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INTRODUCTION

¥olsture :13 remg,nim& as asseﬁﬁa}. for 't;irm bioclogieal tremsformetion
of emplax ergmia meterial in sw.ii, mﬁmitiw of tha soil moisture
sontent thet mey be eonsidered optimel for miemhielegiaal aotivity in
sny given soll iz complicated by  mumber of fastors. At the outset,
some partionler as?eet of misrcbial sctivity suitsble for msmr#mun%
must be selected, Most commer

ly empleyed for simﬁy heve been extent of
populetion chenges, rate of carbon dioxide evolution, formstion of
emmonie and nitrete, a:&& fixation of elementary nitrogen. To the }
experimental difficulty of sepsrating the effaéﬁt of moisture from other
jntere-asting fastors, such as temperature, level of nutrient end energy
materials, and perticulerly, eeration, there has been sdded at least in
some instances failure to insure s sonstent ﬁeis’b:xm sontent throughout
an experimental period or to effect an even distribution of moisture
throughout the soil employed. Finally, there has been cemsidersble
disslmilarity in the manper in whieh soil moisture content is expressed;
some mkarn have cxpmam weker Mmt as the percentege uf oven~dry
soll, others, as porcentage of the maximum water holding mgpacity,
others, in terms of thickness of the moisture film around the soil
particles, |

During recent yeers, the energy concept of soll moisture has been
more widely developed. Under this conoept, soil molsture is expressed
in terms of the physieal forces har which it is held in soil end not in
terms of scimal pereentage content, The present study hes been under-
taken to find out whether the emnergy concept could be apgli.ﬁ to a



better definition of the range of moisbure suitable for mierobiological
activity in differently textured soils.



Publieations on the influence of moisture on mierobioclogioal
aotivity in soll mey be grouped for the most part aﬁgu&.ﬁm_ to the
observed effects of differing soil moisture contents upon (a) mierobial
pumbers, (b) oarben dioxide evolution, (o) sxmonifieation and nitrifi-
eation, and {d) nitrogen fixation.

It hes been noted fregquently that the mumber of baeteria in s soil
changos from sesson to seamsen., Few bacterisa mey be found in a soll after
& long dry peried, but after the first rainfell thereafter the numbers
rise rapidly. Engberding (11) found meisture to have a grester influence
than tempersture on basterisl numbers in soil. Whenever a difference
in becterisl number was cbserved under different ereopping, it could be
agoounted for by the differing moisture esontents of the eropped soils.
King and Doryland (24) reported a reduction in both number and activity
of soll microorgenisms as a result of exvessive moisture., Hoffman (21)
found a gradusl dimimution in mierobiologicel sotivity as the soll dried
out, the larger forms such as the fungl were the first to die, followed
by the smaller snd more resistant forms such as astinomyecetes and spores
of bacteria, Remy (33), Fisher, Lemmermenn, Keppen and Blank (13),
Prescctt (30), Peher (12), Rehn (31, 32), and meny others have reported
an effect of soil molsture on bacterial numbers in soil. Lohnis (29)
end Wekaman (46) have summerized much of the earlier literature on this
subject,

A few recent references may be cited in more detail., Eggleton (10)
ooneluded that molsture exerts a ocontrolling influence on the numbers of
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readily spparent. Inasmuch a8 moisture has been expressed as (a) per-
centege of oven-dry soil, (b) es per eent of the maximum water~holding
capesity of the soil, and (e¢) &s thickness of the moisture film
developed around the soil partisles, it is diffieult to compers, or to
sunmerize briefly, much of the published data.

~In recent years, the sonsspt of using energy relations te
cheracterize soil meisture phenomens has become uite generslly
aemteé, Under the emergy concept, problems of seil-moisture
retention end movement have been placed on a fundemental besis, and
suiteble technioues have been developed for messuring the foreces by
which water is held in soil (1). The tensoity with whioh moisture ie’
retuined in s particular soil by surface force sotion depends om the
texture and cen be measured diresctly by emivalent negative pressure or
tension in the soil moisture. The tenscity with which moisture is held
in the soil camnot be fully expleined by the survabure of the moisture
film eround the inerganic soll partiecles, or by the so-celled “espillary
tube™ hypothesis of Brigge (3). Surfece tension forces are only & part
of the total forces involved in the sttraction of weter by soil. The
orgenic matter fraction of the soll, cmmotio pressure due to ssalt con~
centrations and other factors play e signifiesnt role in influencing
soll-moisture ral&ti&;shipé Q1 }; e ' \

There are seversl equilibrium points thet are commonly used in
deaoribing soil-water relationships. There may be mentioned {a) the
permenent wilting percentsge (5), (b) the field capacity (44), (c) the
moisture equivalent (4), ané {d) the "aerstion porosity limit"™ (25).
These peints, in the order named, eorrespond to pP valuwes of 4.2, 3.0,
2,7, end 1.7 (1), The term pF, introduced by Schofield (37) in

pursusnce of the ideas of Bueki r (6) on the ensrgy cencept or
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Mol sture Bﬂmtim Charasteristios of Soils

In the present work, the ﬁm "seil maistare tension" hes &sgu used
to designate the net tension in terms of ocentimeters of weter with which
soil motsture is in equilibrium, as determined both directly end
indirem;}.y, end is the rswltaxgb cff all tha i‘m@rs in operation under
'hha mditima ef‘ the &m:‘mina‘bims. Inameh as the soils smplayad
were frm 2 hunid region, an a@;smiab}.e aslimty is not to ‘be

w&.
Bstablisiment of "0 snd 717 om, of weber tensian

One of the most familiar }.&baraw determinations of soll moisture
1s thet of so-called “water holding eapasity" (also called water
reteining G&p&ei‘by. molgture hamiing sapacity, molsture cmpwity),
This term was iaﬁro&uwﬂ by H&lgm*ﬁ {20) and its dmemimtim usuelly
is mede as follms 4 shallow container with ?arfaratad botton is
filled with eir-dry soil, then setureted by immersing in weter, then
dlbﬂd to aéain free of sll the water whiech will drip out under the |
influence of grevity. The moisture comtent of the soil is then
deternined by usuel oven drying,

Tt has often been assumed thet such e determination would be en
indlostion of the smount of water which would be held in thet seil in
epposition to the puil" of gravity sleme, or in other words against e
ténsian“ei"“ﬁ‘”'mg of water, but such an aﬁsmzptian may be unjustified
in view of the fact that the lowest }ayer of soil particles is in
ocontact not with sotl but with ﬁw atmosphere, At the soil atmosphere
in‘k&rfwe, films of water ﬁmlap which interfere with the free
drainage of molsture. BRemovel of these films of water may invelve
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applisetion of some suction.

In the present work, 30 grams of air-dry soil, soreened to pass a
2 mm, sieve, were plsaed on filter peper within a standerd "moisture
equivalent box", levelled by gentle tapping and them plased overnight
in a tray containing dietilled water to slightly sbove the surface of
the soil. Next day the boxes wers sllowed to drsia by gravity for 30
mimates, with the lids in place, after whish free water drops at the
bottan of the box were wiped off but onoe with & paper towel. The
moisture comtent of the seil on an oven dry basis was teken to
represent "0" om, of tension,

It was noted thet during the weighing of the boxes, more drops of
weater tended to drain out of the smmples., Removal of the free drops
of water by blotting seversl times with blotting paper, or until mo
more free water drops eppesred, weuld result in a different molsture
eontent. Such blotting involved s sertein emeunt of suetion force,
and the moisture oontent determined wes expressed as that sorresponding
to "1* om., of water tension. At the high moisture range, soil meisture
is very loosely held, end & very smell change in tension causes a
largs variation in the moisture content of a soil, |

Establishment of 10 end 50 oms. of weter tensiem

A menemetric device was employed In order to bring the soil ssmples
previcusly ssturated with water to euilibrium with tensions of 10 and
60 ems. of water,

The espparstus, as shown in Figurs 1, consisted of two arms of glass
tubes 4 and B, clamped in vertieal position and comneoted together st
the lowsr ends by rubber tubings through & glass stopoock C. A short
plece of rudbber tubing R wes inserted at the top of the arm A for



holding 2 Buchner funnel F contsining the soil ssmple, while the arm B
was provided with a side outlet D towards the bottem, The Buchner
funnel, 60 mm. in inside diameler end 36 mm. in depth, oconteined &
‘slosely fitting dise of blotting paper to saver the perforations of the
fannel, A similerly-sized disc of filber paper was fixzed in pesition
on tep the blotiing paper with a few drops of distilled water, The
filter psper dise wes given s preliminary treatment with e dilwte

suspension of elay in order to minimisze the pore sizes sufficiently to
hold & length of weter ocolumn in subseguent use without admitiing air.

The funnel was filled te about 4/Bth of its cspecity with sir-dry
soil, soreened to pass & 2 mm, sieve, and in order to insure uniform
peoking of individusl samples, the fumnel centaining the dry soil wes
tapped 50 %mu, by dropping it from & height of approximately 2.6 em,
The funnel wes then plased over night in wvertisal position in = besker
sonteining oold freshly boiled a&.«aﬁlhﬁ/m%r to slightly sbove the
surface of the soll., The next dey the funnel with ite contents wes
garefully teken cut of the besker snd its stem introduced on the
Tebber tube R of the menometer tube, alresdy filled with distilled
water up to the brim of the rubber tube, Care was taken to aveid emtry
of sir bubbles inside the funnsl during the menipulstion. The fumnel
wes olsmped in verticsl positien and coversd by sn inverted dish in
order to prevent loss of molsture by eveporstien,

" During this menipuletion, the stop esock ¢ commecting the two arms
was kept open, snd weter was slowly released through the side outlet D
in s mmber of instellments until the differense of level, measured fram
the oenter of the soil in the Buchner fumnel to the level of the weter
in are B, corresponded to the tension desired. This diffsrmial was
mairteined constant by releasing water through the side outlet from
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+ime to time, until souilidbrium wes attained, The time regquired -
depended on the nature of the soil, the tensien applied, and the size
of the pores in the filter dise, but in general, could be ettained
within 2 to 3 hours,

After equlilibrium was sttained, the gless stopper ¢ was closed,
snd the contents of the funnel removed by spatuls into a tered con~
tainer for determination of moisture content.

Dete m&%@ of the moisture equivelent

The stendsrd centrifuge method of Richerds end Wesver (34) snd
Veitmeyer, Oserkowsky end Tester (45) was employed, with 30 grams of
eir-dry goil being used. The moisture tension at the melsture
equivelent is generally esgreed to correspond to pF 2,7.

Determination of the permsment wilting ‘garmw?,

Holsture centent et the permanent wilting percentage was determined
indirectly by growing sunflowers a8 the indieabor plants in suiteble
conteiners {19). The moisture tension st the wilting percentsage is
controversial, but is generally believed te lie¢ within the range of
pF 4.1 to pF 4.2, According to Rishards and Weaver (35) 15
stmosphere percentege is a vetter epproximetion,

Establishment of values for 3,160 am. of water tensiom

Hoisture content at this tension was determined by interpoletien
from curves constructed frem dats obtained in the several determinetions
Just sited, This tenmsion velue corresponds to pF 3.5.



Fige 1« Apparatus for ﬁe'harﬁning wiatare retaining
capacity of seils ot verious tensiona.
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Anslytical Methods
Determination of moisture

&‘hﬁ amplo was dried to emﬁm’a wight at 195° Ce ﬁaiituw loss
was Mamim and the mmal m@istmn nmt was mgmuea as yer’-
mtagc af the mnmdry sailg }

Estimation of sarbon dioxide

garbon dioxide wes dat:emimd by volumetris method following
sbsorption in etandard sodiwm hyﬁrm«ae solution in Pmmrrar't |
tubes or sa tmri maaing g}.ua beads, ?i’bratiw with rbnmlard
kydmohluria acid was m:a i.n ;mum ai‘ excess ef barium chloride
solutien (sbout 1 K) with ghmlphthahin a8 the iﬂ&i@atnrt

Estimstion of totel carbem

Determinations were made nmm}iag to the methed of sﬁl*bu- (36)
and lmmtor md mith (*9), with mrta&n modifications, Instead of
owuly grmlnr aupper exs.éa, GW u’bﬂtw, made by socaking
ubtﬁu fihra in cencentrated copper nitrate selution, drying, and
1@1‘&% te re@e&a all treces of oxides of nitrogen, was used as
£11ling Mﬂriul ix; the cembustion tube. It m found that dus to
flustustions in temperature, the siliea tube slags with fused eopper
oxide and crecks on cooling, wheress use of copper asbestos offers no
such d1ffioulty. - |
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Egtimetion of cerbamate carbeu

Batam:imtim of sarbonate aaﬂ;m ,’:.n séﬂa m mede by mmﬂng
the carben dioxide given off during trestment with 12 per sent hydroe
chlorie aeid, About 10 grams of semple were used together with 5@ ml,
of twelve per osat hydrochloriec scid in a smsll flesk, Carbon dioxide
liberated was swept ug through a vertical mmscr with sarbon~dioxide
free air, passed through & U -brﬂéa ﬁmt#&nmg gremalar zince te remove any
hydroohloric seid carried with the sir stresmms, and then sbsorbed in
standard sodimm hydroxide solution in u tower packed with glass beads,
After initial exposure to scid, the contents of the flask were heated
Just to beiling after which heating m discontinued., The contents of
the tower were then washed down inte a 500 ﬁii‘ Erlemmeyer flask with
carbon~dioxide free distilled weter, wWashing was continued sbeut 14
times or until no trace of ocsustiec sods was indicsted in the weshings
when tested by & drop of phenolphthelein indicster. A blamk determination
was carried s&t soneurrently W sxsotly similar conditions,.

Estinetion of emmonia and nitrate

The soil wes neutrelized with about 1 N hydroehloric aeid snd made
scid to congo red. A measured volume (100 to 128 nl,) #f 2 ¥ potessiwm
chloride waes then added to the soil, f:ﬁllmﬁ by en amount of distilled
water caleulated to bring the consentration of K¢l 4o 1 N. This could
be done by determining the smount of weter present in the semple and
deducting it frem the volume of water to be added.

The mixture was then sheken fm» a. perioed :aaf one hour in en end-
aver-end shaker, after which it was filtered through a dry fluted
f11lter psper. An aliquot portion of the filtrate was distilled with am
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excess of megnesium oxide, end the ammonia libersted wes absorbed in
standard hydrochloric acid solutiom and estimeted w% titration with
n,wgga sodium hydroxide m@wﬁwwaﬁ using methyl w&:sﬁewwwwuﬁw blue
as &wﬁ »ﬁ&.aﬁa@?

The u.am».mnm left mm&@% gﬁﬁ waw@mswﬁ«kwg was @wwﬁwﬁ ﬁwﬁp v
water nua. distilled with w@aﬂww%m elloy. The ammoniu liberated as a
result ﬁ. redustion of nitrates and nitrites wes estimated in the
nanner just described.

;ian of totel mitrogen

Potel nitrogen was determined by modified Kjeldehl method using
sodium sulphate, maﬁg thiosulphate, um,wwaw&.a @agh end ocopper
sulphate in addition ,wa aggﬁwgg sulphurie acid in the digestion
.ow &wo sample, followed by ﬁu&mww@gg with excess of consentrated
sodium hydroxide solutien end collection of the ammomia libersted in
standard hydroshlorie ﬂ&? Excess of g@ngwwnn? ,aawm. was titreted
with methyl-red sw.«wwwwg blue as the indieator,

imation of miorobial

oopulations

Miorobiel pepulations were estimsted by oultural proscedures,
asoording to the metheds of Clark (7). wﬁaaﬁwgﬁg were wgwaw to
numbers of g.ﬁi wa«wﬁgggmw E& guﬂ»ﬁ in aowaaw& series of
ineubated na»u.x. | o
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Estoblishment end Heintenence of Ineubstion Conditiens

~ Procedurss for carbon dioxide studies

The sdditional smownts of weter required to establish desired
tension values were added to airedry scile of known mﬁisﬁwe sontenta,.
For as?hahiiahing in@ba’kim ﬁxgeirimn'hs"&t the lower tensions, 0, 1,
19; and 50 om., 't'.lw ruquirsﬁlmts ai‘ weter ecould be added from a
bﬁra'kte. f In tﬁa case of the higﬁer molsture tensions of 502 end 3,168
em, of wabter, such & procedure would not insure an even distributien of
moi sture throughout the semple,

Io en {nitisl trial, a kmown weight of air-dry soil wes mnly
spread on a large ensmelled tray and s Iknown volume of water was added
by spraying with sn "atomizer” run by compressed air, The tray with
its oontents was then covered with a 1id end allowed to stend st 6° C,
for 45 minutes. Moisture ﬂakgvmiﬁa%ims on samples collected from
various places in the tray showed unscceptable v&ria:biﬁm«' In f’ar’hherk
trials, similer procedure was employed but the required volume of
water was added in § to 6 installments, énd the soil was thoroughly
mixed with & spatula after each aﬁ&iﬁim of water, MNoisture dmé»
minstions on rendomized ssuples showed elose agreement smomgst them~
selves, but they also showed that censidersble smounts of molsture hed
‘been lost to the eir during the spreying cperation.

The prosedure finally adopted as sstisfactery is desocribed ss
followss

A known weight of air-dry soil {with or without admixture of plant
meterisl) was spresd evenly on s large ensmelled tray (an 8" x 12"
photographic dish could be used for sample weights not exceeding 400
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grems) and the required amount of water was applied by spraying im 5

or 6 instellments, the mmpie being mixed tﬁwmghly ui‘bar‘ esch instell-
ment, *rha tray with its eﬁﬁwfm wes weighed before and after the addiw-
tion ef wntar, mzé the Ieus of mmm:m &mﬁ.ng the operstion wes made up
by the mrther &&ditmn of m‘hw by a;araying ﬁoistwre determinetions on
rmﬁmzmé ssmples showed amm agreement to the melsture contents
énim.

Enm’e:e.tim flasks received wighe& ammu of moist soll, te
aemspm& to am groms af mﬂéw soils TIn cases where ome per oent
of i'imly grmd eorn whmr was edmixtured with the soil prior to
watering, the smounts af soil incubated wre@m&é to 100 grems of
Wﬁty seil plues 1 grem of sorn a%clk. ’ ‘

Ineubstions were xméa st 30° Cox 1‘a Por incubstion cemtainers,
500 ml, pyrex Er,‘;emyar mma gsmrally wers usod. in a few
in&tnams to m noted latw, f’ﬁ.ﬁt glaaﬁ bettles spproximetely
x5 x15 em, i.n size were am&.

Inmb&tim ewkaimrs were fi'!‘-'bﬁd uith 2-hole rubber s’ta@pera,
emteinina S.ale‘k and outlet tﬁbﬁ m am@bﬁ vith an air stream
madnteined at genatwﬁ pressure by mm of & water colum. 7The air
stream wes pami&& through maentxa:kaﬁ pﬁ%aasim %ydraxiéa solution,
eoncentrated mlghnrie soid, sode lime, asaarita, end aa&eium chloride
towers before it entersd the ineubstor. After emtering, the air stream
was paszed through a series of long, horizentel 'tmhaa, helf filled with
distilled water, in order to w&miéia f!:he air stream to 100 per mm'k
resl&tifa hmidity at tﬁg tmpa?&mre of the incubator. The eir streem
was finally broken into & nmumber of different brenches in order to
provide seretion for & large mmber of flasks et one iime,
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Flge 2. Arrangement of Pattenkoffer's tubes used for
~ 4neubatien studies.
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Procedures for studying the sctivity of different types of mioro-

Fm m‘bsﬁar Iem :Lawb&m 15 ém aﬂh 50 em. of weter tem,{w.
the aultunny grtémiamt fungl, whinmywtu, and hm'bsria wers
isoclated, Three members of each of tlwm groups were mlwreé
‘uparamiy on ager slants* end the mmi‘tmg surface 5rawhh of each was
removed. All bacterie hmua%é were m&m inte ene suspensien,
The wtinsaymtn were oombined into = sscond suspension, and the fungli,
inte a third, One~fourth of esch suspension wes removed, and these
three fractions were combined, Wm&ing & fourth map#mi& containing
bacterie, sotinomycetes, and fungi. One ml, portisns fm ﬁw four
prepeared mxpeﬁsim wers used *b@; inoculate steam-steriliged soll.

et aliquots, Mrmg{gms.ng to 100 grams oven-dry aa;l and 1 grem
of eir-dry cornstslk, were placed in 500 ml. Erlemeyer flasks for
adjustment of water M‘m end for sterilization. Weter sentent was
adjusted h;y addition frem a mmm, or by the spraying procedure
pmimsly deaeribad‘ Inasmuoh es soue water was leoat aurs.ng sterilize«
tim, & number of preliminery mua were necessary to determine the
exact amounts o!’ water ?wat &uring sterilization. By proper amdnrdiuw
tion, meisture sontents in the seil m’id be a&juwcd suscessfully,.
After atsﬂl&a&t&m, the maximum deviation frem the desired wvalues was
not more then 0.2 per wzit.‘ | |

Prior to sterilization, incubation conteiners were fitted with
rubber corks mrrﬁngmw and outlet tubes plugged with nem-sbsorbeat
eotton, %ﬂﬁi&:&ﬁm was st 15 lbs, pressure and 120% ¢, for 60
minutes, Aftor sterilisation, snd inoeulatien, the conteiners with
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their sobtton plugs still in ;als.ee were connected to & washed m&
ﬁltsmé aﬁ.r smm; | .

aarm dioxide evolved was wilwmﬁ sontimously, end was deter-
mined efter 2, 4, 6, 9, 12, snd 15 days, A&t the end of 15 days, soils
wore removed for misroblologicsl analyses. |
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EXPERTMENTAL RESULTS

Melsture Retelning Capacities of the Soils Employed

The moisture retaining cepaeities of the five solls employed are
glven in Teble 1, At emy peartioulsr tension, molsture retention
inereased progressively with fineness of the soil texture, Thurmen send
inveriably contsined the lowest, and Wabash silty olay the highest,
perosntage of moisture st each tension for which determinetions were
made,

Curves showing the molisture relstionships of the several solls
are given in Pig. 3, in semi-logeritimic scale, A4s thers i» no
provision in a2 logarithmic sosle for a tension of o ma.,ftensiona
ecorresponding to "O" end "1™ om, of water have been plotted as 1 and
2 om,, respectively, for the saske of conveniense. No alterations have
been made for eny other values,

The nature or shape of the tension/moisture sembtent curves is
also characteristic of s partioular seil, and it is to be noted thet
the curves do not run parsllel, In generesl, towards the wet end of
the scale, moisture is very loosely held, and 2 small change in tension
is accompanied by & comparatively large change in molsture contemt,
Towards the dry range, soll moisture is more tightly held, and for
extraction of small additionsl smounts of weler, & grest ineresse in

suotion foree 1z found necessary.
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?.‘ablﬁ i
ms.m rg‘kain:&ng ﬁ&gwi‘%iﬁﬁ of fiw Im soile ast wlwﬁad

tension velues

asntimm” ef natsr tensien

—— 21 S

Tharmen fine sand
Clarion loam

Clerion fine sendy
loen

Tebster silt loem
Wbesh silty clay

76,40

42,25

1.0 3160 15,340
43,60 34,31 5.60 3,04
59.89 51,60 36,89 25.68  17.5Y 11.70 7.04
B1.34 B5.47 38.85 30.50  17.66 11.80 7.16
| 76,40 60.07 47.55 34,11 24,03 16,50 10.52
93,11 58,55 28,78 21,10 15.08




Pige 3+ Moisture retaining cspscities of fivs Yowe
Z = ¥Moisbure content on mwerical scale,
Y » gentineters of water tension on
logarithmis seale,
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Table 2 _ ’
éarbm m& nitrogen contents of the experimental materials
Material e/n

Thurmen fine sand | ; O ‘ 1l.21
Clerten losm , 1.47 0.,0015 = 0,1266 11,70
Clarion fine sandy leam  1.75 0.0082 0.15644¢ = 11.26
Webster silt losm 2.93 0.0034 0.222¢ 13,04
Webash silty elay | 2.92 - D.0028 0.23550 12&55
Corn stalk 41,18 0 - 0.5608  73.44
Egg albumin - | e 12,68 -

11‘@%&1 carhon Mﬁau inclndes M&mﬁn yin the assse of soil
samples,

zﬁmﬂta‘ expressed as percentege of oven-dry material for scils,
and of air-dry material, for cornstelk snd albumin,



Teble 3

Resovery of earbon as cerbon dioxide from soils inéaﬁza‘bad 15 days
st the moisture equiva}.mt, wth and without sdded ocornstelk

odl 1on; ' ‘ : gtalk
Seil type  COp evel- Total COp Rocovery a@z evol- Total 0Oz Recovery
ved on  expected of ved on expected of
ineuba~ on chemi- m’bm inoube~ on chemi- carbon
tien eal oxi- tion eal oxi-
e dation R detion
ngmie mgns. per eonty nEk. ngs. per centl
Thurmen fine o K
send 21.&5 2760.,0 0.78 808,02 4268,.8 11.93
Glarion loam 34,98  5390.0 0.66 360,08  6898,8 5.22
Glarion fine ;
sendy loem 69,44  6416,7 1,08 - 446,53  7924,8 5,63
Webster silt ‘ o o
losm 46,71 10743.4 043 381.48 l2282.2 3.11
Wabssh silty |
elsy 66,48  10706.8 0,62 332,356 12215.6 2,72
- ;

Celoulated from date presented in Teble 2.
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Total emounts of earbon dioxide evolved from the seversl soils,
with 1 per eent of corn stover added, during 15 days of incubstiom at
gix differemt moisture contents are shown in Table 4.

It is spperent thet for the several solls there is no regulsrity
betwsen total cerbon dioxide evelved during the 15 day incubstien end
moisture content, In faeht, no two of the five soils showed maximum
earbon dioxide production at ‘bhe sm; tension velue. In the case of
mm# sah&, activity am?mmf& greatest #t 3,160 om, of water tension;
1t was graduslly depressed with deoreasing moisture temsion, Meximm
carben dicxide evolution was exhibited by Clarion loam at 502 em. of
tension, by ﬁlvaricn: fine sandy. loem et 50 e, , by Webster sil‘)} loam at
1 om., snd by Webash silty clay st 10 cm. of weber tensicn.

The deleterious effect of incressed moisture beyend a certain
meximm is believed gemerslly to be due to 1ts limitation of aeratiem.
A supplementary experiment wes gmri’om with Webster silt losm
tneubsted in dilution bottles (5 x 5 x 15 am.) rather than in Erlemmoyer
flasks, Thus & much smaller sarfam/v@lm retio was established, but
the ssme moisture tension values were smployed for the m series of
containers, The cunulstive totsl amounts of carben dioxide evolved in
15 deys from deeply leyered and shallow-leyered soil are compared in
Table 6. It was found that up to m o, éﬁ' weter tensien, there was no
reduction in activity due to redustion in surfece/volume retio, whereas
et 1 and O em, of tension, there was a sharp drep in quantity of carbon
dioxide evelved under ineubation conditions of deersased surface and
inoressed depth of soil column,



Teble 4&

Total emounts of earbon dioxide evolved from seils (100 grams,
oven~dry basis, plus 1 gram cornstalk) incubsted 15 days at
selected moisture tensions

,‘

Thurmen fine sand
Glaiim loam

Claricn fine sandy losm
Webster silt losm
Webash silty elay

/@* |

523;39’ |
380,16
431,32
421*6&

%, darig

527,46
527,81
393,99
613,98
a12.32

446,99
316,43

418.89

426,28
449,66

deys

507,04
512,91
503,96
408,75
397..20

ion

508,02
360.03
446,53
sel. 48
332,36

563,15
299,07
416,86
370,55
322,34




Table &

Total smounts of earbon dioxide evolved from aligquots of Webster
silt loam ineubated in. é:lfi‘amﬂy aha@aa gwtas.ma

Gemtinstors of In Wﬂvﬁ; B In 509 ml, Er}mmr
weter temsion . Bxb e ek

To, r Taoubation
0.0 188,67 ‘ 451,82
1.0 409,36 ’ - 513,98
10.0 501,49 ‘ | 426,28
50.0 450,91 ' 408,76
502.0 397.08 : | 881,49

 5160,0 304,32 570,55
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- Teble 6

Peak rates of esrbon diexide evolution in the transformation of
ewmnﬁwm metter in vericus ,aawwu

Soil type agalt

of water %ﬁ% ??3&\ §§3 mﬂmu.g»\
tension ?a@iv 24 waﬁnaw A%Maw 24 wa&iu
1.0 = 28,92 . 28.63
10,0 o 75.18
§0.0 . 85,83
02,0 " 2=3 - B6.47
| 3160.0 5ed 85.66
Clarien loam 0.0 e 22,76 69 , 25.48
_ 1.0 1s2 26,38 - 23,81
10.0 0=1 . B4.33 A
502.0 " 71,28
31600 12 - 46,56
Clarion %ﬁg Maa : hﬂm ‘ o Mwuwm ‘
- sendy losm 1.0 » eI
s 10.0 2 T 81,64
50,0 " - B1.97
02,0 o=z 68,20
webster silt 0.0 4-6 52,14 ‘ |
Joam 1.0 =2 . 356,35 48 40,456
10,0 0-1 73,82 |
802.0 2.3 . 59,80
$160.0 . 52,64
Wabash silty 0,0 B 32.61
olay 1.0 1-3 29.22 . 69 53.83
10,0 O=1 88,11
80,0 b 74.84
02,0 0=2 49,57

35160.,0 1e2 45.02




Fig. 4. Daily rate of cerben dioxide evelutien fram
Thurmean fine gand on ineubstion st selected
molgture tenelong.
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Fig. 5. Daily rete of cerbon dicxide svolution frem
Glerion losm on incubation et selsoted
nolzture tensgions,
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Fig. 6. Dajly rste of carbon dioxide evelution fram
Clarion fine sandy loem on inocubstion at
selected molsture tensioms.
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Pig. 7. Deily rate of carbon dioxide evolution from
Wabash silty elay on incubstion st selested
moigture tensions.
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Fig. 8, Deily rate of carbon dioxide evolution from
- “Webster silt losm on incudation et selected
moisture tensionz. ~
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Fige 9+ Deily rebe of carbon dioxide evolution froam
Webster silt loenm incubsted in differently
sized containers (6 x 5 x 16 em.) at
selested moisture tensions,
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At 2 glven moisture tension, the curves showing relation bhetween
deily retes of Oy svelution and period of incubation were similerly
sheped for ell seile. At higher meisture tension there is a repid
inerease in the rate of CO» evelution during the initial stages of
jneubstion, and the early meximan is followsd by & repid deorsase |
(Fig. 10). The neture of the curve suggests o logaritimiec assent,
followed by & similar descent, similer in cherecteristic teo the
growth curve of micro-orgenisms,

The shepes of the curves towards sseturastion ere entirely
different (Fig. 11) from those for the drier renmge (of. Fig. 10).
The sharp pesk is sbsent snd the curves are more or less flat, In
most omses there are two pesk rates, the first ome being attainmed
during the i-imas*?r.:sf atag@ cfi‘}inwba‘hieﬁ £ge§:era11y wﬁhinzléa;ya} end
the second one st apprm%iy 6 to 9 days. The second pesk rate is
entirely absent in the scase of drier seils,



Fig. 10. Dsily retes of carbon dioxide evolution from
~ ?w Town solls incubsted st 50 om, of meigture
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Fig. 11. Daily retes of sarbon dioxide evolution frum
five Iown solls insubated et 1 em, of
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Relstive changes in the magnitude of peak rate of C0p evolution
with ohenge in moisture tension have been presented graphicslly in
Figure 12, Agein {ef. Fig. 3), tensions corresponding to 0 snd 1 om,
of water have been plotted as cerresponding to 1 snd 2 an, of water,
for the ressons stated previously.

To determine whether the pesk rete for $0, evolution observed at
50 em, of tension for soil with added orgenic matber would oceur st
the identieal tension for soll eontaining only native orgesnie matter,
Webash silty olay was incubsted unsmended for 15 days and the COp
evolved wes collected et regular intervals. Observations are given in
Table 7,

Although the cumlative CO, evelved in 16 days inoreased
m%aaudum»‘sww%www decressing gm&ﬁé gnﬁw,ﬁ__f peak rate of COp
ovolution was agsin g& et 50 am, of water tension,



Flg. 12, Pesk rates of ecarbon dioxide evolution from
five Iown soils as influenced by naisi:un tension.
X = Pesk rate in mgn, tzﬂa per &
Y - ﬂﬁi&;&ws of water“tension (legarithnia
sonle ),
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Teble 7

Bvolution of sarbon dioxide fram Webash silty oley incubated
without additioen of pewdersd sorn stover

Centimeters of  Cumalstive 00, evelution Peak rste of
wator tensien , in 16 ~£gyt . €Oy evolution
' ~ mgi. 00, mgn, C0,/24 hours
1.0 | 90,76 | o 9.99
10.0 o - 81.64 o 17,45
50,0 73,78 | 17,60
502,0 . BB.48 11.34
940,0 53,86 9.41




48

It was considered desirable to investigate the effect of waetere
logging of & soil on the rate and extent of liberation of sarbom dioxide
during ineubation, Air-dry Zebster silt loam, in quantitiee egquivelent
to 100 grams on an oven-dry basis, was mixed thorsughly with 1 granm of
finely powdsred corn stover end then placed in Erlemmeyer flasks. The
surface was levelled, snd 100 grems of ecoarse guertz send, free from
orgeniec matter, was spread evenly on the top of the soll, Such e layer
of querts sand was used to keep the soil in positien with the corn stalk
powder, which would otherwise flost to the surface, The contents of the
flask wers .sﬁ@uﬁ#wemaon %0 ebout 5 am, above the soll surface by
sdditien of 180 ml, of cerbem diexide fres distilled water, Flasks with
their econtents were then inscubeted in the usual fashion,

Data on carbon dioxide ,ad&aﬁg from sw.waﬁiwa@% soil sre given
in Table 8, It may be seen that the rate and extent of carben dicxide
evolution was extremely slow in iﬁ.waﬁiw@m% soil., In the presence of
gﬂr&wa senditions, other voletile products, as methans and hydrogen,
and orgsnic acide may .aaaﬁug the &ﬁ&w@aﬂa&wmg of organic matter
{17), snd the ecarbon dioxide evelved ggu for only 8 part of the
totel earbon trensformations under water-logged conditions,.

The peak rete of cerben dioxide evolution was fournd te oecour
after € to ® days of ineubation, This incidense corresponds to the
sscond peek rate of carbon dioxide evolution observed in the case of
most soils when incubated at m.aﬂ moisture tensien {ef, FMg. 10).
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mm: &

Evolutien af m‘bm ﬁm&u frm Ws’bmr ﬁ:ﬂ: loem when mwmw
' under mﬁwieggaé eonditions

Days from NhEE };nmbmgm - COg | Dally rate of
starb  perled lberated  COp evolutian
Rours T e 60, ‘mm

1 0-16 0.55 0.57

2 15-39 1.54 1.54

3 5863 . 8,78 T 3.78

4 B3~87 5,32 ‘ 5.52

8 87-185 15,86 7.83

9 135207  51.56 10.52

12 207-278 28,71 9.57

15 279-360 52,97 9.77
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Table 9

Cumlative tobel carbon dioxide evelved from solls at censtant
and st abruptly chenged moisture temsions

oo iy

Seil type e Tor 5 n Tor T days, 0w Tor
15 days then 0 em. for 15 days

Thurmen fine sand BO7 .04 381.80 343.26
Webeshk silty eley 415,44 400,07 421,68




Table 10

Evolution of earbon dioxide from Thurmen fine send and Webash
silty olay Sncubated at & moisture tension of 50,0 sms. for

15 days
Days frm Moisture Incubation 3@ Daily rate
start tension w&nﬁ ‘ Iﬂa@ratei of COoevolution
ome, hours ' ngns. npm./24 hours
1 80,0 O=24 56,18 56,18
3 b 4872 - 70.54 70,54
4 » T2=~96 58,60 o 65,60
9 * - 144-2186 69,86 25,29
l2 " 218288 45,87 14,62
h¥:3 » 288-360 40,45 13.49
- Wabash Bilty Cla
1 50,0 0=-24 64,69 - 54,69
2 . 24=iB 64,87 84,87
3 " 48«72 62,34 52.34
4 = 72~-98 38,40 38,40
é " 96-144 68,77 - 27.89
9 » 144216 51,62 17.17
12 : 216-288 62,82 17.27
16 '

288360 46,13 16,04




zam 11

Bvolution of cerbon diexide from Thurmsn fine send end Wabassh
silty eley incubsted st 0.0 om, moisture tension

start tension = period 1ibersted COp evolution

0-15 4,32 6.81
15+39 24,22 24,22
| 39-83 22.10 22,10
83-87 21,09 21,09
87-136 47,86 28,93
136-207 80,40 26,80
207279 80,35 26,78
279-360 . 62,92 18.64

Bebash Silty Clay

016 3,90 6,24
16-39 16,07 16,07
30-63 25,40 25,40
6387 29,50 29,30

. 87-135 84,63 32,52
- 185+207 97.83 52,61
207-279 93,54 $1.12
279~360 91.24 27.03

ot Jot ‘
O1 2040 & i D8 B
ﬂanaﬁaa?

i A0S
#8533 82 ﬂ?

WO




Table 12

Bvolution of cerben dioxide from Thurmen fine ssnd snd Wabash
#ilty elay ineubuted ot molsture tension of 50 om,
for 2 éuys, then at o o, ﬁw faﬁwing 13 days

Days frem  Molsturs  Incabatiem GOz mxy rete of

‘start  temslem  peried 1ibersted €0 evolution
ams, hours ‘ mge, m.?u hours
1 50.0 0-24 56,18 56,18
2 " 24-48 85,83 86,83
3 0.0 48472 32.61 . 82,61
4 " 7296 23,16 23,16
™ = 144~216 43,36 14,45
12 " 216-288 54,17 18,06
16 " 51,40 17.18
ty Cley |
1 50.0 ; 54,59 54,59
2 - 2448 84,87 64,87
s 0.0 4B=72 11,94 11,94
4 “ 7296 13,50 13,89
6 " 96-144 42,18 21,09
9 " 144216 76,68 25,56
12 . 216-288 67,81 22,60
15

288-360 68.41 22,80




Fig. 13. Dally rates of carbon dioxide evelution frem
Thurmen fine send incubated under comstant and
: abruptly amm moi sture tensions,
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Fig, 14. Daily rates of csrbon dioxide evelution from
webash silty ¢lay incubsted umder constart and
sbruptly changed meisture tensions.
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Mineralization of Nitrogen in Soil at Differing Moisture Tensions

Observations on mineralizatlion of nitrogen in soll were limited to
Thurman fine sand and to Wabash silty elay, both with 2 per cent egg
slbumin sdded. |

The extent of minerelization in these soils during 1, 2, and 4
woeks of incubstion is shown in Tebles 13 end 14, The values recorded
are the aversges of 2 te 4 replieste insubstion flesks,

In Wabssh silty eley, there wis nene or else only very litile
emmonis lost by voletilizetion, Feilure to sollect the smeunt volatiliged
would net have affected sppresiably the totel emeunt determined, JIn
Thurmen ssnd, however, the losses by voletilizetion were large. At
four weeks, the smmonia volatilised sceounted, in the mejority of
instences, for more then one-third the totel amount formed, Without
taking inte soeount the mmount lost by veolstilizetion, the mesn -
difference hetween replicutes at four weeks was 15.63 mgn, of esmonie
nitrogen. When the loss was taken into scscount, the mesn difference
was 2.66 mgm, The importence of determining the emount volstilized,
both for sccureey in the total, snd in obteining agreement between
repliestes, is readily spperent.

Considering the totsl mimeralization ooourring in the two soils
under differing woisture tensions, depression in rate of minerslizstion
is seen both toward the dry renge (3,160 om. of tension) mud toward the
wot range (O to 1 em. of tension). The differences with moisture
contents ere significant only in the earlier periods; they tend te
diseppesr with longer pericds of inoubstion. AL the end of 4 weeks,
the amounts of nitrogen minerslized were practically the seme under all



&8

MIWC trea e

ﬁﬂ‘&i | | | ‘
The maximum rete of minerslization of nitrogen in both soils

coourred et 50 om, of weter tensien, Such o maximum is in agreement

ts. This was especially true in the cese of Thurman

 with results obtained during the courss of carbon dioxide evolution
studies, |

There was no nitrifiostion of significance in Thurmen fine send
even ot the end of 4 wesks of incubation. In the ense of Wabash silty
olay, there was little or no nitrificstion up to a peried of 2 weeks
wnder sny moisture treatment, it the end of 4 weeks, however, part
of the nitrogen mineralived wes 4in the form of nitrstes (ineluding
mitrites) in the case of smglw inoubeted under 10, 50, and 5§02 am,
of water tension, There wes prastically no nitrificetion at ¢, 1, and
3,160 am. of tension.

Camparison of velues for totel m&@emlisaﬁm of nitrogen in the
two soils shows that organiec nitrogen sdded to Thurman sand in ths form
of ngg albumin iz more umplﬁbaiy mineralized then is that nitrogen
edded te Webazh silty olay.

Cemparing values for total mineralisation obbtained st 2 eand 4 weeks
for o1l moisture trestments, it is seen that at the end of 4 weeks, the
velues for minerslizetion in Wabssh silty olay under moisture tensiems
of 1, 10 and 50 em, of water are distinetly inferior to the walues
obzerved for these tensions at the end of two weeks, Apperently,
nitrogen already mineralized has been lost., The loss sannot be explained
by volatilizetion, inasmuch as all emmomia woletilized was sgubjeet teo
sbserption in collecting tubes. Nor is there any reasen to believe that
eny sppreciable smount of nitrogen would be lmmobiliged by the seil
organisms, in the absence of any sbundant supply of energy materials,
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Teble 13

Formation of emmonis end nitrste (ineluding nitrite) in Thurman
fine sand smended with 2 grame of egg slbumin and inoubsted for
1, 2, and 4 weeks at &iffer&ag nolsture tensions

Troubstion Neoisture RHgel Toz-N in 7Total mitrogen
pc!‘iaé tension In the ’%Iwkh Totel +he soil mineralised
_soil  ltsed
ams,  mgms, mgus,  Mgns,  Mghs, ngus,
1 week 0.0 §3.63 0,38 84,01 0,60 54,61
n 1.0 57.55 0,38 §7.91  0.00 57.91
» 10,0 105,48 1,05 106.51  0.50 107.01
= 50.0 122,84 3.71 126,55  1.20 127,76
» 502.0 101.72 4.54 106,26  1.70 107,96
" 3160.0 89,15 3.45 92,58 1,20 93.78
2 weeks 6.0 165.83 3,00 168,85  1.95 170,78
" 1.0 161,79 2.06 163,85 0,60 164,45
. 10,0 174,07 10.64 184,71 1,80 186.21
" 50.0 147.41 42,06 180,47 1.40 190,87
" 502.0 137,52 30,71  168.25  2.40 170.68
" 5160,0 151,23 33,97 165,20 1,95 167,15
4 wesks 0.0 191.76 15.58 207,33  1.20 208,58
. 1.0 171.82 34,38 206,20 1.80 208,00
" 10.0 138,42 71.98  210.40 0.9 211.%
" 50,0 185,12 71.85 206,95 1.3 208,30
" 802.0 135,42 64,94  200.36 3.3 2085.66

- 3160.0 118,08 87,58 205.61 2,70 208.851
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Table 14

Formation of ammonie and nitrete (ineluding nitrite) in Webssh
silty clay emended with 2 grams of egg albumin and ineubeted
for 1, 2, and 4 weeks at differing moisture tensions

Tooubstion lelsture WHg-N _____ HOg-N in Total mitrogen
perfed tension In the ’%’a}.atiu Total tha soil mineralised

ﬁﬁ_

mS,  MgmS. m T HgmS.  MEghs. mEmE, .
1 week 0.0 78.66 mil 78,66  1.21 79,87
. 1,0 141,61 " 141,51 1.61 143,12

" 10,0 145,12 " 145,12 2.41  147.5%

. 50,0  147.57 % 147,57 35,00  150.57
" 260.0 142,88 " 142,88 2,11 144,89

» 502.0 142,51 " 142,81 1,20 143,51

" 3160,0 118,04 0,87 118.41  1.36 119,78
2 weeks 0,0 122,64 mil 122,68 1.50 124,04
» 1.0 14851 * 14551 2.40  146.91
» 10,0 145,88 " 145,36 6.66 150,92
. B0.0  159.23 " 159,23  4.43 163,66
®  260,0 157,88 * 157,88 376  161.64
. §02.0 166,80 "  155.80 2.10  167.90
" 3160,0  147.70  1.50 149,20 0.00 149,20
4 weeks 0.0 150,08 0,60 150,68 1,50 152,18
. 1.0 132,38 0,57 132,96  1.568 134,35

" 10,06  108.66 0,60 109.26 20,32 129,58
" 50,0 126,84 0.562 127,56 22.80 150,16
" 260.0 144,38  1.06 145,43 27.92 173,36
. 502,0 156,68  3.04 159,78 17,38  177.11

. 5160.0 161,34 2,55 168.67 1.80 165,47
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Aotivity of Importent Subegroups of Soil Miero~orgenisms st
Differing Soil Moisture Tensions

?@__ulaﬁg changes |

'Eierémeiegimi anaimﬁ of incubsted soils showed that the?e #i'e
differences in the mmbers of fungl, sctinmyocetes, and baoteris, not only
between soils differing in texturs snd ineubated ot eguivslent moigture,
but alse within aligquots of sny one soil incubated at differing tensions.

Mierobial numbers determined for the five experimental soils
incubsted for & and 16 deys at O om., snd 3,160 em,, of water tension
are shown in Teble 15. At both O end 3,160 om, of tension, Thurman sand
showed more Tungl on culture than eny of the other ssils. The greatest
manbers of besteris, however, were observed in Webash silty elay, For
all sedls, the populetions determined were greater in those portions
inoubated et 3,160 om, #f,mr t:msimtm in those inoubated at O em,
of tension.

Suffielent replicates were available on Webster silt losm incubated
in bettles to permit m&.@a’mﬁogim snnlyses. The data acowmlated in
these studies are presented in Teble 16, It was sgain found thet the
manbers of each of the three importsnt subwgroups of soil mioro-orgenismes
were much greater in soil lots inoubated towsrd the dry range than in
those inoubsted st or near saturetion.

Daily rates of sarbon dloxide mxm% a8 previously reoorded,
had indioated that meisture at kﬁﬁy em, of waber tension provided soil
oonditions most desirable for miorobiclogieal activity., In the data on
niorcbial numbers, there is no indication that 50 em. of water tension
provide optimal oonditiens., This diserepancy will be considered in the
general discussion below. ‘ -



i‘uﬁi& 15

Kiw'obial mmba?a determined amr 5 and 15 days of inoubation
&t moisture tensions aqa?i;ﬁ: to O and 3,160 centimeters
, , , o oy _ ,

; ay‘ SEd ;,7
thmm&u yar

it O tamam

”

ﬁmﬁmm

e
o
o0

122
77 28

128 46

Clarton losm

e 88
i
5
4% 83 85

Clarien fine sandy
loam

Webster silt loam

Be of
B8 8B %4
=

5
Y
]

&¥

&Mth #ilty elay

Bl 57

53
w
8%
2
8

At 3,160 em, tension

Thurmen fine sand 6,000 11,700
7,600 10,400

Clarion loem 243 420
240 870

Clarien fine ssndy 127 320
loam 147 | 380

Webster silt lomm 253 620
‘ B &< 4 610

wabash silty clsy 150 620
167 730

81 38

88

72 145 113
122 85

133 280 220
70 296 230

62 143 148
77 138 167

9% 16 360
297

8% BY 82 &%
g

2
g




Teble 16

Mierobial numbers determined for wabatar a:llt hm u!mz inmbema
ot sslwb@& nof sture tezasims

Molsture tenmsion
equivalent in am, _
of water '

o

1

10

50

500 : 113 463 4.6 28,0 85 105
104 517 s8.8 27,0 131 110

5160 107 593 76,1  €7.0 105 97

10 517 55,0 50,0 140 110
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B Reguin

inooulation on sterilized solls

 fellowing their

In the previous studies ~mpléy?mg mstarﬁized soils, the smount of
carben &iexs.da evolved during S.nmm&m wis the resultant of the sotivity
of the meny members of & heterogenesus soil pm&&t&m; To determine
shothnr different su‘bugrmpa of n&ﬁmm’g&a&m wore ﬁiagwpw’biw«%ﬁy
affested by differing soil nolgbure m:im, gmra cultures of soil
orgeniasms were maam into s'*kar!.iimé w&}.x.‘, Inecubetion of soils

| and coi’lactian of carbon dioxide evolved were carried wt in such a

menney that any farther emmﬁtiw of the inoeuleted solils was avolded,
| Wﬂm: with i1solated mltﬁras mm mea m izz Yiebster aﬁt loam
‘and ot moisture tensions of 1, 50, mnd 3,160 em. of water,

_ Almost without exosptiom, uninceulsted oentrols snd sxperimentslly
inoculated solils remained !‘rﬂr of mmm-.a:i am&t‘ien. In one
experiment with aet&nmeﬁu; for which i&ml%s are rosorded below,
the flssks wore feund comtsminated with Mﬁﬁu at the end of 15 days.
An ebrupt change in the éﬁly rete @i‘ ﬁ&z evolution after six days
indieeted the pmbu’bia time st which @Wﬁtsﬁmﬁ& oocurred,

The extent of carben dicxide evolution from uninooulsted, sterilized
Webster silt loms is shown in Table 17, These results indleste complete
: l’bmii:tkim The amounts zﬁmm& during the first few days were
doubtless pnsem in the mz and 4n the econtainers at the time of
establisiment. | |



E’a’tﬂ.ﬂs 3.’?

'mm dimu ovalved from mﬁ.mealat&, mws%erﬂim
Webster silt losm

" Heurs of imcubstion “Mgn. 00y evelved

0=28 | 8.77
24 - 48 | 1.39
@ - 72 S 0.10
7296 0.0
96 - 144 | 0.0
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The totel smounts of sarbon dioxide evolved and the peak retes of
evolution by representative soil misro-orgenisms st selected meisture
tengions ere pmmw §n ‘f&b‘mn 18«21, inelusive, The corresponding
tﬂtal Mu&a previmﬁy determined {ef, Table 5) for matsrﬂimd soil
are ulw entered for purposes of ready warisaa-

It is observed that ameng the groups of misro-organisms studied,
fungi exhibited the maximum wi:iﬁt:r,_ f@ﬁm& by the sotinamycetes,
and finally, by fha ‘bacterin, The letter twms groups mre'aspee:{uny
favored by deereasiug moisture tensiens in the soll, It should be
noted that the higher velue for earbon dioxide eveluticn et 3,160 om,
of tension than at 50 em, in the ocuse of aotinomycetes wes due te
centemination, as rewealed culturally at the end of the ineubation
period, The conteminants were Gremenegstive, rod-sheped bacteris.

The evolution af carben dioxide in the omse of bacteria was
greatly depressed at e moisture tamm of 3,160 em., tut was
hwaingly fevored with ﬂ&m:ing moisture tension up to 1.0 om.,
‘&8s shown both by total Wta and pesk retes of earbon dioxide
evolution. The sotivity of fungi on the other hand remained neerly
constant throughout the entire meisture renge studied, If anything,
it was fevored toward the dry r’aaga, or 5,160 am. of water temsion.

It is found, however, that in no insbtsnce do any of the
inoeulsnts, separstely or vemmaé, show the ma::im pesk rete of
sarben diaxi&a evolution at 50 em, of M,@r tension, such as is shown
- slmest without exception in unsterilized soil. In the oase of bacteria
snd actinomycetes, the wvalue for paak rate inoresses with decrsase in
moisture tension, in the case of fungi, it remsins fairly constant,
and in the case of m’i‘;méi eultures {fungi, becteris, and actinomycetes),
it shows & tendency to rise with ineresss in molisture tension.



Table 18

Bvolution of carbon dioxide from Webster silt loam following
inoculetion with m@m.-m sub=groups of mioreo~orgenisms

Hoisture Total 0Oy libera- FPeak rate of
tension Ireatment ted in 15 days C0p evolution
oms, BgR. wgm,/24 hours
1,0 Sterilised and inooculated
with baeteria 108,79 19,19
» Sterilised and incoulsted
with actinomycetes 194,55 20,13
hd Sterilised and inoouleted
with fungl 276,956 49,32
. Sterilised and inmlaﬂé
with basteria+f + '
eotinmmycetes 316,19 49,40
" Unsterilised soil 613,88 36.38
50,0 Sterilised and inocenlated
with becterie 88.83 11,31
* Sterilised and inooculated
with actinemycetes 127.86 10,62
hd Sterilised end inoculated
with fungi 247.23 48,93
. Sterilised and inoeuleted
with besteria+fuangl + -
astinomycetes 298,17 §0,.29
" Unsterilised soil 408,75 78.45
3160,0 Sterilised snd inoonlated
with bacterie 21,69 2.24
. Sterilised and inooulated
with actinasycetes 228,16 28,64
" S‘kerﬁuoa snd inoeulated
with 308,92 49.43
" Sterilised mﬁ Incouleted with
bacteris«fungl ractinemycetes 305,00 61,28
o 370,58 52,64

Pagterilised soll




Teble 19

Evolution of earbon dioxide from Webster silt losm ineubsated et
a moisture tension of 1.0 om., after steam sterilization and
- re~inooulstion with impertm typez of soil argmim

Xng:?im . aez lwamts& Miy rate aﬁ‘ mlnﬁim
y " m@‘ WQ /’24 W
0-2 25,39 12.70
2e-4 38,37 19,19
4 %8 15‘?4 9,87

12 » 15 ﬁ.gl . 20?4
O -2 31,05 15,53
24 40,26 . .13
4 -8 36,54 is. 27
8~9 32,82 10,94
g - 12 gatﬁi 9‘5‘*

12 - 16 285,28 C o Be43
0 -2 66,33 . 33;1’?
2 -4 98,63 o 49,352
46 37.69 , 18,80
6 -9 52494 10,98
9 -~ 12 26,20 8,43

iR - 15 25&1? o 8.39
2=4 93.% - 49,40
4 -6 . 88,92 . 32,98
6~9 46,02 15,34
9 - 12 4,82 11.61

12 - 16 33.82 11.27
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Table 20

Bvelution of carbon diexide frem Webster silt loem incubated at
& moisture tension of 50.0 oms., after steam steriliszetion and
re-inooulation with important types of soil organiems

Tneubstion perfed  00p libersted  Daily rate of COp evelutiom

“days ngm, T mgm,/24 hours

4.99
7.88

.5
6.14
4,62
2.74

hoosamo
EEEER
o

8,32
8.26
10,62
9.72
8,65
7.48

RNoowwmno
TEEEE
[ 8.

16,78

48,93

22,35
9.02
8.28

NOODPPD
R IR 2 BN A

ot et D0 o DO

— .
L3 ]

Bacteris + Fungl + Aotinamycstes

24,17 12,08
100,57 50,29
61.43 30,72
36,57 12,12
3‘0??3* 11.87

3RO B A |
o el 80 0 e 1D

Pooamo
o Do
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Table 21

Bvolution of carbon dioxide from Webster silt loam inoubsted et
a molgture tension of 318040 ems., afber steam sterilizetion and
. re-insouletion with important types of soil organisms

Inubetion peried GO liberated  Daily rate of COp evelution

g ﬂ%t\aw.# hours

5.32 2,66
1.17 0.59
1.00 0,50
f 0.68
Budd 1.81

2,24

Rooeno
LRI B R A
b 0 O i B0
by
]

<
e
ot

81 1,81
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Prom the values for cumulative total 0Oy evolution, it was observed
that a mixed m}.’care af basteria, ae‘h&ngmyce’kaa, and fmgi is more
efficient in the breakdomn of argwio ma%ar 'hhan is any sing}.e group
acting aleme, The mues for ma%ﬁlixaé #0ll gzo even higher, no
v&mbe due to the existence of a mafbar mﬁaty of m iemrg&aime.

A ?.argo preportien of the totel sarben dioxide libersted was acoounted
for by the activity of the mngi a&m:m.« The ditrarmeg between the
values for fungi, mixed oulture, end the genersl miorofiors found in
unsterilised seil tend to diminish with inoressing dryness of the seil.
At & tension of 3,160 em, of water, fungi alone were apparently
respensible for most of the earben dioxide evelwed; the other groups
of misro-orgenisms appesred nsarly ineetive, | ‘

Pigures 16 to 18, inclusive, show the relative activity at differing
tensions of sell moisture of representative soil fumgi, actineamycetes,
and bacterie, end of the genasrel seil mloroflera (i.e., unsterilised
sell), as revealed by sarbea dicxide evelution.



Pig. 15, Belebtive motivity, as revealed by earbon dloxide
- ewolutien, of representative soil fungl, sotine-
myestes snd becteris and the general miercflora
{i.e., unsterilized soil) when inooulsted in
Webster silt loem mainteined at 50 em. of water
tension, ' ‘ ' : ‘
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Pig. 16, Reletive activity, as revealed by cerbon dioxide
, evolution, of representative soil fungi, aotino=
myoetes and basteria and the general microfiora
" {4e@s, unsteriliged soil) when inooculated in
Webster silt loam meinteined at 0 am. af‘
water tensien,
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Fige 17+ Relstive activity, as revealed by carbon dioxide
- ewvolution, of representetive soil fungl, sotinc-
mycetes and bacterie and the gensral mierofiora
{$.e, unsterilized soil) when inooulated in
Webster silt loam mainteined et 3150 em. of
weter tension,
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Fig. 18, Influence of varying meoisture tensions on the
activity of representetive soil fungl, actino-
mycotes end basterie, as revesled by carbon
dioxide evolution, when :mmlm in a‘terilimd

Es’hﬂar silt loen,
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influences the qualitaetive nature of the soil miecroflora by modifying
the physicel and chemical nsture of the enviromment, With this point

of view, there need not be expected striking similarity in the emounts
of earbon dioxide produced from differently textured solls, In many
instances, the total smounts of gus produced, end not the rates of
evolution, have been taken to indioate suitable soil moisture conditions,
and it is not surprising thet seperate investigators have resched
dissimiler conslusions.

When daily peek rates of csrbon dioxide mﬂﬁﬂ&»& are sompared,
there is seen a tendency for all the soils employed to show maximum
rates of evolution at their respective moisture econtents equivalent to
80 om. of water tension. The mineralizetion of added organic nitrogen
in Thurmsn fine send end g;a@»mw silty olsy .ﬂ.n. noted 88 more rapid
et this particular temsien than at any other moisture tension employed.
The cecurrence of peak m&.,ww, rates of earbon dioxide evelutien and of
maximum trensformetion of added orgemie nitrogen et 60 em. of water
tension is interesting from the standpoint of the scll snd water
physieal relationships., 50 am. of tension represents the seration
porosity limit, end it is at this tension that the soil mieroflorsa is
provided with ﬂwg thickness of moisture film around the soll perticles
while at the same time soms porosity is available for aerstiom.

.Emwmqeﬁgu noted in osrben dioxide evolution from wet sefil
following alteration of the surface/volume retic by use of differently
shaped centeiners smphasize the importance of seration on the sctivity
of serobic micre-organisms in wet solls, In the cese of somparatively
dry soil, the surface/volume ratio sppesred much less importent besause
there was much greater air space, Water~logging of Webster silt losm

resulted in tremendous desrense in oerben 4loxide evolution, ne doudbt
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due to a limiting ia_upp}y of oxygen.

Pure culture studies employing stesm-sterilized Webster silt losm
indieated that the cemplete native soil population was much more
efficient in tha disintegration of x@rgaxﬁa metter then were auy single
groups of miercbes esteblished by inoceuletien, The only sﬁmtian Wo.E
in the case of camparatively dry seil (3,160 em. of moisture tension),
wherein the fungl alons acsounted for most of the serben dioxide evolved
by the netive soil populstion, while the bacteris and setincmycetes
showed very 1little astivity.

Studies anl the mineralisetion of egg elbumin ylelded certain
observations on which comment san be made, The lasck of eny nitrifieation
in sand at the end of four weeks is no doubt due to the toxieity of
smmonis on the nitrifying orgenisms. Witrification in olsy, on the other
‘hand, mey be explained by the assumption that ssmonia was held in the.
sxshenge positions of clay and wes therefore less toxic then free
ammonis in the sandy soil,

'The loss of apprecisble smounts of nitrogen in some unknown way
was noted in the case rer"elay 604l after 4 weeks of inoubation st 1,

10, end 50 em, of water tension, Horeover, thia loss aeppeared to take
place only in seil where nitrifiestion wae occeurring. Wwhether this loas.
wag due to blologieal activity or whether it oecurred during chemieal
anelyses of the samples is unknown, Wilson (48) hes noted that miero-
organisms reduce nitrates teo nitrites and that this nitrite is free to
resct in an scidie enviromment with such substances ss smines, emides
snd certain compounds conteining salphur with the result thet gaseous
nitrogen is liberated. |
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In the present study on mineralizetion of egg albumin in soil,
nitrites may be assumed to be an intermediete produet in the nitrifica-
tion of smmonia, But in the presence of & large excess of wmnonia from
the deoomposition of egg albumin, the envirommenmt will be alkeline
rether then secidic, There remains a possibility of nitrogen loss
during chemieal snelysis of the soil; during the smalytical proeedure
dilute hydrochloric aeid and potassium chloride ars empleyed for
extraotion of soil, in which there msy be sn acoumulstien of breakdown
products of protein, such as emines eand amides.

Corbet (8) showed hypemitreus seid ss an intermediste compound in
the blologiosl or photochemical oxidation of smmenia te nitrous seid.
‘In routine enalysis of soil, exmonis is estimated by distilletion with
magnesia and eolleotion in standard soid, MB nitrite and nitrate
together are determined by messurement of the further smmonis liberasted
on distillation after reduction with Deverda's elley. Hyponitrite ies
not estimated during suech analysis, a8 the nitrogen is lost in guoein
form on warming.
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SUMMARY

Five !m soils d!.ft&rixag i.n *ba:::mru were imbatod under stanéar&
omditimc st meiwttxn tumiom af 3,169, 502, 50, 10, 1, and O mtiw
meters of watar in nrécr te aiméy the effa«t of soil ﬂoiature tcmhm
upon niaro‘biolegim tﬂiﬁty.

Moisture Mﬁning eapmities of Thurmen fﬁ.m send, Clarion loam,
ch.rim fine nndy lm. Webster silt lomm, and ¥abash silty alay were
determined, !la&stura mtm st any giveza tmz&m inereased yregnuinly
for thou soils in the order nsmed, The wbea/uitmgm ratios of all
solls were of :mxar order and mggutad that thﬂ;tr native organie
matter was in an advenced stage of dnmpenit}.om b

Rate of earbon dioxide mlut&en fellw&ng additim of one per oent
grmd corn stover, minanlimt&m ci’ arg«ml& nitrogen following
addition of two per cent egg al‘hmin, snd population ohanges in the soil
mioroflora as revealed sulturally were taken as oriteria for micre-
blologioal activity.

Cerbon dioxide evolved from experimnental soil lots was collected
contimaously end was determined sfter 1, 2, 3, 4, 6, 9, 12 and 15 days,
The moisture tension st which the maximum cwsulative totel emount of
esrbon dioxide was evolved during 15 days differed for the several |
soils, Ho two soils showed totsl cwmulative maxims at the ssme molisture
tension. For sll soils, however, the peak daily rate of carben dioxide
produstion was observed ‘at or very mur‘ 50 om, of moisture temsiomn,

Alterstion of sirface/volume rstie by use of differently shaped
inoubetion containers led to differences in oarben dioxide evolution
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from wet soil. TWith comperatively dry seil, the surface/volume ratio
sppeared less importemt.

Mineralisetion of ogg elbumin was studied in Thurman fine send end
in Webash atl-hy eley, with MGmimﬁma of smmonie, ané nﬂrﬁ.ﬁ and
nitrata nitrogen h&ing made az!‘tsr 1, 2, and & weeks. Biffcmccs in ﬁm
Mu of mmmumm ot &ﬁ,z‘fﬁﬂng mis%ﬁn tensions uere appmt
m&y during the ﬁmﬁt m or two of inmeubatioen; theg du&ywad as the
inmms.an period was ammad to four weeks. rwbe af
mmi‘lmm of gi‘kram in ‘iwth sml ocourred at 50 cm, of uwittart
mcim.

Ehom’ wae a@aﬁ.‘&e‘mma loss of smmonis from the sendy ;aii due to
voletilizetion but there s 1&%1& or no lms fram the silty eiag soil.
Mtneu&,tstﬁm of organie nﬁzr@@m whEs mm amiﬁe in !‘humn sand
than &n Hubuh silty s!.ny at i'-ha ond s&f Tour MS of :Eam‘lm‘kim.

lliwa’&&ﬁagie&l ms!yaca ‘by mwa aethe&a r&mm Mfi‘um«»
in *khc uhmﬁmn ef miemmﬁ groups both et é&ffﬁﬁng tmims of
m&.m within the ssme !ﬁil a8 mn &8 among ths scwm soile when
mmmd st tha am MBﬁam *&ma&a&s It is mmwe tha:t éii’famm
in :zu-mn mulatim 1n soils ere 8t least parﬂy mcgwdbh for
M.ffmu in the m&aﬁm w&ﬂ m‘&: of mm éiumi&u wolm
frm the mral mﬁs.. ?ﬁaﬂ mltﬁw s%u&icx with bacteris, a«kine-
Wn, aad mg‘ in l*hmﬂmﬁiim& ﬁcbﬁw ail’b 1&&& ahmd thuk the
wtiﬁty of Mgz &8 shown by mm dioxide m’intim, remeined fairly
ammt ﬁm the mge of mim tensions mplwoé. wm dimtéo
pwuéu&'kiaa by Mﬁt and aﬁinm‘kn WS gnaﬁy depressed ‘ath
inmm in moiature uﬁﬁm. Miercbial gm};aﬁm, hm. were
found to be gru%;sr in the driﬁr &ai}x.
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