 for the plUCtJ. !bat ia, both ln1tr.ent1 were «f.Tlng readinp 

allghtq below field oapa.c1\7. llot ha"fiD« the ft})-aoll a1 good dralna«e 

cba.rac'erl.•tioe as the top foot, 1t 1eea1 to be Jultified for the intrur

aenta ~ 1Ddlcate \enl1on• 1-..hat below field capac! \7 until the roots 



Table 13. !he precision of soil moisture meaaureDente with the screen 
t.Jpe electrode block and the concentric pluc caapared to the 
grarllletrlc method ae obtained trOll 2 locations per block 
with 1188.BUr811lenta -.de on different dq11 

Coefficient of Tariabilit,T 
Moisture {P!reentl 

62 

~ !luaber of GraTimetric Screen electrode 
meaaurementa me \hod block 

Vet 
Depth 

(inches) 
6 Mean of 10 ).6 17.5 

12 • • 12 6.5 11.0 
18 " n 8 5.9 7.1 
24 • • 5 12.9 .J3.5 
30 " • 2 4.1 4 • .J 
36 • • 2 .J.7 7.6 

Med1 vet 
D8pth 

(inches) 
6 Mean of 16 7.5 51.4 

12 1 .J.2 67.0 
18 Mean of 2 5 • .J 55.8 

~ 
Depth 

(inches) 
6 Mean of l2 s.o 41.6 

12 • " 6 7.8 52.9 
18 • • 5 .5.3 66.5 

Concentric plug 
(125) 

Vet 
Depth 

(inches) 
6 Mean of 4 2.7 .5.4 

12 • " 9 7.0 8.8 
16 • " 6 4.9 )1.5 
24 • " s 12.9 18.2 
30 • • 2 4.1 7.5 
)6 " • 2 .J.6 6.4 

s\ar\ed deeper penetration. 

!'o deteraine whether there ehoul.d be s1gn1t1eant differences 1n r.

slstance readings vi \11 depth, because of changing soil textures and 



structure, molsture desorption curTee were also obtained in the labora

tory for the aecond, ~rd, and fourth foot depths (Figure 16). It 1e 

apparent that the moisture desorption curTes representing the first and 

second foot are the most dissimilar. Yet as indicated in Figure 15, 

their corresponding calibration curves are apparentl7 similar. 

6J 

Table 13 presents the coefficient of ~ation o! block and plug 

resistance readin«a obtained !rom corresponding g:raTimetric determinations. 

In the vet range of soil aoieture, 1 t is apparent that greater precision 

was obtained br the graT1metr1c than by the instrumental method of soil 

moisture deter.minatton. On \he basis of Tariabilit.y of soil moisture 

in the soil as 1.nd.lcated 'b7 the grarlmetric method, it seems that blocks 

and plU«B were rela\i"Yel7 accurate in the low tendon range. !he co

efficient of ~iation obtained vith the li~ted number of moisture de

terminaUou froa pl'Q&s at the medium vet and dry range, although not 

presented in the table, was extrael7 high. !he Tariation obtained from 

blocks in the ea11e J"a.n«e waa not as high, but still significantly high 

if compared ~ the ~aTiaetric method. BoveT&r, 1t should be indicated 

that \he coefficient of TBriabilit~ in !able lJ vas estimated from re

sistance readings in ohms. Had readings been coDTerted to atmospheres, 

Tariabill V on hi&h soil moisture tendon values would be reduced. 

Inetrgaente• rerponse 

'!'he in~Md moisture tension w1 th depth vas calculated w1 th the 

I. B. M. maob1ne1 for all \he types of units used in the field. 

J'igure 17 ia plotted to indicate the changes in mean integrated 

tendon (aTer&«ed for the 4 vet block•), w1 th time and as affected by the 

9 1rr1p.t1on treatments applied in the season. It is apparent that 

tenaioaetera practieall~ neTer agreed with the screen electrode bloCks. 

After the dq 195. the mean inte~ated tendon for all blocks barel7 
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droppecl below 1 atao.phere at-.r 1rr1p.t1ona. Howenr, read1JICa wre 

usual.17 aaa. 2 clq'8 at\er va'-r vas applied, which Jddl\ have bee tmt

t1c1ent \t.e tor plants \o deplete .o1s\ure agatn \o ea.a extent. It 

al•o appears til&\ the iachee of w.\er ea\la.ted to be appl1e4 tor .-a\ 

~\1•s ware no\ n.ft1o1en\ \o bring \he roe\ zoae \o t1el4 oapui\J'. 

!hie ta.e\ pro)&~~ ooavtbv.'-4 to tM Ulleft1l dle\r1lfd1-. ef aoleture. 

!hie neu \o haw .._ retlec\M. 1n VIe uzd.tond\7 ot 1u~t re

llpOilee atur irr1p\1cma. aa 1nd1ea\ed. in !'able 14. !ensi~re, Cllll \he 

o~r haad, llO\ cmm approached \be 0.8 at.etlphere \enelon uat11 \he daT 

194 (~ 17). 1lrobn lbaes ebov \hat \hroUch the iDdloa\ed \1M, a\ 

leaet 1n 2 •f the 4 •••• _. MJ'CUJ7 colwm had COM 'hroad the Ml\0-

M\er 8Cale I'M41DCB. After 1rr1p\1ona, t.ulc.e\er readiap «aeral~ 

caM 4cnm \o below o.s aaao8pheree. lJu.\ wheJa approach'.wg the 6oo -. 

Jl&l'k, thq e\&rW leaHng and. d14 not ... w-q helptul 1n follcnd.JIC U. 

110ietun 4eple\1on in \he root •••• 

ftpn 18 preeente the chazr&e 1D .. an 1n\epat.ed hnsion (for ct.p\h) 

Yi\h U.. 1B 'he aecU• we\ plo\a, and u 1Bdlcate4 l!r \he •orea. elec\rocle 

bloab. !!Ia peab 1Dd1ca\ed before lrrip.Uone ~s\ ~\ 1rrt.catlona 

aheuld ban Mea .ae aore trequet17 for \be Q'pe of ao1a\ure treat.o\ 

aeelped. \o \heee ~ooD. It is iJllereeUJlc to DO\e the 111l1fo111 pa\\ern 

tollowcl 'betw• lrrieat1•s. !ftda le axplaiaed. lv \he taereuiDC t\elland 

for ao1enre vhu plu\a a\-ta!D Ttcorou &rwtb. It te apparaB\ \hat 

blfleke wre ocmeteh!J\ to tn41oate nearq the .... tntecraW. teaeton 2 

d.qe after eaoh of ta 4 lnipttee. 

l'lpn 19 c.paree \he.,...~ dlrecnlCIIUll Val. ot the M8Jl tnte

cra'-4 tellaton 1n the 4r.r blocb a• t.ndloa\ecl 1rr the eOI'Mil eleo\rou 

blooka aDd \he aoacen\rtc pluga (125). It te apparea\ tha\ ltoth clerioes 

conab\a\17 acreecl trc. the U• at\er the tl.n\ appUoaU011 ~ water 

•. 
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lfalt1e 14. TarlabiU \7 of eo11 •leture ucmc all de'Tlcea after lrrl-
ptlcma aB4 u b.41aa'-d 'b7 the Man ln\ecra\ecl \enalon 
(M. I. !. ) eetlllaW. wl\h cU.tferent lnlti'Uiml\1 

0Mll&gl1n\ of 'l'ariabillk (~l 
Vet 

~naiaaekn B1ocka T •tak8• 
~ MI~ ~ KIT !If 

179 7.).0 .]J 45.2 o.? J6.5 ).0) 
185 49.) .16 .so.) o.1 
192 8.J .)8 :n.2 1.0 3).1 0.1 
198 6.S.6 -~ 82.1 1.8 ).S.l 0.9 
202 3?.4 .~ 90.0 2.1 62.9 1.1 
208 25.1 .12 lJ).O 3.2 29.2 2.1 
21.) 21.8 .65 30.0 1.2 .)4.0 24 • .S 
220 91 • .S .21 15.? 0.9 ]J.O 10.5 
2)1 8.0 .04 )8.8 1.0 30.8 .S.4 

Jle41• .,, 

185 54.5 0.9 
198 28.6 1.0 25.4 o.6 
206 19.) 1.0 51.0 1.) 
224 30.6 1.2 

D2 
P1uca 

192 28.6 1.2 11.5 1.) 16.1 o.s 
208 )0.1 1.1 18.0 1.1 96.5 1.8 
2)? 42.2 2.0 41.8 2.3 ll0.1 0.9 

vu II&Cle. ,.._,. oo1ncl4e e8J)8Clall.7 ln 'be ln~\el tendon 1nd1ea'-d 

af\er enf'T 1rr1ptton. !hq read approxbatel.T 1 atmotrphen, ae ill \be 

lied!• wet plot•. !he ooefflclent of Tal'lab111Q' of the lntegraW 

\enaion aacmc necb after each 1nip\1on vu lowr tor \be clr7 p1ota • 

... 1D41caW in !able 14. 

It ••- tala\, ill cnerat, the trrlptlcma appllecl. to the ..Ua 

wt &Dd 4rT ltloob sa\1d1e4 Mtter \be .,latare •-,.,• of the roo' BOlle 

than ln \he wt lt1ocb. 

!!allle 15 badicatee \M coef!lcient of Tal'1.alt1Ufr t.r a.U •1•\ure 



!able 15. Tarta~lltt.T of toll moisture at\er irrigations ln ~. 111841• 
wt and. cU7 blocb aa 1Ddlca.Md b7 ~ integra'-4 teulon 
et\llla\ed b7 elecutcal reaitb.nce uni\s 

Ooefficlell\ of 't'a!'la\111 v 
(2 u~s :21r b:J.ockl 

1tt 
Sci'MD VPe block Concentric plug 

Replication BeplicaUon 
1 2 ' 4 1 2 J 4 

192 14.6 5.2 53.7 5.6 57.0 22.8 12.9 21.8 

206 28.,) 22.4 0 0 41.? 20.2 0 52.1 

237 55.8 0 8.8 22.6 4o.o 18.2 0 19.6 

Mediua vet 

1.85 9.) 12.8 47.2 28.) 

198 14.1 6.1 40.4 34.4 

206 28.) 10.1 15.7 0 

224 20.2 JO.J 7.4 37.? 

cle\e1'111aaUOila atwr lrrf.&a\lODa. It refers to that erlatbg 1n the 1D41-

nd1J&l ltlockt (dr7 and mec11llll vet) and nlbta.W traa the llltegaW 

Mnalcm of 2 seta of blocks or pluga per plo\. A• lt ahould. be expeC'\e4, 

1\ reaul.W lower ~ vh& ••'hated for aacmg the 110lstun blecb. 

u.,- •re DO\ read because of d1ff1cul ties vi tb. the br1cJc••· Also, the 

last rea41np were 11011\17 erratic. It ae_. that the 'UD.1ta of \heae stake• 

cleteri.ora\e ~ (J'igure 20), thus \U ccmtact neceesar:r 'between the ao11 

alld \he lDllt to obtain reliable retnllt• 11 loet. '!he cells repreaenU.nc 

tU 18 ad 24 tnchea d.eptha are apparentl7 ~ aoet weathered becauae the7 

al"e the ant ft:.P"•d to vet ccm41Uont \hroU«hou.t the eeuon. 



L 

rt~ 20. A pp a\ake used in the tleld experiment 
( rf.&h'\) u CtWpartJCl to the new one. Jio'\e 
tha'\ \he oa.'\er concentric sen• electrode 
1• pa.r\17 exposed on the cell representing 
~ 24 1Dcbes depth 1n the used stake. 

71 



.2!:!a l'e!pOJll! .1!!. 71•141 

A• the • ...- precn•M4• plaJlb Mowcl 4ltferencee in the rate of 

grwUt. aDd 1Jl \he daJ'fambc of the P'MJl oolor of ._ leana. !boM plata 

rea.i'Yille \he 1101rt trequa\ 1rrtca\1oa \reatllea\a in tU h1&h 1l1.trocen 

18'ftl plo\a preeea'-!IIOH "rlpi'O'U Cl'-'h \an all ot.her plaata. PlJmte 

vh1ch reoel'ftl. law or 110 nt\ftseD appl1ca\1cm 1D41oa.W. a 78llovt.c of the 

lewr leafta af-ter tM;y were alllout .SO c1qe ol4. 

!IL'bl" 16 aDd. 171D4loau the 71•14 of sweet con ear• aa4 etcmtr 

UDd.R differeat 110labn aa4 ~enlllser u.a-..t.. !'Lble 18 preaea\e an 

~· of ftr!anoe traa U.. 4ata ot 'fable• 16 a1ld 17. t\ 1• app&l'D\ 

that the d1ttera\1al •1•hr. u.atunt• ba4 no •1cn1f1oant efteet em \M 

71eld ot .... , eom ears (!Ja"ble 18). ..1\ber waa 81se of ear (ft«an 21) 

!able 16. Wted of 11018\Ure aDd ferU11ser on the y1eld (\one per acre) 
of oern eare 

0 
fmmd• tf ~ 'I'M!D a4d.e4 

l6o 
So11 11018\ve 

lnel Pon&l4• of pbc!'*%09! a4W. 
0 ltO 0 0 40 

DrT :3.) 2.5 4.8 4.5 
I 
s.s s.s 

Me41u. 2.4 2.8 4.0 4.7 5.4 6.o .. , 2.7 2.:3 4.8 4.6 6.:3 6.2 

•1CD1f1oantl7 atfeeted. llr aotawn ....... r. ld.mc- ferl1User •• 

hlpq d.pU1eu' 1a \he Tield •f oom ean. Jh1a\ve aDd a1t~ bater-

aoU• waa ao\ a1pU1.caa\ oa the 71•14 of com -.n. lfowqr, u bacl1oaW. 

bt. !la"ble 16, 1D \he h1&tt a1'"c• plota, tncreaHCl ao1a\ure renl.W 1Jl 

hl&ber oo:na ear 71al4 ot ~ S.S \o 6.J '-• per acn. 'fbi• -:r 1adJ.ea\e 

til&' thlt ettoc\ of IIO!ature-Jd b'opn bl\eraotloa oaa ODlT be •lcDU10aJl\ 



water applt.e4. 

!able 17. Kttec\ et aoia\uft aa4 terilllser 011 \M Tie14 (toaa per acre) 
of awe\ eom a\oftr 

P!!JPd.• !t. gUM-. lid elM 
0 80 160 

so11 -s.nur. 
::-· ~t ·or ww: lnel 0 4o 

Dr7 10.1 9.2 14.4 13.5 1.5.5 14.) 

Mecl11a 9.) 11.9 14.9 14.) 17.) 18.7 

Vet 12.7 u.4 15.9 14.9 22.1 23.) 

alcnlftoaat a\ a S per.11t lne1 1D the 71•14 et oom eara. '!hla itl 

rather 41ftlcul\ to explalD ccm.e14erlDC that pbnphoraa ha4 no effect at 

all "'-n conddered UD4er all o~ poadltle ocaltlD&U••· Ia \he ...U• 

vet p1o\e, ls.owftr, com ear 7ielcl,... lDcreaMCl lt- }lbotlpborua appll-

caucm. 

J.\ &11 ter\111 v lswla, f.ncreaaed aos.a--. b4uced aore ato"Nr 

n1 t~ terti User waa a\111 80ft 

tlpitlCD\ S.a ~ 7ielcl fit a\o'Nr, aa 1e bcU.oated. tn !able 18, Mldatare

nl\rocea lllteraeU•-.. alae a1ctdf1oan\ ln tM 7f.elcl ot aWftl". 



J'1~ 21. 

...... 

S1H of ear• hane•ted tra.. 'he h1£b fert111 \;r (' em 
\be lett) and lov fert111U" (' on the right) plots. 
Jach of the ' ears fr<lll left to right represent \he 
wet. aediwa wet. and the d:rr plots in \be high and 
low fen111\Y ezooups. respect1nly'. 
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!able 18. Ana}7a1e at 'YB.rlance \able far data on !ablea 16 and 17 

Source of Tleld of eare Yield §.f •~..-er 
ftrla\lon .. mean 7' 8WI mean r 

dt •quare• aguarea Tal. 'WI !Q.U&J'ell eguarea value 

Who~! Ja:O\J 

~llcaUone 3 1.82 0.61 0.22 140.6? 46.89 3.73 

~0 (blocb) 2 2.o6 1.03 0.37 785.53 J92.76 31.24•• 

Srror •a• 6 16.SJ 2.?5 ?5.46 12.57 

Su1t :;e1o\e 
•• •• 

1f 2 516.73 258.36 168.86 J,1o4.09 1,552.o4 103.47 
•• 

1!z0 X 11 4 11.31 2.82 1.8 389.24 97.31 6.49 
p 1 o.oa o.oa o.os 0.87 o.B7 

• 
~OxP 2 12.64 6.)2 4.1) 60.23 )0.12 2.01 

IxP 2 ).16 l.SS 1.0J 22.24 11.12 0.74 

lt20 X ll X P 4 1.10 0.2? 0.18 53.60 13.40 0.89 

llrror lib. 45 68.8.5 l.SJ 675.25 15.00 

Total 71 6)4.28 .5,307.18 

*Slpiftoan\ a\ sf. lft'el. 
••stgnUlcant at 1~ leTel. 



, 

neve 22. Sln of plan~• repreaent1n« trcla lef~ to rldtt 
\he w\ (1 and 2), aed1• wet (J aDil 4), clr7 
plots (S aDd. 6). Dle h1gh fer\111• plo~a la 
the order fr. lef~ to rich\ a1"8 repre~ented. bT 
\be odd amt'ber plants, vhlle the low fer\lll'T 
plo\s are \h8 no. maber one a. 

76 
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stmWlf .AliD COBCLUSIO!fS 

DUfer•t Q'pee of eleo\rioal rede\ance UD1 \e of \he eaetbl« t\7pe 

baTe been \ea\ecl in the l.abora\or'T. 

~or \beae tmlta conatrue\ed in the laborator,r, aa wll u \M o\her 

~al wdta reee1n4. an att.pt baa been made to e"t'aluate ~ Oil 

\he bade of un1fct1'111\7. preotalaa, MDB1\1"f'1\7. la«. drift, ancl veathell

ln&. 

!he actteen tJ:pe electrode lJlock aDd \he concentric plug (125) were 

tunher \81\ecl llllder field COD41Ucma. Data oonoernl.D« thelr beha"f'ior ln 

the field 8114 tbelr re8PC)AM at\er 1rr1pUcme uo. preaented. 

Crop l'e8pOJlM w different 1rr1pt1c treata•t• and uacler 'f'arled 

eoll fertili\7 leftla waa MU1U'84 lJ7 crain and atcrnr Tield. 

!he 8CrMI1 tT.Pe elec\z'ode block vaa characterized vith h1&h lDllforatv 

aDd preetda in • laborato17. !he drift 1\ UD.dergoea 1• apparent)T not 

alpifioaat. '!'he au.pt, llu.t dettnlM aenal\1"f'1V llhcnm 'tv" \llta bleak 1D 

the laltoraWr7 ia preaent UDder ocmd.ltlcma operaU:a« in the field, aza4 

ll&kea \M bloaka 1••• preoiae. Jroft-ualtcma diatribution ol soil aoletu:re 

renlUBC trca luutflctent aDd UJUmm appl1cat1one of water ia ponlbq 

the M1D factor atfec~ the block &CCUJ'&CT. 

!be good wather1DC ahar~er1at1ea of \be aore8J1 bl.ocka, their low 

drift. :reaacma~le accnzraQT, aJid the a1apllctv of conatructiDC th• lndica\e 

~t 1\ ••t jutlf7 a CODCellVa~ effon to 1DCI'8Ue ao.nttat 110ft \Jae 

aemtl"f'l_. o1 ~ 'block 1D the low '-nato• ~ (O.l to o.a atmoepberea). 

It ae-. tllat 1r.r red11.01D« ~ denel\7 of \he •Vlx aateri&l, that le, uabc 



a sre&'er proporUon of water 1n \be aix, ldli.ch \hua lacrea.ee• \he wa\e!'

holcl1D« capaoi\T of the tln1ehe4 block, hlche~ aenalUnv cube obW.n-

ed. !hie wu obael'Ted 1n \hoM un1 ta cone \rue ted trc. ~ B-11 plaaMr. 

!he fac\ that U. OODcen\ric pluc (12,5), al\bo'ach oon~b!nc \he h!Abea\ 

proportion ef vat.~ 1n the alx, wu ao\ H11.81\l'ft ~ aoia~ cbanpe 

below 1 atlloapherw, vaa pro'bab~ 'beoaue it ie ..U troa etral&b\ ~rocal 

atx. !hie Mterial is characwrised. to~ 1\a exv.el.7 hl&h denelv aDd '"1'7 

low poroalQ-. IJ!le .. cha.racwrle\ica recluce \be speed with vhlch wde.r 

anee w1\hln the block, rrea \hou&b the proporl1cm of vater add.ecl to \he 

aix be bip. !hie 11a11e unit, howeTer, vaa exu-e-17 aene1Un 1n the low 

ao1e\ure ~· !be veat.hertnc character1at1ca ot the pluc were, oa \he 

o\her haDcl, grea\17 atfeote4. 'lherefore, if it 1a at'-PMd to lncreaee 

\be aena1 t1 n tT of a lm1 \ b7 increa•iD« \he proporU.on of va '-r to ldx, 

1\ ahoulcl be bpt ln aind ~\ at 1ihe aaae U• the f1Jdahecl block will be 

aore aubJeot ~ weatherbg. 

!he «ood poaa1b1U tie• of eonetrac\1Jt« a la.rae naber of UDifora 

acreen blooka in a abort u .. , aa lOD« ae reaaonable oare 1• cerc1sed ln 

reproclliCiJle pourtnc and ld.xiDB \t..e and 1n bebg ocmale\en\ in the pre>

porUon ot water \o ll1x used, ottee\ aJV &emul~ of a fiDiahed ~rclal 

pluc. 

!be ahiet a4'ftD.\ace of \he coaxial deetp, 1D \bat the effect of ex

kmal con\ac\ in \be read1Dc of the 'UillU 1e eU•inated, baa been ao-

0081l>llUed DOW b7 \he screeD Q'pe electrode bloak:a. Greater qnd\1T1t7 

1n \he low \enalcm ranp •-• to be the ~ other lllponant acl'ftnt&ce 

ot t.he concetr1c pl'QC aade vl\h 'B-11 plaster. Jppa.J'en\17 We a4-.an\a«e 

la cleri'Yed t~ \he planer. !herefore, it la ngee\ed that \hle -\rix 

~~akrial lte \rted. vith the reo\an«Ular pattem ecreen electrode blocks. 

Al\bou&h no clef1D1te concluaicma were arr1'ft4 at, \here ls alao the 
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poadbil1\7 that \he rectMgUl.ar pattern aeeures better contact with the 

aoll under field conditione, aince it baa slightly lar~r aurface area 

in contact per UD.1 t JDaaa of aoll. 

lfhe tact 'hat aolature content ...arlee 1n \he ao11 f1'Gil place to place, 

eapea!all7 near \he Uldta 1n vbich it is cr1Ueal to plant growth, impllea 

that the •re replicatiODs that are WJe4, 'he greater should be the ac

curacv" wi'h vhiah the aolsture atatua in \he root zone of ~· can be 

eeUma\ecl. !beret' ore, deTicea should be simple aDd eaq to conatruet, or 

o\herwiae cheap B.1ld ~rc1a117 aTail&ble. 

ot the cc.aero1al unite of eoarlal. d.eaigD., t.boae manufactured from 

B-11 plaster should be studied aore in detail becs.uae of their hicher 

aenai Un v in the low tenaion raDCe· 1be manufacturer baa indicated that 

this plaster ae.aa to ha~ undesirable weathering characterisUca. How

enr, this u.terlal-eTen lllixed v1 th water 1n the proportion of S parts 

plaater to 3 parte va\e:~~-vae characterised vi th relative~ h1&h eenei

tlvt'T at the low tsnaion ran&e. 7r• the laboh.tor.r reaulta, this unit 

aeeaa to 0011pare 1'aTOra'bl7 v1th thoae -.de fra. §})lnlll caatlDc plaster. 

!be la& ln apeed. ot reaponee of \he deTicea to aoieture cb8D«e• seas 

~ 'be aeaocla'-4 with the vatel'-hold.lDc capaci V ot the UJd. ta after eetUDC 

up. !'hat 1a, if \be alze aDd cliatribuUon of .. po1"e space in the units 

is equal, 'b7 recluo1ng \he proportiea of water 1n the ld.x, 1a« char&ctel'-

1aUca could be 1aprc:rre4. In tact, the pltea with eoniJiatenq 125 and 100 

were generall7 the laat to attain equi11brt'DIIl. It baa bee 1nforaed 'b7 the 

Mnutacturer of \he concentrtc plug that :B-11 plaater h&a apparentq a de

sirable cbaracter1at1c 1D \hat it ae•• to 'be relatlw}7 eaq to control 

.. Mla\Ure-hold.iD« capacity- of the fWWd plaster. '!hie character1sUc 

should cer\atn17 tend to increaH the unifor.ai \7 of the un1 t. RttveTer, no 

concluaion on thla respect vas a.n1.Yed. at in the reruh of \his experbaen\. 
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It ia dou'bUul \hat the t1D41Dp on \his experlMnt ld.ght point GUt 

'o defillite concluiona. !here ae•• w H no oC*pleteq 11&U8lac\o17 

un1 t to-r aeaaurlD« soil aoiature tendon 1.Jl the tleld. :But it ae•• \he.\ 

we lli&ht be closer to cle'nlop or oonatruct a unit 11h1ch will meet td\h 

creater aatiatac\ieD 8UCh deairable Cbaraa\eriatica as prec1e1on, aenai

U T1 v, unit02'111 \7 • .aln1.lat drift, 18«, u4 veatb.e11.Dg. lll \il wah a 

Uldt 1e dnised, a larp ll•ber of repl1caUOIUI 8houlcl M a.plqed to 

detect aore aacurah~ the ao1anre statu of \h8 aoU. It baa bee 

shown ill the field -xpe:rtaent \bat, ot the derl.ce• .-plo:ye4, Use •cree 

electrode an1t 1• 1ihe aoat preciae, but the C01lcatr1c plu,: (12S) toll.,_ 

ed 1t ra\ber cloael7 when the OOIIbiDed pertol'llaDCe of all units vae 

cona14em.. 
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