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MEASURING SOIL AFERATION

The complexity of the micractions of sodl wir with the soil environment and with plant
rovls i such that althoudgh there are nuny indicators of sold acration status, cach retlecting
particalar aspects of it none of them wdequatedy desernbes 1he whole of the phenemenon.
The indicators corrently i use aie ais-hilled porosity . aie penmeabibny . gas Jiffuston cocl-
Bent. respidation rate. soil aiy compsion, oxygen diifusion rate (ODR Y redox poiential,
and some Turther indicators cplasing chenneat and Mologreal precedures.

AdE these mictheds are bricfly desenbed below . Because work on metliods pever ceases

and none of the methods s as vet ultinate and weal. no recommendation ol or prefesence
tor, partivatar methods will be given here but wnly o presentation of the measarement principie
and he related liseratire,

[ AIR-FILLED POROSITY

Deterniiping the air-filed porosity s the oldest amd the simplest method of assessing sanl
acration stus. TUs reasonable 1o assurme thad an e content above 0.25 m'm s safficient
tor good aeration. In the range of G 10 w025 m'm " ucration nuy be deliciem andvr some
conditiens while values below 0300 m'me " characterere decidedly deflicient aeration. Air-
Tiled porosity is uswally cadeulibed from knowledze of the actual moisture centent. the buik
demsity af the soil and the density ol ils solid phase: these vabues Being determingst by welt-
known methods which will o be described here

A more gipid determination can e ade by the use of aic pyenoneters: numerous models
b deseribed i the fieratare.
b useck direetly in el their reading

Sume ol these are portable and can
bown mnaflected by aations inatawspheric pressure.

H. SOIL AR COMPOSITION

Suil air analy<is comprises determination of such componears gy 0. COL
N.O. and H. and sometioes WH,, NE. and NOL Obvivisly motalf these gases .
mevery sittation. Somctimes determination of only one component, ¢y
sulficient.

CH
are deterniing
L e OO,
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The aldest anstytical methads are volumetric techmigues hased on absorption in sodivm
anthraguinone-B-sulfonate. Modification af these methods made possible microunmalysis ol
samples as smiall s 0.5 w 0K o' C Tor O and COL These Tuborions methods
have been replaced by maore modern and rupid technigues, i

Paramagnetic oxygen anlyzers are based on (he principle that oxyeen s the oy pas
wtracted by o magnetic Gicld. They require a rather large i sumple wsually mure thin 50
e’ 1o flush e internid chunber contoining e mugnctic bilance, I

able puramugnetic
amady zers can be used directly in fickl,  More complicated high precision O analvrers can
anly he used in the taboratory for measuring fespitation by contintous air fiow pr.m.cdurm.
o for analysis of air samples braght from field,

Polarographie membrane covered semors— are very convenicnt in use as they require
relatively smiald dic samiples fup 10 10 ¢cm’) whh can he analyzed in the ficld “wath the
portable vxypeen meters. The wuter condensation effects encountered when the 0,
sensors were buried in the soil for continuows 1, monitoreng have been eliminated by a
double membrane sysiem.  The drawback of the polarographic sensors is the viriahility
of the culibration and frequens recalibration is required. A miniaturized version of the
membrane covered ¢lecirade his been applicd w meisaore ). gradicnts over distances below
t mm,

Gas chromatography is a medern technigue allowing small air samples of the order of
several cubic millimeters 10 he analyzed accerately in a matter of minutes. For chromato-
graphic separation of oxygen. the common praclice i5 to usc molecular sieve 5 A column
al room temperature, ’

w hnes ol 75 e artan wltrason letector

Keatheromizlers providing adewe ) or
wehoa cetletion i ol 1 oemtm Have been used tor osyveen deteciion s gas
Chramatosraphy

O eendivsolved inwater
T tor 1O absarptiong and molecular sweve
delector.

Aetenuination of caygen in ! !
1t should be nentioned tat this peethod can be appised bath in the Lsboeratory anc

caty be detected in 10 mm samples on @ celinn watl Forapak
5 A column with e use of an clectron capture

soil ar by mass spectroie iy bas also been desetibed
. Vin licld

cenditiony

24 awehen Duoede

Obien s el methods Tor carson disside determimations m sl i satmplos caere based
wiosepaion walkal sulutens

The mrcreandivival lechnigues cm e used sl samplos
! cubie el
carion gogde determination i
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inn ters are wsed

Vit technigue s satiples of e
wi present vommondy usad o .
clusiiy ote Hlled sty Pocpak O K.ghufomsters
while uhirasosne dotegiots e el jesizatuon
Voo hatharomictess with de-

cin’ whije

Gas clianes

aanadl swnphos ot e The
Previde a deicction T el Bhentn
Iive al least o tertold sensmv iy abvar

detewtors

tectien linits ol she ander of beam'm )
Other methods which G be tsed Tor COLan-vaes insol e eni oy mernbrane vovered

sy Spockieneivts, snd mdrarsd oy rees.

alisy o cumnles or Katharanmeiers.
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Lt lene can be seporated o adusphene 2 N
i af etley beie Brom othet field hydrecarisons can be aecomphishud by wiilicimg &
| Poand Molecwlar Sieve™ 13X ora

Sepe
combition af cotumins wih aumina 81 Porapak

el el alumina deactivaicd with sodsunt iodude
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voestons withe A datection ki ot 002 on'm 1
Bt of abent [ ez o heliom donization detectors with sipabur sonsitivity - cin b

crned by sas oatogeahy sl the e of Porapab Q. aivmnm
S0 celumns, Flune wenizition
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o e godide, or Molecabar S ;
ity detector sl @ delecting

st b
wned. The detiction femit sy a hatharometer is about 200 cn’in

3. Nitrovenous Gaeses

arated Trom ovyeen on @ column witl Motecular Sieve® SAm

Guascous NIlragen Iy sep ! - A
or with Porapah ™ Q w tbe wmperatere of a dry ee-aeetone

Rm e mperature

buth ]
Nitron oadde is reality detersmed by gis chromatography wath the use of columns with
Poiapak” Q Porapah - R or Mulecular Sieve” 5 AL

1 em’ o f i,
With the wse of a hathagomeicr. a detection of Tem'me of N1 aair s ponsibie

while with a hclium nsaton detector or an electron coaplure Jetector,  condentritions

e .
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of N0 s low as (0T ot ean e detecied, Atmmpheric air usually contain aboat 9.3
el ol pilroos oxidy
Micthends ol was clinaseraphy (o MO Setermination with the ase of Moleeutar Sieve

S A Porapak Q0 hane abe boen roporied. They are. however, only suitehle for s
analysin in closed sy denns dree el oay cen, and have not been applivd 1o soil atmosphere

anndy

6. Hyvelrogen N

Hyabroeen can he dewermined by g chromatography on a column with Porapak Q)
ar Moteculur Sieve™ 5 A with the use of o hehum donization defectoe or an ulrrsonic
deiector,  The delection Tuit is of about | cm'm owath ether detector,

7. Hveroges Swlfide !
Hyslroven sultide in <oil air can be determinesd by gas chromatography on Porapak ¢
with the use of a helium jonization detector

. OXYGEN DIFFUSION RATE (ODR)

A. Principle of the Method

The metinad of QDR preasuroment consists of amperametric meisagrenient of clectric
current indensily corres ponding Lo oxygen reduction on s patinem cathede placed in the <wil
and negatively polarized with respect Lo aturated cabomel electrode or selver chlonde

electrude. This was fiest proposed by Lemon and Lochsonin 1932 and sinee that date @

has been trealcd o numerous publicstions.

When a negative soltuge within the 1 (.2 o 1RV wath respect 1o ghe saturaed
calomel eleatrode s applicd o the planinum cleorede plaved i the soil the curem ininlhy
decreases with time but stabilizes after 2 few minutes ful. Figurc 4,1,

By plotting this “limiting'” currenl. correspoiding o the aitakament of o guaststationazy
state fafter 4 or 5 min) s, pradually increasing applicd vollage tvo easentialls differem
types of current voltage characteristics may be obtained (of. Fgire 2.

In o saturated soil 6T fs SESPENSHON an INCRCse B et intensily s abserved. then a
tplatean’” range corresponding 1o oxygen reduction is reached wd thergafior o steep maeine
in the current intensity . due to commencement ol ydrogen reduction, is nbwis ed e Tare
2and also Figure §). The platean range wually lies within =0 416 — 0.7 Vvt saturated
calomel glectrods % 0 gihoueh tere may be some chanzes depeadirg on the ~otl
pH. In parnticubar. pider acid condidens the plaeau vadues are shifted o ihe let

In unsaturated soits, howesr, there is po placa at all (el carve 3in tigurgfhand curves
2.5, 6.9, 1 in Figarcf). This is a seriows deficiency of the method and its principle st
be a matter of questing.

The process of oxygen reduction on the electronde surface according to the Mclntyre s
as follows. in the pH range 5 o | 2:

0, + M0 + &—40H (5)
and

0, + 4H* + de— 2HO %)
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Thus. independently of pH. reduction of one ovygen molecude is conpecied with uptake
of four clectrons. Current intensaty iy deseribed i tollaws

P= ¥ AT %)

< 4 namber ol cgue adeits permele of o een,

whers NEHLS Y G, §
Foeothe Faraday ¢ 960300 C por equivalenty & elecinnde arca inosquare mcters,

v i s meles s !

Oxvzen T ] vt b alghival as follows;

LS 8

i
Eapressing [in SUumis tpg m " ) and denotieg o as QDI we obln;

. M i [pA
ODRlpe m s ') = = R29-10
nlFA A wr) )
where M is the moiccular weight of 0, (32 ¢ mal ")
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FIEOURT A lim ofthe sstem aika
duringe ODR incasiy rwnt

af el

sorciiensive iev e o the ODR pethod Las beea given by Molntyre. He s
pes of electrmde podariztivn that are Dhely o ocenr during QDR nicasurement

severid Ty
viz. resistance polarizanon, cleciroly o ansport pulsizatim. actisation pobarization, con
centration polarization, amd scaction palunzaton .

The resistanee polary ation wises from de vadtage diop IV s e
cathrde-soilamede se-tem TR due to the Tlow of curreat 1. aml. aceording w Ohm's L

Aistinee of the

v, = iR [m

Thus the effective vnltage of reduction (V,) is bower than the applicd voltage (V1 by the

vilte of V. fe.,

V.=V, - iR {an

The resistance R of the patiy in the soil is ol order of one to sey eral weas of kilohms
giving, at curreat intensities ol several mictoamperes. voltage diop of as much ax 0.2 10
(14 V. i.e., more thun half o the applicd volta .

Several mictheds have boen proposal inorder o elininate resistame podarization. The
ot convenient methed is the application of an independent (noncurrent) reference electrode
1o moniter the elivetive reduction oltage using a soltmeter having a high input resistance
(>10"h. The schome of such 2 systent is shown in I"i;'urc‘. The vriginal methust used
did rot gontain she S nosgurrent’” reference electrode and high

by Lemon and Yrickson
pesistanee voltmeter. The curreni intensity and thus dhe fesistinee palatization ac negligible
i the secord (moniter) ciredit.

Llectralyte transpost polanzation V., arises from accuemulation of hydioside ions on e
tnde surlace doe 1 inadegae remeval af these oas Tran the clectrnde, This polanzaten
in auddition 10 that nceessary o perform the reaction of

i
iy o cause of some overenligre V)

o oen reduction,
Adtivition potarizgion s the rosuft of an insufficiem reaction re at the electrode surface.

Thic cases tie curtens o be coniiuticd by the rate of geaction and aor by the flux of oxygen.
The e cotrvation polarizztion is memmlested by i ponlincar increase of curreit with
IRCrCine 10 0N gen comeyiEr ton

Cor on s cinased by o reaetant eoncentration an bgh current densities.
Tl » with voitage umtil the concentration at the clectrode

e ot

wrtion pelin

veee of polsisaion e
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reaches zero. In this silustion the reaction rale is complesely dittusion-controtled and the
diffusion current 1w obtaited

Reaction polanztion miy be myolved when @ chemical reaction precedes or succeeds
the checirochemivat one. This is tikely to oceur during catalytic decumposition of H.0,
which is an imtermediate in O, reduchon o 11,0,

In the ideal case only concenuation polanizaion and resistance polaization shoald vecur
s s ondahle bl

iz

while the other types shoufd by climinagtet, The resistance
it~ contiibgtion ean be baeessed either by caleularion or by dirsct mcsueeniens as slown
m Frgure 8, This permnts the measurement o be performed with a constant known eileclive
voluge,

Huowever, the absence of the potarographic plateau. which is neser seen e it
unsaiwrated soilsamphes than bosides concentration polaeization sctivation polanzition and
ebectralyte transport polanization are probably present. The presence of activation po-
lanization s indicated by the nontinear cutrent-oxygen concentiatiue dependence Toumd by
many atihiors,

The possitility. of eliminating clectrolyie wransport polarizition s been consiciered and
discussee By Stepaiewshic Nosatsfuctory way ol climinanag undessred peslarizations anad
thus abtaining a platcou in unsaurated smby has been Tound as yet.

Despite these numerous Tinitations and uncertaintic ODR s it present still the best
index of porentiat ity TATARTG Tor plant roots in the suil,

B. Equipmeni

The first forms of apparatus used for QDR meisurements in soil did mot allow for the
effective voltage 1o be controlicd. However. they enubled a constant voltige 1o be applicd
to many platmim elecrrodes and measurement of the individual corrents.

Some subsequent arransenients permitting the measusement of soi! resistance and cor-
rection of the appled volage according o guatioe (11 of this chapler ave been de-
scribed. Alsesome devices tor antoriated measarements have been reported

The method providing aiontativ control of the efloctive electiode vollage wis described
by Malicki and Widczah,

Platinum cathodus, usially severat sinmitancousty arve wsed for QDR mesurenient They
are constructed of 10 s Ptowire in fength with diamcters in the range of 1.4 10 1.2 jum
but most comimenly ahout 0.5 mim. This were s conneeted te g copper cabile and mounied
in 1 sheath which may be glass, plastic. or metal allowing some 4w 5 win of bare Tt wire
e project. In the case of a glass sheath the achimant may be made by fusion or with
special whesives, e L epoxy resins, which are also suitable for | listic misterials and metals
To printmize the phy sical effects of kectrode imsertion in the soil it s Cosirable o make the
clectrode sheath as thin as possible. However, itis not gasy to consioct clecirodes thinper
than 3 m. The measuaenent ime is usually 4w 5 mi, permitting quasistationar v conditions
i e achicved.

Iets recommended that e electrodes are insated dota the soil imardintely before the
measirement

aving the clectrodes in the soil iy ciuae o d.
with them. This pheoomenan. somwtines called * puoison

rease of the teadings abtaned

oo’ al the clectrodes s e
ohserved by several authors i s mechanivan has not been explained satafaclordy

o wis suppested that precipitation of some compovnds such as virbonsies or hydroxides
may accur due to OH formation an the clectrode surface, Elerwrode el

in by
washing and abrasion remoses the ““poisoning™ efteel. Bas een the measiements clecirodes
can be hept in wir,

Aaretereree eleetrades, saturated calomsel electzades o silver chloride clectrodis b e
been used. I the original Lemon and Erichson  sysem the selercnes electide is oo ihe
anode through which a curreat of up ko somi tens of microamperes T Beciuse af this,

epr——————

e P Y R S S S AR

Laree cluen s of special constrution with a sarface of mereury tin the cuse of calomel
cheetinds < ol sibver covered s siboer chloride, wiich Tave e of several sjuare
contimetors. are s ta prosert i constanl potential despite the How of current. T the
oot ol amd shown in Fronre A coppet or brass vod can
Swnctire T eferenee elecods

sestem deseribed by G

b e s the curment careving anode while the second
ione as o o o AU CICTHS,

can e standard calomed ae as commonby ased Tor phomeasaienie

Appbste ! . s v oloctrods
It ~honld Te posted oul that QDR meisaaement s retabie ooy when the entire electndy

airbace 1o setled = FTe G valne . netmaily wopeasang sath sail o, deerease shanpiy
Felow .1 ot moisieee vontent comespordme fo hreak up ol the water ilm L'l‘\L'I'ill‘!_‘ li.|-:
Platimgnn stitfage. Thus, [ propet imterpretation of QIR vlumges in a |1xi:1ith!a!| sl in the
{ichl. e wehationship Berween ODR aml meisture contunt should e rhcukull. e appa il
vilues of ODR corresponding to the meisture imerval at which contimmty ol moistore N
on il platinum cathede dssagppears shoald be discarded as artdicral. Usually the moistore

anee tor geliohte QDR secasuenints cormespoids 10 a0 moeisture fepsion up te 30 to 10

kP,
v RUEDOX POTENTIAL

Redoy potential ‘in soil ix measurcd with bright plurimnm ctcctrixlc\_(:[_g!]f‘rg1gn! shipes
anul sizes, their potensiab being meisared with respect Wi h:llll.f:ll(!li uululmcl s:k‘t“lu‘ull‘: A
the measuring device. a high input resistance sollmeter is ux_cd. Fhis ru|'\‘|‘::'w11cn:.n-jiulhllcd
by wll madern portable pli-meters whick bave an input n:\.l.\'l.mcc of 107w 100 0

Some anthors  reported o phenopienon of = posonioe”™ the 1t chectrodes (‘iunng redex
meitagrenent hut this pheronienon is nob so evident is in ODR measureiment Sonwe authors

abtitined oo records of e vagation in redos potential in the seil over a g penod by

feaving the ehecteodes in the sorl.
1t ~hould e abled that ese ot the ke clectredes mmeditely alior GDR meingrnemems

Poyafies indicited 10 be fess tn the true virdues. Phis i due o

causes the redo petsm
ve polansation ot .
The duraion of this pokeizdica strer ellect m the case of an electiode B the il 1
more than 24 b Reeserning e cleetrode degreases the otagaitsde and duranon of 1he
clteel, The el conditions of the disappeirance of this efleet Bave nod boen doseribed. 1t
it be mentioned that some suiboes econmmesd shos pobaization of the clovtrode 13
i st ith b veleare ahout A0 oV Belore e meastesnent e ovder teshonmen the e of

eoeleetrades which shouid mot be used dor fedoe me sareneeats

reaching vauilibeiam potential, )
The range of mwistnre contents in which rehiable redox putential mesurenierts are Pt!.‘-\llj't
i wider than Tor QTR s pootial electrode moistening is sutfieient for the clectide toacagurs
the potential of the seal, ’

The redux potential vitees with respect toa standard hydrogen electrode are caleulated
by adding the reference clectnde potential. The putential of a suturated calomel electrode
is 254, 251, 247 and 243 mV at temperatures 101 15, X0 and 25°C, respectivedy

Redox potential is the best measure of soll redvction processey in wattoploemed soil and
in conditions of oxyeen oxhanstion it the soil when other idicators such as ODR or 0.
content e inseesilive and ol litde value.

Drevices and Ficilities for contingous multiple meastremients of redo potenaaat have been
described, Some of them are coupled wish simultaneous OR measurements,

The problem of measunrg of the wdox patentisl and it maintonanee on 3 du;irc.d fevel
in ~oil suspensions has been discasseil by Patrick et 517 and ol cores by Patrick and

Flenderson,
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