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IavleoLyllion

Tosrs is 2 rerked tﬁanJﬂy in fzrlzultural crectics
ciard tns uss cof mcre ccnczantratzyo, and cf <rsz2ter guan-
titizs cf reetilizzrs, ln tos ssaech feor concentratzd
plant foed carricrs, urs2 azturally caws vuvse ccousidsra-
ticu 23 1t nas lcnz baau g0Cq4n Lo €xist naturally 20d sr-
tificially, ps3 a2 plzu bitrc2zo ccnbznb, 20d 1s 2asily

caarzzd Lo ctase ccipounﬁs.
Jez2 023 tos _ N2tlaUl, usu3ally
wcitioen 28 UU(ri2)2, ana 1s frsguzntiy c3llza Carozeive,
1t carrics 43.¢70 vlevcsien cr o €5 Lfewcuia, whicn 13 acu-
cls taz eicunt of Liicni j BraChiliu i

i cy u
L0s 1030 zonzznoraczd Nibrcsgza Cz2rrlisr 1n COwiOD U2 33
s

9 fertilizze., L3 margsuzsd by a Csri2a filcw 16 13 Suarzsn-
tezd tc carpry 4dox ditecosn, L0 is thus orzpzrad ccuasr-
cially guits fres trca iwguritizs, Lt iz MGJifatily hysirc-
s2Ccplz 2nd r3adily sclucls in all progortions in waich it
aculd oz 23dzd to thz scil.

in tnu fizld an0d 10 ocis 1o Szrawzpy 2ud CoLner iurcese
i 102 Los lesc s2vaezal vy
in b

z o
tonis ccocuaory frca tos visa-

CNRiJEracls acri nzs osn dons wibn vrsa cu Icils
0

Ccuctrics. I

Cclzran (12)* rzcortsd tnst bue adaition of J72% of

* Reference is made by nurbers inm parenthesis to Lii=-

eraturs Cited, at enrd of paper.
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urzz tc tns scil rstardsa nlorilfics
Tacge (4¢) found thnut urea was 23 gccd as Sodiue Ni-
trats oa a nurosr of crogps.
faszloott (17), nowcver, found ©
intzrice te scdium Mivrats, in an sxtsnsivs, [1vs ysars
330 «1tn a nuwose of crops on ssversl sci
Stubzsr (42) ia sactase Fivs ye3es' t:2
3ia 831d o0zt ursg w2s 83 200U 23 Sodiuw M
CroNs apnd wes 3Ven Cstise Cn ©oLICCl., Un C2i

L
raeovery of wigrozzsn [ecs urs2 tnz2n Lros SCllus Nigrats

ceza (1¢) wiects tn2t ursa w233 feca bisz-titrczzn
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nly narae taat w2y czzur 13 tons gcssipilicy cf
¢ L ; i ] y C3 foresa 1n Cals

£

L

liza, vca Jaucuses, 2od Lliflan
\
L

n
Ursa nds3 &3 2CCa 93 30y of ons

21vs and comorsnznaivs
nat 10 w23 oracbically 23 Zicu
in octn pobt and [fizlo

szt of caczrinsnos, 3hcase

23 20y cf tns vloecs

(!‘

Q

o

Ly

3

-
w

L

(7]

-

Foxcroy (27 3aid tnat uree =3vs 2ccC suJbs wbzan
rvino 33 2 scurcs of octa Mitecszn ana Cardbon for cr:
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vaqa dacrsvsld (12) statzsd tnat ursa 2ave a3 gocd re-
sults 33 lwwoniui Colorids, a3 a fzrtilizsr. tSHcazver, it
lzacaszd frow Java soils in srestse quantitiss tosn Lualn-
iuy Colsriaz did, and ip apcut trs s272 juankitizs as ©c-
dium slibrats,

lo vuis ccuntry tns wost sxtsusive zxosrinzubs rooeri-
cd wioh urse wsra oy Elliscn, Erstae, 30d wohacorsy (1)
Tney u3sd ursa sio-ly s0d 1o GOwoila301Ch, 2LlCn2 witl 8 20340
nueose ci ctosr sitrczzn caerises in f:celd tests, ccnpering
their relative efficiencies., These experiments werc con-
ducted thrcugh several jears, with ccttcen ard ccrn,  They
surnarize their results as fcllcws:

"Urea seers to te as realily availatle azs Soiium Ni-

trate ard1 equally as 3cod in all respects as any other na-
terisl used, Since urea is an excellart naterial physi-
cally 2ni leaves nreither a tasic nor aciil residue in the
scil it should frove to te an alnost ileal Nitrcfen carr-
ier for all types cf soils."

£1liscn, Vliet, Seinner ard Reid (2) 2lsc repcrteld
the results cf scuwe Jrzenlicuss experirents in which thej
fcund that urca Zave about the sanc results a3 Scdium Ni-
trate, Anmcniun Sulphate, Ampcrnium Mitrate, Calcium Nitrate,
and Auncniated Cuperphesphate,

McCuinn (2C) shewed that there is no hare to the der-
riraticn and early Zrewth cf several creops #nen urea is in
direct ccntact with the seels,

Lipnan and dclean (23) reportsl that ureca ccuparcd
#ith cther Nitrcsen carricers in pcts wes 23 3ced as any,
if Dicyandianrid scrc nct present.

Tne abeve reports afrec fairly wcll as te the rcla-
tive value cf urea as a plart fccd carricr, it being as
£sccd as any onder mest cenditicers.  The liwiting facter
in its use 2t present is tbe nizh price caused by the lack
ct a cheap wethed of manufacturind it frow cheap waterials,
As befcore wenticned 2 Scrman firm is selling it in this
country in srall juantitices, chizstly as a fertilizer fcer
gardan use.
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werner (44) reviess the principal wethcds used at pres-
ent tc produce ure: cn a ccmrercial scale., He alsc susiests
that its preparaticn frem fmmcnia and Carben Mcucxide in
the presence cf a catalyst might be develcped into an ecc-
ncwical wethed of warutacture. Krase ard Sadiy (20) have
werxked cut 3 wethed ter its synthiesis which they tuink has
ccnmercial pcessibilities, Their wethcd consists brietly iv
heating Ammcniur Carbamgte a2t 130° C, ter fcour hoars undcr
3 pressurs ctf £0-120 atmospheres. Accerding to them the
rrice cf Anmenia will largely deternine the price cf the
urca produced., Ligwan ard Yclean (18) cutline a methcd by
which commrercial fertilizer urea n2y bs made, The esszn-
tizl feature is the treating ct Calciun Cyaramide with Sul-
phurizc Acid as fcllews:

3Caliiz + SH23Ue + E20 = CU(Nh2)2 + C2HaNga + 332304
The CO(NH2)2 is the ures, while the CoHadais Dicyardianid,
It will bs noticed that the basis ct all of these methcds
of preparaticn is the eclectrclytic fixation c¢f Nitrcgen,
cither as Amwcnia cr Caleium Cyanawide. dnen this is werk-
ed cut on an eccncrnical and larZe sca2le, arnd this is 3rad-
uzlly teing dcne, urea shculd bezcre available as a ccmner-
cial fertiliazer,

As monticred in the preceding parasraph, cne cf the
prcdaucts in scre of the present comrercial processes fcer
manufacturing urea is Dicyandiarmid, As pointed cut by fap-
ren (14) and Ligren and kcbean (£2), this substance is gquite
narrtul tc plants., Ccwie (13) states that even in very
stull Quantitics it is tcexic and alsc irhibits the anmoni-
fying tacteria in their action, Meduinn (3C) shcwed that
dicyandiapid apparently d4id nct scriously affeet the Zernin-
aticn cf seeds, but was toxic to later frewth., bBe did nct
det such texic effccts as Cewie described. Unless it were
present in guantities dreater than 10%, it did nct affect
the value ct ursa as 2 tertilizer. The dicyananid stepred
nitrification, which result was alsc the cpresite tc that
securcd by Ccwic, Lipman and kclearn (23) say, hcowever,
that the ure2 ncw cn the rwarket cortains very little di-
cyandianid, as the manufacturers are careful tc remove as
much cf it as pcssible.
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The werk for this pater is divided irvtc fcur main Jdi-
visicns or scries, The first scries is prelininzry in na-
ture., It shews the results cof wz2kind scveral very larse
arplicaticns cf ureaz tc a Ccloma tfine Sand and determining
the Nitrates prcduccd, reacticr and ccneentraticn cf tong
scil sclution tren time tc time, The sccend szerics reports
the results cf rikins molisrate applications cf urea to a
Fox Sandy Lcaw and 3 xiawi Silt Leam, deterninins at inter-
vals the Nitrates prcdunced, rezction and ccncertration cf
the scil scluticns., The third series was sufgested by the

esults cf the first series and shows the amcuntb ct An-
ncnia thet misht be liberated when urea is adied tc differ-
ent scils in varicus ways and ancunts., In the tourth scr-
ics, the influcnce ¢! leaching on the reacticrn cf several
scils previcusly treated with urea is repcrted, «=nil alsc
the recsidvary cttfects of suzh treatnents on the scil re-
acticns,

ShAlrd 1
Large bpplicaticus ct Ureca tc Cclema Fine Sund

In this serics, larze applicaticus cf urea were nade
tc a Jclews Fine dJard. Thne surface scil from a crerped ar-
ea which had not received tertilizer recently was used, so

ag tc secure material rether lew in Nitrates, The scil

was sifted thrcugnh a sieve #ith crenirjs about threz milli-
meters square, ard rade up tc cptirum ncisture content by
tkcrcushly wixing the requirsd ancunt cf water #ith the scil,
In casz urea was added it was dissclved in the watcr with
which the scil #2s tc be ncistened, thbus insuring = unifcreq
iistribution cf the material thrcugshcut the scil. Tne scils
were put in pint jars and xcpt in the dark a2t 2 tesperature
cf 20-2:°°C, ‘Fvery two cr three days the scils were rencv-

cd frem the jars and zerated very thorcughly. ‘teisturs

was added as neceded to keep the scils at tne cptinum ncist-
ure ccutent.
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The fcllowing treatrerts were used, eazh cne beins
run in duplicate:

1- Check, Nc urea siided.

Z2- ,0% urea, based upon dry weisht ct scil.

.3 1 () L,(’) urea " " 1] 1] " "
- . i vy

4- 2 ;ﬂ') urea " u " " 1] ]
o Y 9

;j- 5 () “;, urea n 1] " " " n
(DN d,

These treatwments are far in excess to tne ancunts that
wculd Le applied to the soil in thz field, but it was the
cbject tc determine the urper limit teor the use cf the na-
terial, A botter idea of the waZnitude of the agplicaticn
may be had by ccnsiderins that the snallcsst treatment a-
bove, cr the ,o», is ejuivelent tc sixteen tcns of hitrate
cf Scaa per azre six inches cf scil., It might be stated
that all cf these trcatucrts proved tc be tcc heavy fer the
rrcper tuncticrnins cf the scil crsanisns.

At the beginrins cof the experinent, 2nd a2t the end cf
4, 11, 22, 292, and &6 days, eazh jar was sanpled, care be-
ing taken to secure 2s representative a sanple as pessible,
Tne Eydrcgen-icrn ccncentrzticn, the Nitrate centant, and
the tctal ccncertraticn cf the scil scluticns were deter-
rired cn these sanrples,

A- Pracnificaticn and Nitriticatich ct Urea in
Cclema Hine Sand.

Nitrates in the scil wcre deterxined by the ccleri-
retric methcd 235 cutlined by Sehreirer ard Failyer (3¢
with a few mcdificaticns. The ejuivelent ¢t 30 graws cf
dry scil #3as weigbed and put in a shager bettle, 2 c.z.
ct a ncrnal scluticn ft Ccprer Julgfhate and encush water
to wakc a tetal of 100 2,2, were addcd.  This wculd then
rzkc a 1 tc o ajuecus extrzct ct the scil., The sarples
wcre shaken fer twernty minutes and then .6 3ran cf Madnes-
iuvm Carbenate and .24 gran of Calciuw Hydrcxide were added.
The bottles were then shaken fer one minute to sccure 2
therough mixing cf the chewnicals thrcushcut the scil., Tne
tlccculent naterizl was then alleowed to scttle, 2 clear su-
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pernaternt liquid bein3 sccured alwest inwrediately exe
in the case ct the very fire scils, or thcse strengly
kalire., The scluticns wers decanted thrcuzh tilter porers,
which wculd remcec any particles still in suspension. The
Nitratcs were then deterwined as descrived in the atcre-
venticued publicaticn, They sre rercrted as parts per mil-
licn in the 1 to o extract, tue averale cf quadruplicate
detzrwinaticns bteins siven. The results ter the Cclenz
scil are given in Table 1. Many of tue extracts fron toc
treated scils sere colered, a;pzrently due tc the alkaline
ccnditicn cf the scil, and the figures nay bte hijgher than
they shculd be, The scluticres from the check scils were
pertectly clecar.

O

Tatle 1 - HNitrates in parts per mi:licn in 1 teo o extract,
Cclora Fine Sand.

Treat. 0 Days 11 Days 22 Days 29 Days 38 Days
Checek, 3. 9 9.1 1€. 5 28.1 18, 2
ow urea S, ¥ 2.7 2. 3 Z. 4 2.4
1.0% " .9 2.1 1. 8 YD) 2. €
Zoom " 3.9 2.6 .2.9 3.1 4. 2
b,00 " 3.9 2.6 2.3 2.7 <. 9

The determnin

ations wsde at the end cf four days #were lcst,
as the Nitrate

sarples wers destrcyed.

The check scil increascd in its Fitrate centent until
9 days, after which it fell off, The increase can proba-
bly be acccurted fer by the ceonditicns cf wmcisture, heat,
lisht and acration beins nade optimum fcr bticlosical acti-
vity., The scil was rather dry wncn taken from the ficld
beecause of a lack of rainfall., The decrcase at the end is
2 little harder to aczcunt fcr, but w2y be due tc the devel-
crment cf m>n3 organiscs and the degleticn of readily avail-
atle crzanic matter, in which case the crianises would pess-
ibly ccnsure the Nitrates ftaster than they could be prcduc-

I
a¥al
“e

All the urea trcatrents reduced the ancunts ot Nitrates
present in the scil sclutions., A_s before explained, even
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the small amcunts shcwn are prcbably tco hizh, Aprarently
the urca added to the scil has nct been ritrificd, and has
even caused the Nitrates cf the scil to be lcwered. In or-
der to give a satisfactory explanation cf this it will be
nceessary to exgiain scre ¢f the bicloiical prceesses that
take place with urea in ths scil.

when urca is added tc a scil it is dcne so w#ith the
idea thet it will 2umcnify and nitrify, evertually prcoduc-
ing Yitrates ter plant tced, The tirst step, cr amnonifti-
caticn, is the chnanging ctf the urca tc Ammcniur Carbenate,
This cEipic can ke brcught about by bacteris and nclds,
rrcbably by ssveral spocies ¢t the terrcr., These crganisas
aceorpclish this by mzans cf an enzyre called Urase, which
is described by ¥arshall as a3 Zymwase (31), The reacticn,
cccrding to Rahn, irn Harshall's ¥icrobiclesy (21), is :
(NH2)200 + <k20 = (KHa)22C03 + 14,3 calcories,

The crg=nises thus secure their enerdy frow the process,
nct using tree Cxysgen fer the purpese. 1his possibly ac-
counts tcr the results of Christensen (10,11), whc tound
that the prcecess can gco cn without the prescence ¢t any cth-
er orsanic substance. Fhelps, in Xarshall (31), states
that the crdanisrs ars anagrcbic, but Kakn (35) states that
they rciyuire scne Cxygen for certain of their life prccesses,
even thcusgh they appear to be a facultative acrcbic crsan-
isw, Littauer (25) did scme #wcrk shich wculd tend tc shew
that they do nct need much Uxyszn., He fcunl tnat an excess
cf mcisture did net retard the breaking down ctf urea in
the scil.

The ferraticn cf the Ammoniuz Carbcenate frew urca is
very rapid., This had bcen siean by Lipran (24) and Loch-
nis (2€), After the naterial is anmcenified it is prcbatly
nitrified in the usual rwanner,

Returning tc the aata cn the Ritrates in Table 1 and
tihc nctes taken during the ccurse of the experinent, scre
interesting things are s=zen. Tac days attcr the experinent
was Begun, strcns fumes cf Ammcniz were Siven coff frowm the
0% 2and 1% treatments when the scils were acrated, Tho



urca must have ammcritied tc an cxtent sufficient tc satur-
ate the scil moisture and the abscrptive capacity cf the
scil fer the gas, Of ccursc this scil prcbably had a lcw
absorptive capacity, owing to its lcw clay and ccllcidzl
content., The cbservations cf previcus investigators, that
urea is quickly brcrien dcwn, were certainly being bern cut.
The check scil had nc Aamonia ccwind cff, and neither did
the 2.0 cr 5o treatnents., As tne experiment ccntinued
the two lcwer treatments continued in givins ctf wncre cr
less Ammcnia and liter the 2.5% treatmant 1lsc gave it cff.
The 0% treatmwent did not zive cff very nuch at any tinme,
ccnpared to the amounts given off by the ctucr treatnents.

Unfortunately, the Armenia given cff was nct deterniu-
24 ani the observations were made sinply cn the relative
strengthis cf the furzes tnat cculd bs smelled ccring cff,
a rather rcugh meticd cf Jdetermining Ammoniza, to say the
least. As thz experiment ccntinued, the .5% and 1% treat-
ments aid nct scom tc five cff sc much 3as a2s at first,
This may have been due either tc the complete anmcniftica-
tion of the urea cr tc the succumbing ct the crganiscs,
When the experinent was abcut half way thrcusn, tus Amwcnia
that wcula ccne frcm scme of the jirs was so strons that
it #as cxceedingly unpleasant fcer the perscu acrating the
scils.

Scne Jdoubt was expressel cconcerning tne prcbability
ct this acticn ovsing biolodical rather than strictly chemi-
cal or catalytic in naturc. The guesticn as tc wmhcther
crzanisms conld live in an atzcspuere sc stren? in snwcnia
and a scluticn 30 hiZhly concentrated justifiicd this doubt,
Ecwcver, it this action were chenical rather than bic-cheun-
ical, by tuc law ct wass action, the ow treztment shculd
react the west gquickly and prcduce the acst Ammcnia., ahat
actually herpened was Jjust about the cppcesite of this,
The o% treatment produced tue least Awwonia cf zny and the
.00 and 1% treatments rceacted the nost juickly, apparcnt-
ly prcducing the mest Aumcnia, These facts arc wcrce easily
explaincd frcuw 2 biclcgical tuan trcw 2 chemical standpcint,
In the cass cf the oF treatment, tae zcnzentraticn cf thes
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scil scluticn was very great, sc that the cordanisms mizht
have bscn killed cr rendcred inactive to 2 larie extent,
thus nct prclucirg grzat ancunts cf 4rxcnia. The frejuzsnt
acraticn and zcnscjuent remcval of excess Armcnia from the
cther treatments a.parently allcwed the organismsz te live
tcr a shile at least, NMillar (32) has shcwan that the ag-
monifying crganismrs c2n funeticn in scil sclutions guite
ccencentrated, hHe did nct werk with scluticens juite so zcn-
centrated as scme cof these in this cxperinent, but he shos-
ed that the irnhibiting cconcentraticns varied with the natcer-
ials ailded to tne scluticn, He did not rerk with ureca, but
it is rcssible that the inhibiting cconcentraticn fer this
ratsrizl is quite high, He goints cut that cther factors
than the total cconcentraticn cf the scil scluticn may be
limiting,

Thers was no nitrificaticn,probably because of the
killing ct the nitritying crganisms. They pessibly cculd
nct tclerate the cernditicns cf kigh cconeentraticn 2nd al-
k2linity, with 2 lack cf Uxy:gen, a3 were present in the
trecated scils, The fact that the chzezk cr nc treatuont
scil produced nitrates is prcef that the scil had at least
some nitrifyirs rewer, Tre lcwcrind cf the nitrates in tae
trcated scils 13 pessibly due to assimilation by cr3anisns
in their life prccesszs, wituncut nitrificaticn gcing con
much to restcre tien.to the scil scluticn, It is reccs-
rized that the abcve statewents ray nct fully and adcjuate-
ly exglain all cf the cbserved tacts, but they serve the
rurpese better than any ctner that were ccnsidzred. The
data secured in ccnnecticn aith the Sitrate deterninations
gc far tc expl2in the results scecurcd trem determining the
Hydrcgen-icn ccneeriraticns and alsc the tctal ccneentra-
ticns of the scil scluticns,

S - hktteet cf Applicaticns cf Urca on Keacticn cf
Cclema Fine zani.

Tie Hydrcgen-icn ccrneentraticns were dstermined elec-
trcmetrieally oy means cf the Quinhydronc electrcde, as
desceribed by Biilnann (4). The results frow these deter-
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minaticns were trejuently chcecked rcughly by tne usc cf
Soiltex, 3s described by Spurway (41). Conparatively closs
results were sccured by the twe methods. Twe determinaticnms
were made on the sanples of soil frowm each jar, and as the
jars were in duplicate, ftour readin3s were made con each
treatment. Very closc agrccuents were secured amcng the
readings, and the averazes ¢f the fcur readirgs are repcrt-
in Table 2, As is the zeneral custcw, the values are Ziven
in terws cf pH, rather than as the actual Hydrcgen-icn con-
centraticn.

Table 2 - pH V¥alues fcr Cclcna Fine Sand,

Treat. O Days 4 Days 11 Days <2 Days 29 Days 36 Days
Check. €. 92 6. 68 8, 25 5. 923 2. Ho 5. 95

. 0% ureca  E,01 8. 94 9.15 &. 21 8. 12 7,80
1.0% " g, of 2,01 2,17 €. 47 8. 33 £.04
2.5 " 8. 17 g, 99 c. 99 &. 67 8. 61 g.19
5,0 " 7.99 8. 67 8. 60 8, 36 8.04 7.61

The very alkaline figures are possibly nct exactly
correct, although gcod checks were secured from the juad-
ruplicate determivaticns, icwsver, the Quinhydrone elce-
trcde i1s nct surpesed to give accurate results at such nizn
tH valuss, The tigurzss cculd not be checked aZainst the
Hydrczen clectrcde a3 the 2rest apcunt ¢t fmmcniz present
seercd to thrcew it cft when an attenpt was made tc usc it,

The urca tends tc wake the scil mcre alkaline as lar-
ger amounts arc added tc it, as will be scen by exawining
the cclumn headed O Days, Tnis represents the rceaction ct
the scil inmedistely aftcer the urca is adacsd, As the scil
13 aocut ncutral to besin with, the urea threw it cver tc
the alsmaline side. This is natural, as 2 tentn welar sc-
luticn cf the naterial added had a rH ct 7.30, while a ncar-
1y saturated scluticn of it had a pH cf €77, Tuc largest
arplication rade was almost a saturated scluticn ¢t the
urca,

The check scil beeawe morc acid until 22 days, after
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which it remsined about ccnstarnt in reacticn, It haprens
that this cguilibriun is reached at the scme time that the
scil scluticn reaches its jsreatest concentraticn, Yhis is
c¢cnsidered at prescnt tc be merely a coincidence, as the c¢-
ther scils studicd did nct shea this relaticnship., The rea-
scns fer the increused acility cf the scil are prcbably the
nitriticaticn cf crgenic matter, producing Nitric Acid, ani
brirsin3 into scluticn ncre cf the slizgntly scluble acid
silicates, As befcere menticned, when the scil was breoughbt
from the field, it was after a period cf dry weather. As
it wa2s made ncre reoist in the laberatcry, it wculd tend te
have mcre of these slizntly sclublzs acid silicates in its
scluticn, Aftcr these materials saturate the scil scluticn
an egquilibrium is reacned and tne acidity cof tne scil wculd
renain the sane,

Treatirg the scil with urea made it quite alkaline,
This is nct surprising sincz, as befcere mentioned, amncnia
was produced in large quantitics. In tact the PH value cf
the scil is ccensidered tc e 2n index to the :wcunts cf
Anmoniz terned in this experiment. The pH wculd be hish-
est shen the 3Zrcatest amcurts cf Lnrenia wculd b2 ncticed
ccring fren the scils, Tnz ob treatment, where very little
Arncnia cculd be nceticed zeming cff, always had the lcwest
alkalirity ctf any of the treated scils. Yuring the ccursc
cf the experiment tne alkalinity reached a nigh pcint and
then accrc2szd. This w23 prchably due to the lcss cf Awrcn-
ia by vclatilizaticn., The rzsults cf the detercingticns
cf the tctal ccrneentraticn of the soil sclution bear this
cut,

C - Frtezt cf Apglicaticns ¢t Urea cn the Ccnzentra-

tion ct the Z2cil Scluticen, Celcra Kine Jand,

The ccneentration ¢f the scil scluticn was deternineld
by the treezins pcint ncthcd as devised by Beuyouccs and
McCocl (96,7). The equivzient of 20 grars cof dry scil was
weished out, put into a freezind tube and nade up tc 70%
mcisture centent., This nigh wedsture content was used sco
as to secure wore accurate results., Thus tuc figures oan
cnly bte ccnsidercd frcr a relative stardgeint, end cannct
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be taxen as aksclutce cconeentrations ¢t the scil scluticn.,
The actual ccncentraticn ot the scil solution wculd probz-
bly be represented by a dzpressicn several tiwmes that sscur-
ei, The results are repcrted as tne dspressicn of the
freezins peint belew that cf water, in desrecs Centizrade,
The averazzs cof duplicats zcterrinaticns are 3iven,

Table 3 - Freezinsg Fcint Depressicns in Dedress O,
Colcma Kine 3and.

Treat, O Days 4 DPays 11 Days 22 Days 29 Days 3o DAys
Chceok, 0. 000 C.00& 0,020 0.043 0.018 0,022
.o urea 0,0c€ 0.z2¢0 0,297 0. 224 0.135 0.097
1.0% " 0.333 0.7¢¢  0.600 0. 408 0. 250 C. 213
2,5 " 0. 507 1,063  1.021C 1. 169 1. 161 1. 159
SO0 " 0. 992 1. 247 1,921 2. 13: 1. 931 2.G30

In ths case ¢t the untreatzd cr chzck scil, the cen-
centratica of the scil sclution increassd up te 22 days, af-
ter shicn it aeczrzasced and taen beeawe ccenstant.,  Tonis is
scmenhat similar tc results repertel by Sazeting (33), .
icrginsd with a2 nunber cf scils, he fcaal that they hal a
w2xicum dzgpression cf tne frezzins peint, 2fter which the
z2praessicn decreasced, It tock lender for his soils to
rzaz2h the mixi u)L01nt, but nhe w3t neavier soils than tne
cn2 used hare, He tcuni that, in gensral, it tcck heavier
scils lenser tc reaczh tn2ir maximum degpr2ssicn tnan it did
candy 3cils.

o

fnz 2dditicn ¢f urea to the scil increascd tic con-
czatration cf muatarial in tn 3011 sclution merz cr less
in greperticn to the accunts added., In all cf the treat-
nents during the ccurse cf thz cxgzriwont a maximan c2ou-
centeaticn ¢f the sclil scluticn, cr degrzericn cf the frecz-
ing pcint, 223 securzi.,  Tris 1i1 nct ceour at tue sans
time in 2ll of the treatsents, Hcosever, attsr ths maxicaw
w3 reachel, tne deprcssicn J4id not receds and baocwz ccen-
stant, as in the 2as2 cf tne chesg trsatment, They xe2pt
3cin3 dcwn as l“rz 13 tne experirent zoutinued, Tnis rise
and tall may have been dus tc tne rate and ascunt cf tne
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crciucticn cf Awrmonia. Thorz i3 scme zorrslation bet
tne frsczing point depressicns and pH values in the
1%, 2nd 2.0% treatmuznts, ths hithest pH czcurring at abcut
the sane timz as that cf the 3rzatest depressicn of the
freszins peint., Tosard the end of thz ent of taz cxperi-
zent, whan tha pH was loser, anld the oder of Awmmcnia ccuming
from the scils #was ruzn less, tue degrzssicn of the frze
in3 pcint was alsc wuch less,

The fact3that the scil scluticns did nct k2zp ocnstant
af'tar raachin5 tne maximum, but receicd, ani that the am-
menii noticed couwins ctt at this tise #as wuch less, indi-
cats that either amwcnitication was nct 3cind con very tast
cr 413 beins rewcvel., The Nitrate deterwinaticos shee that
1t was not beins nitrifiecd ani tne tr2ezind pcint deter-
rinations snca tnat it, or sowmathins claz, was Scins out
ot soluaticn., Sinze tne pH was lewering at tne sane time,
it wculd pcint to tne lcss of Aunmcnia frow the scluticn.
The following is 2 pessible exglanation cf hew tnis teck
rlace,

inen the Ammenia veolatilized it saturated the scil

sclution and tne abscrptive cagpacity of the ccllecids, af-
ter which it was Ziven cft intc tne atmosgnerz, It thus
set up mcre cr Less ¢of a pressurs in tns clcsed atzospnere
cf thz jar, Azzcriins tno Henry's law, ahich statss that t
the concentraticn of tno dissolved .13 is dir2ztly preoror-
ticnal tc that in the frz2z spaze abeve the lijquid, the sclu-
bility cf the Aumcnia in the soil scluticn wculd be inercas-
ej the mcre Ammcnia tnerc 42s prciuced. This extra accunt

issclvzl acald prcbably nct have tiuwe tc Je cff tetcere
tuO frecezind peint detorminaticon aas m2de and weuld therc-
fcree infiusnzz 1t. whon the prcducticr cf Amoonia step p 1,
the pressurs ¢f this 223 in the 3c1l atmesghers aculd ©
lowcrzd, duc to the frecyucnt aeration cf the scil, Souc
cf the dissclved Amwcnia wouli ncw ccme freow the scil sclu-
ticn in crder tc recstablish the ejyuiliorium cf the 343 be-
t#sen the scluticn and the air in the jar., This wculd cce
cur 1t each aczraticn of the so0il anid wisht casily beoowes
arrreciavle in time, thus acccantius tor the lowerins cf
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the ccneentration ct the scil sciution. Of course, the
Aumenia wisht have dis=arpeered due to bicleosical action,
This iway have causel it to have been synthesizzl intc cr-
Janic ccmpcunas thatl were more or.less inscluble. This
explanaticn wculd take car2 of all cf the observeld rhane-
wcna, The rssults 23 32curzd way have becn que to 2 ccw-
binaticn cf these acticrs, and pcssibly cthers z2lsc.

The data cof the Uo urea tezatrent ars interasting,
It #ill be r224llsd that very little Aumcni was nctize
vclatilizing trow tnis scil. hewsever, 2 reaction must nave
becn gcing cn as ting freezingd point chanies 2onsiderably
durins the cecurse cf tne cexpsrincnt. Jinzz the depressicn
increascs at first, the ures must havs been bres2lkind dcan
intc ccrpecunis cf a greater numbzr cf zcls, cr elsc it aas
affzcetins tne sclubility cof the scoil, ceitnzr bofcors cor af-
ter brcagins dcan, o zluc was found to show what this
acticn uwi-nu kave been.

—

Ccnzlusicns - Series

W

t'ecm the cxperiments cn tus Colcowa #ince Sanl the fcl-
lcdians Senaral ccnclusicns wiy de drasn:

1- Urca aidedl to this soil #was armonitied vary ragii-
ly, althcush if exceedindly larse applications were raic,
2 pcint was reaczheld wacre ammcnificzcaticon acull ncot 3o crn.

2- Nitriticaticn wculd not go on appreciably aucn urca
313 added teo this s2i1l in lar3e yuantitizs, tne smallss
arrlizzticn madc herz beins tce Jreat for this prozess.

Awmonifizuzticn can Sc oun unicr 2cniitions in which
nitrificaticn will nct taxe place., Thus the scil's amnon-
if'ying power is nct necessarily an index to its nitrifying
ability.

\WSI 32

olcratas Arrlications of Ureca tco #ex Sandy Loam and diacsi
Silt Lear,

Pased ugcn tne results c¢f the grelininary #crx Aith
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ths Ccloma so0il, 3 nes series ct expsriments was bsjun,

tor this #crk tao 23riculturally isportant scils were uscd,

a fox 3andy Loam ani a Miami 3ilt Leam, Both scils had
bezn cropped the summer previous tc tue tall in which they
#ere tazcen, the Kex 3cil te ceorn and the ¥iarnl scill to cats.,

The surfazc scil to a depth of alout four inzhes 4a3 tagen,

the suarfacze debris always being reroved previcus te the
sawgling.

s

Urea #as add31 2t the rates of 83.3 pcounds, 166,06
canis, 533.3 pounds, €¢€.6 pecunds and 1333.3 pounis ger
re 3ix inches of soil. An acr2 six inches was consider-

a3 t#0 willicn pcunis cf dry scil. Thue treatments of
e twc scils were ths sane, cexczept that the wex scil ra-
ivzd €0 pcunds cf urea inst=zai ct ©3.3 pcunds ter the
agrlicaticn,

Iy

= Q

—_

= Q cr O W =
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w
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Tue treatments Jiven 2an 2lsc be censidered cn 2nothzr
tasis. A drill usuz2lly mixes the ftertilizer throush abcut
cnz and 2 half inzhes cf aOll. Thersfors the treatments
listzd abovs, divided by fcur #ill reprzsent the conditicns
grzsent when thess amcunts per acre are adied tc the scil

by 2 arill. The fcllcaing table shoss thesc ralaticnshigs,

Lbs, 8ahUs per Aztual Lbs.,  Lbs, NadNOs per Actual Lbs,

azrs 6" eguivs- urei alded azrs 1 1/2" c- urea adlei
lent to urea cer azr2 5" qual to urea to drill
aided. adided (drill)  depth (1 1/2)
0 - Checx 0.0 0.0 0.0

<00 £3. 3 62. 0 20. 8

200 16€, 6 125 41. ¢

1000 333. 3 2.0 £€3.3

2000 €€6, 6 200 1606, 6

4000 1323, 3 1000 333. 3

All the ftijures in any herizontal lince refer to cnc
treatwant as run in the follcsin3 serizss cf experiments.
Thus, while the fizures in the first twc columns way scen
tc be ratuer laede, the last two ccluuns shca that they
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represent cenditicns frequently cccurring in the scil,
Nitrate cf Joda is ccmmenly drilled at ths rats cf 120 and
20 pcunis per acre, and the data sscurzd fer the 166 and
333 peounld tresatments are alsc data for these irilled treat-
nents, The pcunls cf urca adied are ners cxpresssd in teras
of zjuive lent apounts ¢t Nitratzs ct Scda so as to gfive 2
battzr idea ot the arcunts addeld., Thesz tisurcs 4ls0 sheoa

ths rclitive concentraticns cf MNitrcien in tue tac carizrs,

4

'

Ot ccurse, the rzlaticnships in the pre::ding para-
grapﬂﬂouli not hcli fer any lenjth cof tiaz in a #cll wcist-
enzi scil, &#zlecl and wneotins (Z7) and fhecting (4€) have
shosn tnat the mcvement cf sclablzs s2lts in the scil sclu-
ticn is ncaeritzly rapild, especially at wcisture contents
23 used here. A rain woula 2alsc tzni to remcve these re-
laticnshi { , cAin3d tc the hish sclubility cf the arca, Nc
data arz availabtle ecorzerrnind the abscriticn cf the nat°r-
igl by tne scil, but it it acre abscerbed to 4n approciakle
extznt, it would zause the abcve rzlaticnsuics to ge rs' t
lonser, van Barrcveld (12) nas shean that urea leaches
rcadily from the scils ctf Java, but that 4oz~ nct necessar-
ily mreoan that such #ill be the cass for scils in this coun-
try.

rc and cetheds ¢of magins d
ticns Asre the same as prev lnuolJ jeseribed fer tne Cclc-
3 30il, in tne first Jerics. The scils Acre nade tc and
keprt 2t crtimun mcisture 3cntent anl the urea #as aidel
to the s0il by dissclvind it in the water tc b adled to
tha scil., fFrejuent and thercash acraticn was Jiven to the

Th2 Zen2ral procelu

=

scils, and the sawples feor tne nitrets, azidity and freez
ins pcint dcterwinaticas scre taken a2t abcut the sane in-
tzrvals, Tne expsriments were nct run simultanccusly, hea-
evar, tne tcx scil beins startel abcut two waeks batore tue
¥iami scil. In both c2323 2 cuczk cr no treated scil was

=Q

~

2333
run fcr ccrmpariscn, ani 211t
catz,

catients were run in dupli-

A - Nitrification Studiss in kFex ani Miami Scils.

The rcsults of the Hitratz detorminaticns are Jiven
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in fabies 4 ani 5, fcr the 1 tc ¢ coxtrasts freco the twe
scils. Tnez avzrals of quadruplicats detcoraiinaticns is Siv-
en in parts per willicn, bassd upon the extractzi scluticn,
fcr each treatuent,

Tavle 4 - Nitrates in 1 to o ajucous extract cof Fox 3Janiy
Loar, (parts per uillicn,)

Trzat O Days o Days 11 Days 22 Days 40 Days
Check, 1.8 17.3 217 22,53 33.0
66 F ureca 11,8 20,7 33,7 Ze 2 17. 4
e " 11. 8 <8, e Soe? cd. 8 £e, 4
333 % " 11. 8 31.4 74,4 “2,2 a1, <
gee # " 11.8 Jd. 1 163. 1 1ci. o 10, o
15338 " 11. 6 o 122,70 121.4 181, 4

RV N . : s L R TP
Ml o o= Plteatas in 1 to ¢ aguccus extract of sdiasi

Silt Loasu. (parts psreonillic)

Treat, O Days 3 Mays 10 Mays 17 Dags 37 Days
Cheeck 13.6 24,0 10,2 43,0 8. ¢
63 # urca 13.¢ 11. 6 ohd. 2 o, 7 o8. 2
16 » " 13.6 12.86 51,0 ¢4, 0 73. 4
333 # " 13.¢ 42,5 . 23.2 e, 9 0.8
oo # " 13.0 47,1 100. 5 10¢. 7 24,1
1332¢ " 12,0 cC. 0 172,98 Cle o €65, 6

It will be ncticed that the scils wers rather lcw in
nitratzs at the besinning, ant thare was abcut the same
arcunt in e4ch. rxawining tne resuits cof the =2nzsck scils
abcve will shew tnat the nitrats centent increasca in beth
scils, but it incre=2sei abcut 00% merz in the Miani scil
than in the Fex, Ziclesdiecsl processes nal prcbably been
lew in each previcus tc taxing tne samples trem the tield,
due tc dry weather, On making ccunditicns cptimurlfer b2e-
terial acticn, tie diami scil shcezd that it had more po-
tential niteifying roser, prchably due tc a2 ccabinaticn
ct circumstances, amon3 which may oe¢ hisher crianic ccn-
tent, wcre plant ani baztzrizl fcod clemcnts, 2nd less a-
cii reacticn,



-19-

Tnese scils treated #ith urea Zave increases in nitrats
content and the larder the treatacnt, the freater the ancunt
ct nitrates tcrred, Tnis shcws that nitrificaticn was zc-
ins on in all cf tue scils, and tnat aprarently scme cf
the urca was being nitrificd. As the experinent centinueld
tne Nitrates ccntinued te increass, with 3 few excepticns,
anl these #ere pcssibly dus tc exgerimzntal errcr.  After
ferty days the niteates were still inereasingd.,  No reesuler
deterninaticns acre madz after this, dac to a lack cf wa-
terial, tut deteruinations wade a nmenth later in ceonnecticn
with scme othe» weork, shcaed that the nitratzss wers still
slewly increasing, The results arc nct Siven asz it is felt
that tney nay not be exaztly ccmgarable te these Siven in
Tables 4 and o5,

In crdor te stuily the rate ani arcunt cf nitriticaticn

trow arcther anslz, cther tablcs werc werkel frecom Yahles
4 and o abevae, Thesz ars Jivew in Tables 6 an1 7 and were
gczurel by subtracting the nitrates prescal in tne checs
scil freow tucsz present in tne treated scils. This i3 real-
ly taxing feor sSranted that tue ancunt of nitrificaticn cf
thzs crzaniz matter in tne checx scil 4ill be the sane as
the arcunt cf nitrificaticn of the criginal crianiz matter

n tne treated scils, the exess c¢f nitrates being assurci
5 cowinsd altosctuer frow the urea aided. It is readily
iritted that such i3 not nez2sezsarily the cease. It is to
be mere ¢r less ex;o:tai that the adiiticn cf the ursza te
the scil, especially if in lar3e juantities, wcull affec
its wicrocrganiz pcpulaticn, beth in £inds and nusbers,
The rzsults, hesever, brind out scre interesting pcints,
and shod4 in gart whetner tne above assumptior was justified,

[ o
l»

s

In the last column, headzi theorctical waximum, the
fisurcs acre sccured oy calculatind the ancunt of nitrates
tnat wculd be fermcd it all of the urca agded had its Ni-
trczen chanied to nitrates,

Censidering first the results frer the Fex soil in
Table ©, it will e 3cen tuat the in**rg 24 rat3s cf ailind
urca 2z2ascd sreater incregses in nitratces cver check.
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Howzvar, this increase in ni*rates in the larZer treataents
i3 not prepertional tc the increase in tne agplicaticns of

area, Thez applicaticons Jcubls eazin tiwe anile the increas-
es Jdc not, exzept in the cuases cf ths twe lcasre treatucnts,
The 126 zcund treataent 1s tec 2nd 2 half tiwss the €65 gcund
trzateent, ani the incrzascs cver 2u224 in niteates ian these
tresatments tfcllea this ratic clcsely. As the experizent
centinues the increases cvar cu22< bezome freatzr, as 1 rule
indizating that tne nitritizaticn cf the urea i3 341ning
in mcromtum,

Table € - Increass of Nitrates cver Chezk., 1 tc o rxtract,
Fex Jandy Leam., (gz.op.orm.)

Treat, o Days 11 Pays 22 Days 40 vays Tnecratizal
Yaximum,

Check. 17.3 <4, 8 29.6 3.0

ot # urza 3.4 £, d 1.0 1.4 14,0
1 ¥ " 9.6 31.0 1.3 33. 4 ¢, 1
333 ¢ " 111 40, & 024, 7 8.7 72,3
€68 § 0" 21.9 78,3 108, 3 112, 2 115.8
13334# " 310 107, 3 121, ¢ 145, 4 201.5

Tahla 7 - Incraaszs of Nitratss cover ‘hﬂva. 1 te 5 Extract,
di2ui Silt Leo=m. (f.r.ow.)

Treat, 3 Dz2ys 10 2ays 17 PLays 37 D2y3  Thecretizal
\ . - _ ¥aximu,
JheeK, 28.0 15, 2 43, 2 cE. 2 ‘

83 # ur'ea 13. 6 3. O 1(\. 2.' OO. 0 ‘:. o

166 § " 14. 6 1z. 8 20, ¢ 1o.2 34,4

333 F " 14.6 48,0 4o, 4 27,6 2.9

¢eo F " 12.1 £0, ¢ £3. 2 Soe & 14z, &

1333¢% " 22,0 127, 4 144, 7 170.4 221.0

Ocrparing noa the tctal nitrates pessible freom the
ur22, shoan in the last cclumns of Tables © and 7, with
the incrz4szs in Nitrates cver 2hecz at the enl cof the ex-
perinent, in noxt to the last cclumns, it #ill be szen that
they arc toe saw2 for the lowest treatuiznts in tue Yex scil
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in Tabls €, A3 the treatuents increase, tne divarisniecs
betwcen the tigures increass., Thus the tac lcwest agpli-
caticns have prceducoa tue thecretizal waximum arount of
nitrates cver chesk scil aithin tue tiie of this zxpori-
nent.,  This wculd tend to shos that all ot the urea 3ali=d
in these trsatmente had begn nitritied., Hcowsv.r, this 13
only dediuzticn, ani tnere i3 the pessibility that tue cori-
ginal scil crsanig mattar was ritrified to a Jrecater ex-
teat in the trsitsd soils than ia the untrzsated scil, tone
tisurzs for the inzreases cver the check scil nct regresnt-
ing nitrates grciucza treow urca 2lcne.  Thne facst that thne
lar3zr treatrents 23use 2 tallins cft in the arprcazh te
tue waxirum cf nitrates crcduzei over checy tnat is pess-
ikl=, tends tc anca tnat the critinal soll crzapic wmatter
is ncot pitrifici to suz2ip an exhent €3 it is in the untreat-
1 3c0il, Tnis fact, ccurled #itn tne many exgsrizents re-
rerted cn tue e233 of the am-cnililcaticre and ritrifizaticr
ct urea wculd iniizats tnat the inzrease  of ritrates cver
thesz in the untrezatzd scll regrescuts ure2 nitrificd and
le21s tc tne 2cuclusicn that 211 the urca adiel 423 nitri-
fied in tne scils reeciveins the twe Icwest applications.
It will be re2all=ad frcow the last parafragh that these tsc
treatments waintaine i the ratic cof their 1ncrsasces cver
cnezk tairly constantly,

As befcre stated, it tihe uarea i3 scind to bave an et -
fect cn the nitriticaticn of the criiinal scil crganic nat-
ter, that eftect should s c4 up mest strengly in those scils
receiving the heaviest applieaticns. Toe talling ctt cf
the heavy treatwents in tne a“rrvAJh cf the exzess nitrates
to the maxismum sculd indicate that therc 423 an effect cr
the urea cn the scil, not ncticed particularly in tie tac
locwsst treataents, but increcasicily warked in the heavier
treateents,

The fallins cft in tnc incrzasc cf nitrates in thc
cases of the heavy arplicaticus way be Jdus to:

1- A loazr percent ct the addel urea bocing unitriticd
in the heavy trocatwents, as ccapared with the lisihter.t
Tne lznith of tine of thoe experiment wcould prcbably have

Juite an intluenze cn thia ccint,  The lenscre the experi-

3
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rcnt runs, the greater tue percent c¢f the aided urca that
shoula be nitrificd.

2- Less cf tne criginal scil criunic watter beins ni-
trificd in the heavy treatmerets, If the crganisws could
use urex a3 2 scurce cf enar?y, it wcull be reazcnable tuat

ncykculd usc less cf the ccouparativuly unavallable scil
crianic matter, If this i3 true, tue results in Tables

6 and 7 do nct stcw all cf the nitratcs produced tron the
heavy aaiiticns ¢t urca to the scil.

3= A drzatzr consurpticn cf the nitrates aftor tazy
ar2 prciuced, dac tc the wuzh Zreater prciucticn of crian-
i3s3, 2auscd by the aiJltlcn cf tue urea tc the scil.

The tinal result is prcbably a cewbtinuticn cf all ¢f tuc
10cve three pcints,

Turaing nca to tne results tor the digsl scil ia Table
7, the lacq of rejularity in tne i3tz iages intzrorctaticn
rere ditfizult, Censidoering fiest the lowzst a plicaticn,

will b2 nct.~»cd that the in2rezss cvar 2h27k at cne tiee
w23 praﬁti“allyhc to the waximuz, attcr waizh 1t drecprz
ican tc ncthins In this cuse, and in 4ll cascs sherc
the increeas3z cver che2d d22r2ia323 trem cne tin2 to the next,
it shcas tuat pitrificaticn has becn Scins on faster in th
check 3c¢il tnan in tas treated scil, cr elss the nitratas
are belng coensumnzd in tho troatel scils This zonditicn
harrens 3¢tz fresuzntly in the case cof tb“ viari scil,
ahile it haprer=d cnly cnee in the case cf tne Fex scil.
Of =cursz, tne r1tr1t1- aticn ¢bf tpe urca #was put tc a hard-
er test in the Eiawl scil than in the Fex, as shown by tre
sreater amcunt ct Nitrabtas prceduczel in tne chezk scil cbf the
fecrmer, The Miami scil pessisly had 2 srcaver ancunt cf
easily nitritiable crsaniz sotter in it, If it were dus
tc the greater nitritying powase of the Yiawi scil, the in-
zrease of nitrates over these in the untreated zcil sncould
be the sane 23 that cf the Fex scil. With cne exaspticn,
the Fcx scil preduced Zreatsr inercescs cver check then the
Kiaml scil, bcasver, the ‘cucral trena cf tne results
frem the “iami scil is the samz 23 tncsoe trem the Wex scil.

X
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P - rttests ot dpplizaticrs cf Urea cn

Fox Saniy Leam »nd Miarmi Jilt
Thz ¢H detsrainaticns ars repcrted in !
They are
ly. Tnz last sct of deterrinaticus fer the
to bte disedarded, as cne cf the cleetrcios

have nhad an errcr in itjafter the aor< was

Table ¢ - i Values cf Fex Santy Leam,

[aY]
[AV]
U

Treat, C Days O Days 11 Days )
Onzck. 2. 27 f.co 4, %0 4,74
urea De D% 4. 73 4, &4 4,73

NEEO N

=
oWt

n

1ria 0. 64 4,78 4,72 4,8
233 &£ " ¢, 00 4,85 4o 40 4, 47
e ¢ " 0. 30 ve 13 4, ¢1 4,073
1533 " £, 00 2079 4, 26 t, <1

Tablz ¥ - gl Valucs fo #iani 2iit Leaw,

0 Days

AL
[\
D
k/\

[ 2]

10 Days

[n]
ireat,

Chazk, 5, 40 0. 41 De 32 0. 43
£33 # urea 0,08 0. 41 5. 20 o5. 41
166 ¥ " o. 4 5.31 o, 24 5. 36
333 " 0. 67 Se 42 D4 30 2. 21
£eg ¢ o./o Oe 0% S. 17 0. 07
1332 " 2, ¥ Se HU 10 4, 0

It will t2 rctie=1 tnat in beth scils

urea tenlield te nake than less 2214, a3 was the
Cclewa Scil.  Peth scils had B values that
low fer the avers-e cf these tyres, Tois

due tc
anl tney were
they wers ncel

their rathcr Ary
nct uscd for scns
2]llewed to hocecme

tine
21r dry.

(3%) have shewn that drying scils losc
g little, and reacisterning ther 3titl furtic

rH. Steorind in the mcist ceonditicor alsc

the averase of gquadruplicate samplas run
diaml
Nais

y3

17 Days

tue

wWorT
Iy
ccniiticrwnen tager frow the
after trat,
Jest

caused an

K

Hoaetion cf
AT,

3 & ani 2.

3cil

fcurd tc
tinisheld.

40 Days
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in 2cidity useccrding to tis=ir results, Thoese fastors stoald
be cconsiderso when irterpreting tne dotsa,

re oscr ¢ong scil, in Table &, tericd te beecme rere
aciu aurin: tie ccurze cf tuc exrerircent, but the charic

is nect Sreut, Yoo ki=nl scil charnfed very little in tne
cHCCK cr o ne treatrent Gars, being practicslly censtant,

& ressibie explaraticn of this wi Jic Jiver Iator, In tuc
trested scils, aftore tice Pirst da Loy 211 tenided te bo-
cene rpere =2cid ez toe exporitern tirucd,  Tne heaviar
the treatrent, tne nizner wes the iritied b and tone lower
v2s the firzl ph,  Yheee s_ocned te be scre cerreiation be-
tazen the tetal ritrates prciuccd ard the phoof the scil.
As 2 rule, the wore ritrates thors werce producea, the Lescr
aculd bz the b varuc., Thils asy be cxplained by exurining
the fcllicewin: sencral reasticn for the nitrificesticn cf
urea:

-

'/)

L »

<—4-
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o

(Hg)2o0s
2ils 4 Fo00s + Zii2u

—~ (a4
= 3
— —~
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Thag a2 streon:d ani a1 wusd 2210 ars tereed as Lhe ro-
sult cf the (roecess. Thcss acula uitocs tue scll base
sk uxtent, preodavly, and btz partly ncotralized, bot 1
rrceess in iteclt weuld terd te lower tie pHoof tie scil.
Spurway (AQ) bes sncan theo trestind scils sith strens aclds
2aus23 ¥C2K 2clas te be g lit oft, ard this wcutd tenld teo
leaor the phio ot the scii. COf dcursc, if plarts ascrc Srcw-
irs cn this, they weuwld reucve tie nitrate radicle rers
quicikly than thc basc, sc thaet in time tuc scil reacticn
should ccue rartly back tessrd Lie crijsinal value, i nc
leacning czeurs.  Tune acidity causcd by tne ritrificaticn
cf urcea is rct pezullsar to tuls ve2torisi, tubt wculd ccour
nith any nitriried pzterizl,  Tre 2nidityine eftests cf
the@ ritriticaticn of frroviun Juirnete arc nuch dreator,
as the so ccrd 2i1d precavecy aith this patorisl is Jul-
rhuri2, spich is ruzh steenser tozn the Carbeoniz feid tern-
¢l frcn ures,

a3 bercers ponticncd, tihe ©izuwl ohLeosg scil 434 uet ¢
chanss wazsh 1n reacticn durins the ccursz cf b r



rent, while the ¥ox scil becawe more azid.,  foacver, the
Xizwi scil prcduccd rere nitrates and s23 less a2id tc be-
gin sith, Dctn ¢t tuese trings shcull naxe the Miami scil
ctanse ncrs thzn tihe Feox scil.  djual 2rcunts cf urca added
tc Toth scils caused the ¥ex scil te enanse neee in initial
reacticn than tne ¥iari, Curird the ccurse cf the exgeri-
ent, the wiasi scil 211 nct elanse in rez2cticn as nuzh as

the #cx scil, yot, =23 2 rule, the Piami zci l rreducsd rore
nitratszs, Thus in 2ll cases, with ejual treatroents, the
¥ieni scil aid ret chans

rc

}

5

L
- &

in reacticn 4s wuzh a3 the Pex
scil did. Tnis 13 prebably Jue to the butferin acticn
teing strengerin tho Biuni scil. Tnis scil is a silt loam
end conb2in: a hish percentage cf silt and cley, shile tric
Fox S2ndy Loan is lew in 3ilt and cley.. The silt and clay
arc the parts cf the scil whizh ars surpcesed te contain
mest of the buttering ¢ terizls, and this aculd azcccunt
fecr the stren-cr but'ter acticn in the kiani scil., Arracn-

’f‘!

ins (3) states tuset the prceesses teniing te nare the tine
rarticles ct the 3cil alsc tuila up tue butter cffect cf
tiie scil. Braidfield (&) states thzt the butter acticn cf

1 scil 13 scue dircet functicn of its eclloidal ccontent.

C - wftfcets of Apglicaticns cf Ureq con the Coneon-
traticn cf the 3cil Scluticer, Fex Jandy LDeaw and Hisnd
Ciltt Leaw,

The concentraticn cf the scil scluticen in terms cf the
dorressicrn ¢t the freezint peoirt i3 siven in Takliesz 10 and
11 tor ea»n cf the trestnerts cf the tsc scils, Tne fi-
fures are the averascs cf duglicste detzerainsticns, It
shculd te rewcwbered that the re2l scil scluticon was nct

scd fer these detzreinaticrs, but it was diJuted in crder
to secure greater accouracy. The results are nct abscluts,
but conly relativc, The actual ceoncertraticn wculd be rog-
rcocnted by a depressicn prcebebly much grcatsre than that
given belew, in eazh cz2ic,

h

. Y
Tne depression cf tiuc trasaln,;ﬂlnt in the chesk scils
increased at firstyatter wihicn it stuycd practieally ccn-
gtant. This is screwhat different than wnat was cbscerveld
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in the ease ¢t the Coleona =cil, ir which a naxiwum derrcs-
sicn and then 2 recelins of the depressicn wus securci, -
Thnis nistt pessibly be due tc the fact that thQﬂcx and vi-
anl ©cils 're tiner in texture and thus dco nct reach the
raxirur peint sc scen,  wheetine (40) tcund tnat the ftincr
textureld scils usually reguired lenler tc reach their raxi-
naw Jogroessicn thar the ccarser scils. It w2s nct until
after thirty cor forty days that be sccourced the maximun dc-
rressicns in scils of textures ccomparable te these in tnis
experiment, It wculd lcox 2s if these scils bad nct run
leng encugh to have passed thelir paxinun conccntraticn in
tlic scluticrh.,

Tavle 10 - rreczing Fcint Ceprossicrs, Peprees Centigraile.
v¥cx Saniy Leaw,
Treat., 0 D2ys o Duys 11 Vays &2 Cays AU Duys

ChizK, 0. 001 0. C11 C. G0 0. G13 0.01€
86 ¥ urca C.0U4 0.010 0.C21 C.C2A 0.024
1coo ¢ " 0.014 0.017 0. 027 0.07¢ G. 030
and 0.C10 C.023 0. 03¢ 0. C41 C. 00

FEe § 00" .01 C.C25 .02 0, OFl 0.0%2
1328 " C. 04C 0. 0AC 0,070 C. G20 0.107
mn

fovle 11 - frcezing Pcint Lopressicns, Pogrcos Centisfraic,
4iasi Jilt Lean,

lreat, O Days 2 Days 10 Days 17 Pays 37 Days
Check, 0. 010 C.01¢ 0. Gzr 0.027 0. 0«6
£ES *furea 0,013 U-ULO, U, G2e C.Gcd 0. G44
8¢ # " 0.C1¢ 0. 0LhH 0. 04C 0.034 0. 001
333 % " 0.017 0.0%¢ C. 0o? 0. 057 0, 066
geng ¢ " 0. 071 0. O30 0. 06z 0. 002 0.0G72
1203 " 0.0:¢ C. 036 0. 10C 0. 129 C. 134

43 the experiguht rrcedressed, the treated scils fave
freater Jdepressicns and the scils roceivin? the heaviest

arplicatiorns Lad the Srestest depressicns.  This is gquite
njtuval sinze tne p2tori2i adidei 4nd alsce toe nitrates



torined wculd tend tc lcser the freezing pcint., Therz is a
fairly gccd and regular correlaticn betwcen the tcotal ni-
trates arnd the depressicns of the freczinz pecints, The u-
rea itselt depressed the freezing points, 9s will te seen
in the cclurn headed O Days in Takles 10 ana 11, Hewevee,
th° results are irresdular and dc nct ssew te inldicate puch,

x2ept that the depressicrns are nct pecperticnal te the
raterial added. It sculd leccxk zs if there was scure a2bscrp-
ticn withcut reglzcerent, cr else gprscipitaticn, In the
Fox scil in Table 10, atter the tirst adiiticn, the depres-
sicn dces nct chanfe muca until tne lergest applicaticn is
padz, when it incereascs censiderably.  The a2bscrrtive ca-
ra2city of tne scil wa3s pcssibly net excecded by the lower
agplications, but was by the larSest zpplicaticn. 1o tie
di2ri scil (Table 11) therc is 4 slos but Sraidual increase
in the depressicn.. Tnis nay b2 dus tc the urea itselt c¢r
tc abscrpticn wito roplaccuent,  Hewover, rc detinite ccn-
clusicns can be drawn frca the f2y ard irrvejsular data 3c-
curei,

Tavles 12 and 15 shew the inereasss in freezing pcint

derre3zsions cver cheex.  The results in tio Choeek line are
tie actuai degressicns sccured., The tigures in thz cclurns

belew represent the awcunt in deseces Jentiirade belcew the
checg at which the scluticus freze., These fisures show

tihe rclative effects the ures alditicrns actually had cn

the scil scluticn., The etfscts rey have beern direct cr in-
dirccet, but they arc quite argreciable in rest caues,

Tavle 12 - lncrease ctf Freezins beint Depressicus Yelcow
A}

f)
Chicek.,  Mox Sandy Lear. (Degrses C.)

Treat, O Days o Lays 11 Days =2z Days 40 Days,
Check, 0. 001 0.011 0. 004 0.014 0.018

68 # urea 0,013 0. 000 0.013 C. 007 C. 008

leg # " 0.013 0, 00r 0.01¢& 0.015 0.019
333 & " 0. 004 0.013 0.0z2¢ C.02& 0.040
we " 0.01& 0. C17 0,04C 0. Coo 0. 0re

6
1330 " 0.03t 0. 030 0. (886 0. 0&1 0.02]



Tatle 13 - lncrease cf Frcezird beint Degressicns Belew
oneer,  Miapi Silt Leaw Ocil. (Derces Centijralde,)

"M

‘reat, U D2ys 3 Days 10 Days 17 Days 37 Days
cneck, G. 010 C. 010 G, Gzt 0,027 C. 020

8§ urzsz 0,003 C,01C
lea # " C.0Ca 0. 011
ol F " . GG7 C.013
ccd " 0.011 C. 070

ooy " 0.01¢ U. GZ3 j

0. (03 0.01%8
0,C1z C.0%o
C.Go0 C. 040
G, 030 0. 012
G, 0.3 . 1Ct

O O O G
L] . ]
Cc OO
o DD .
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In thz lighter treatiernts, tue increascd depressicrs
bLelcw cueck did ncl vary nu"h, whils the hzavier treatuents
caused the increascd deprzesicns belew cheek tc bezene great-
gr, Inere was scne ocrr01°t1on betacen the inerease cf ni-
trates cver checr 2nd the increasze ¢f freezin: peint de-
rressicn beles cheexk, bubt it was nct very 2lcse cr rnzll
dztinca,

The thecretieal insrease cof treczing peint depressicn
bele+ ehesg was 2alculzted uzing tie inerea2scd awncurt of
nitretss cver cneck as tne material that aculd cause the
derressicn, Fer this purrcese, fiZurss were chcsen trem re-
sults wnerce all cf tue urca nad =zrp2rently been nitrifisid,
sc that ncne cf the urea scull be present te atrfect the de-
pressicn.  Tne nitrates were 2ssuenel] to be in tre forn cf
Calcium Mtra2te anid ccuplctely dissceiated, wbich was pre-
bably the zasz in the s2ak scil scluticer.,  Eescver, even
cn tuis basis, the tinzceretical dzpressicon 13 very nuch less
than the chscrved depressicr,  This is nct sc strarsde woen
it 1s ccnsidered that the nitriticesticon prceoss, witn its
rrcducticn ¢t 2 strcng and 3 wcav 2cid, anrd the subscyucnt
selts, prcbably attects the sclubility cf juite a few cf
the scil ccnstituernts, Ancther indication that naterial
otucr then tihe nitrates wus causing tho increascd frecz-
10 rcint Jutrssslung w23 toe fact that c,uagicnaily toe
inerease Qn nitr&tecs cver check aculd drcp coftt withcut the
increase cf freezing peint depressicon t“lllP cfr., Alsc,
atien the tctal nitrates wculd rall ctt, the tcetal derrcssicn



cf the treczing peint weuld not be lowcred,
Cenclusgicns - Serises 2

Tre results frem tne preceding cxrerinsnts bive leli
to the tollcwin {e 3ra]l ccenzlusicns:

1- Urea addcd ¢ sc1ls at ratzs up tc 1033 pounds puer
a2rs six inches, i1s rcalils nitrificd.

4- Tne nitriticaticn ctf thez adied urca is apparventty
ratuer conplete in the swaller appliczticns, tut falls ctr
cnsiacradly in cospleteness in the lersor zpplicaticns,

J- The ritrification grocess apparently causcs an in-
~rease in the acidity cof the scil, at lcast ter a time,
tne ircrecase teing nere cr less ccrreleted #ith the 2pcunt
ot nitrificaticn

4. Thne additicen of urza causcs an incrceaze in the cen-
centr=tion cf the scii scluticn, tne ffect beins Sresatoer
tte mecre urca thot i3 added and tus 1conger the tine after
the 2pplieaticn, at lesst up te ferty daye,

2
1
iz

SeRlES 3,
Studies cn Veiatilizaticn of Awmcriz dgen Apply-
irz Urea to Ccleua, Fex, 2nri Miawi Scils.

Anctner series ct exrsrivents was begun basced upcn
lines suggested by tue results sccured with the Ceoleoma scil
in Jzries 1, anerc zreat arcunts cf Awwcniz were given ¢i
by tne ap: 11"3t1 ns ¢t very larze aacunts ctf urea tc the
scil, It wis dzsired to ascertain sincether the urea ”culi
velatilize irwon;g racn o added in guantities conyzrable
applicaticrs made in tne ticld, It such wcuid be thez case,
it wculd be a2 scrious linitins factor in its uss, Nc fu-
rcnia nas ncticed zening frew the Fox and #iawi scils in
Jerics 2, btut acre definite and cexazt intcerraticn cn thisz
Jucsticn w23 desircd,

G

Je

e

A - Vclatilizaticn ¢t Arzcnia Freow Cclcowa Scil.

)

fer this purpcsc, Cclore #ire Suand sieilzr te tihat



sed ir Jerises 1, was placsd in jars, Ziven the desired
treatrents, ani ary Ammeni2 veletilized deterrined by draw-
ir3 the scil air thrcush standard acid, The air was first
drasn thrcush dilute Sulphuriz A2il tc rewcve 2ny Auronia
th9t misht have teen in it., It then ¢ort thrcugh twe bet-
tlcs cf distilled water, in crder tc thorcughly wash it,
The water bath also served te ircrease the percent of water
vager in tho air, and thus Srcatly lcacred the arying i
fluence cf the aspiraticns cn the scils. By neans cf 3
tubing, the air entered the jz2r cf scil at the bettcen, =2nd
w13 drawn cft at the tep cof the Jjar, thus insuring 2 ther-
cush z2ceraticn of the scil, After leaving the scil, the
air was drawn thrcush tenth norwal oSulrnuric Acid, The
Sulphuric Acid was titratcd with tenth noruzl Pctassiun
Hydrcxide tc deterrinc the amcunt cf acid that had bes
necutralized by Awnzmcrnia. Tne aspiraticus wers condeotod
every twc cr thrace days, and the 2ir was drawn slcwly
turcush the scil fer cone hour at cach aspiraticn, dhen
nct beins azpirated, tnc jars werz clcsed tightly and they
nere always kKert cut ¢f the dircct light, nore cr less in
the dark.
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Tne expcerincernt was allcacd tc run fer twc and a half
woeks, atter ahich it was tf\gn dewn and the. nitrates de-
teruired in 1 to o ajuccus extracts cf the soils,  When
the urca was to be =2dded and rixed thrcugh the scil, it
wus disscived in the water used tc naxke the scil up to cp-
tiwum acisturc centent., In the case cf the tep dressing
treatuent, the arca cf the jar was calcelated and the per-
centuse cof an sere Jdeterrired, Toe pcunds cf urea that
acre tc be apriicd per acrc were wultiplied by this per-
ccntefe, which 3ave the astuzl #acizsht cf the urca to bte
put cn the scil in the jar., Tue tcop drcszing was made ot

a2re, which is the c-

[V

tiue rate cf 1333 pcunds cof ures per =

juiveslent cf two tcens ctf Nitratz cf Scda per acre. This
fizgurc is rathsr high tor a top droesing, but it was used
in crder te secure an ancunt that could be spread unifernly
cver the surfaze and alsc in order tc secure were gesitive
resuits, if any were tc be sccured.  Tne treatmeuts pixed

throush the soil acre: ©3 pounds cf urcz per acrs six in-
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cnes cf scil (cyuivelont tc 250 pounds cof Scdiuw Nitrate),
126 pcunds cf urea (ejuivelent tc 000 pcunds of 3cdium Ni-
trate), ©56 pcunds cof urea (cjuivclent to 2C00 pcunds of
Scdium Fitratc), and 1333 pcunds ct ures (eguivelsnt te
4000 rcunds <f Scdium Fitrate), Twe jars had nc urea ada-
ed, servins as a check. All of ths treatwerts were run in
duplicate,

Table 14 3ivcs the results cf this exgeriment, the fi-
dures being the averaies cf duplicates. Trhe numbsrs are
the cubic centimeters of tentn norwzl Avmcniun Sulrhatse
ferncd at each asgiraticn., These sers securced by subtract-
irng the cubic centimeters cf tenth nermal Fetassium Hydrex-
ide neesssary te nzutralize the acid, fren twenty-five,
tie rnunber ct cubic centiveters cf tenth ncrwazl Sulphuric
acid usci,

Yable 14 - Ancunts cf Aewonis Vcelatilized, Zxgiressed as c,c.
cf ,Ib (NHa)250a, and ditrates preduced. Coleru Seil.

Treat. 1 Day < Days O Days 7 Days 10 Days
Cheeiu, 0, 00 0. 00 0. CO C. GO 0. 00
€3 ¥ ursa 0,00 Q.22 G.00 0. 00 0.02
1v6 # " icst 0. 00 0. 00 0. 00 0. 3%
greg § " C. Q0 0, 0G C. 00 0.02 0,0.
128 " 0,00 G. (0 0. 00 0,12 0. 30
1oz0#% " 0. 00 C. C0 0. (0O 0.Q0 0. b
top dresse. 1

ﬁb5 prod.
Treat, 12 Days 14 Days 17 Days Tcetals p. 7. .

Creck. 0. 00 C. 00 0. GO 0. GO 17. 8
&3 ¥ urea 0. 00 0, CO 0. 00 0. 24 42,1

166 & " 0. 05 0. 20 0. 32 0. 94 38,1
5ES 5 0. GG C. 00 0, G0 u. 02 72,7

1333¢ " 0. 0C C. 00 0. 40 0, o7 272, ¢
1333% " 0. GO C.to 0. 60 1. 63 17.0
top dress.

It will te =con that tne results are nct very ccnclu-
sive cwirsd to small differeznces ard nany irrcesulerities.
The top dressing treatrent sppesrsi tc bs volatilizing scre

.z
D



Armenia teward the ernd of the exgerizent, altbcudh rct a
Jreat usal #as baing prcduced, Tne 166 pcund trecatment
also secred to be sivins cff scme Ammenia guite regularly
teward the end cf tie exrerisent, Tre €€¢ pound treatncnt
did nct Zive cfft any Anwmcnia tc sreagk cf, while the 1353
rcund treatrent nixed in, gave cft scme, 21lthcush nct =23
ruzh as tne 1€¢ pcund treatmwent, Thoese irreZularitics naxe
it difficult to draw any dcfinite ccnclusions except that
tie amwounts cf Awwcnige given off arz not very dreat at ang
cre tire, cor even in the a3<rafate, It can te scen that
the fizurcs in any cne case are net 1arse, and wri-nt bo

iue in part at least, tc experincntal errcr. Tne results
frcm the tcp dressins arc the cnly cnes that wight be call-
cl at all significant, =nd cven these shcould bz treated
wnith circumsgzecticn. Leckins at the teotal amcunt of Am-
menia prcduced withcut considcries the sizes cf the nunbers
that Zc to naxe up tnese tctals is liasble tc 2ive mislead-
i 2cnclusicrs., Toe total ancunt of Anncria given cff

Was never ncre than 2 srall tr2cticn cf the Nitrcden added
in the urea,

Iy

Hewever, by cemparing the last twe cclurns in Tatble
14, which givdthe tctal Amweniwe Sulphate preduced and the
nitrztes in tne 1 to o ajuzcus extract at the end of the
experinen., respectively, 3n interesting apparcent correla-
ticn is ncticed., The sreater the z2mourt of ritrates pre-
duzed, the lower tnz vclatilizaticn ¢t Ammeoniza. Thois cor-
relaticn helds tairly well thrcush-out the ancle experi-
rernt. Tiis is a lcsceal result, since the mere rarid the
nitriticaticn, the less will be the tendoncy for Awmnonia
tc accuanulate in ths scil. bc expianation can be cffered
23 Lo wny scme treatucnts gave this rapid nitriticaticn
and othors did nct. It does nct =zppear tc be corrolated
#ith the auwcunt of urea aldcd, and with the cxeeption cf
this, ccnditicns were as unifcrn as pessible in all the

Jars.

B - Vclatilization cf Awwmcnia Frexr Fex and Miami
Scils,

Another experinent was run in thc sars ssries, wsing



Fex 3undy Loan and 4iani 3ilt Leaw scils similar te tnese
used in Series 2, Tne gencral plan cof the exporincnt was
%3pt the same 23 in the Cclema experiment, exccpt that herc
scre cf the intsrmeliztz treatuznts were cuitted. Another
difforenze was the vae of 20 c,e. of Ztandard acid instes
ct 2o c.e., but this deces net aftcet the results., -

The fcllewirnd trzatments were uscd:

1- Fcx scil - Cuezk, rc additicns wale.

- Fcx scil - ures addoed 2s 2 tep dressing 2t rats cf
1333 rcunis per =2cre,
2- Fox s0il - urcs adled at rate cf 1333 pcunds per
acre 3ix inches cf so0il, and wixed in,

4« #iawi scil - Ciacex, nc additicns nale,
o= Mieni scil - urea addad at rate of 1833 pcunds ge
azre, as 3 tcp dressing.

¢- riaml scil - urca adacd at ratce ctf 1333 pounids per
asre six inches of scil and mixed irn,
My

“te trestrents wers ran in duplieate, the 2verafe of them
being repcerted in Tatle 1o us befcere,

The data fcr the Fox scil in T2tls 15 shew that nuch
sreater rezulerity cxiatoed then in the casc cof the Oclena
cr ¥iami scils., Twne tcp dressingd sncwed regfulae volatili-
zaticn ¢t Ammeonia, thce tctal amcunt beirns e¢lishtly hishor
Lhan was secured fcr tus Ceolconw scil., bcnc ¢t the cth v
rcesults trer this cxperiwent are of a2ny Srcat sizsnifics2nce,
while there 1s evidznee cf scme velatilizaticn in the ease
cf tue Fex scil #itn 15832 pcunds cf ures wmixed in, ani alsc
#ith the top dressing of the Miari scil, yet it is felt
that the results are nct redular cr larsdc encush to warr-
ent drawins ccnzlusicns frow then.

Here ajgair there is a ccrrelaticn in both scils be-
tween the tctal amcunt cf Arwcriur Sulphate prcduzea and
ancunt ¢f Nitratcs prcdunszd. In btoth scils tune tep dress-
irss vclatilized mcre Arreni2 and prcduced less Nitratos,
shile the 2rrlicaticns inccrpera2tea inte the scils vel-
atilized less Awmcuia ani preduccd mere bitrares,
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Table 1o - Amcunts cf Anzoniz Velatilized, ¥xpressed o3 2.
ctf JIN (MHa)zZ04, 3nd Nitrates trcduced, #cx ani Yiani
Soils

Treat, 2 Diys o Days 7 Bays 9 dags 11 Days

Fox Scil
“hack 0. 00 G.00 0. 0G 0,00 0. 00

1532¢ yreca 0,232 C. 14 0. 4n 0. 34 0. 3%
Top Dress.
1333% urea G, 00 0, 10 .12 0, 2¢ C. GO

Mixed in,

diani Scil .

“hazx, N, 0o 0.GO 0.0 0,0 0. 00
1:5523% urea 0, GO U.O. 0. 1C 0. 00 .0, 26

Top Dress.
1885¢ urea 0,00 0. CO 0. 10 0. 0% 0. GG

Mixed in,’

14 Days 1¢ Days Tetal t. F. D.

Cheex, 0.CO C. 00 0. GO 12,3
t

1333 ¥ urca 0, 32 .20 2. 14 raec
Top Dress.
1332 + urea .02 ¢, 00 C. 62 orn, 7
Mixed in.

Bhecxk. U.0C 0.0C 0. 00 32,0
1333% urea 0.22 0. 0C N.62 30. 8
Top Drese.

13334 urca 0. 00 0.00 0. 17 gl 9
Mixed 4ir,

ccnzliusicns - 3eries 3

Nc definite cenclusicns can be draan frow the vela-
tilizaticn werk, cwins te discreienzies and siall differ-
ences, but the fctlcaing indicaticns are given:

1- Tcp dressies with larse applicaticns cf urca may
czause a loss cf A¢mcnia by vclatilizaticn, if ccnditions
are darr. The lcus will probabiy het be very <reat,  At-
teution is 2alled tc the fazt tha L2 cenditicns in this
crics ¢f cxpariments 2r2 not rezlly cermparatle to a tep

ressins in tu2 tield, ey ar3 siamil2r cnly 1n that tue
eaterial is cn tep of the scil in beth eascs,  In the tizld

2
The
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the surfacze cf the scil 1z usually such that the urca #culd
nct Le 2cted cn nuch by the celapisws, cains tc the laci
ct moisture and sterilizins action cf the sun's rags., In
this scrices tne surtace cf the scil was meoist and in the
dark, sc tu2t bacterizl acticn cculd take plaze tucre,.
In the tizld, the urea wculd probably rct be brexen dowr
until it #as washed intc the scil, so it is thcuzht that
therc is nct nuch danjer ctf an a;;raciable less cf Awacn-
ia frow surface apzrlicaticns,

Z2- The urcea in the scil mg@y vclatilizze a little Amwcn-
iz, btat the lcss will nct be muzh, it any, acccrdird to
the results sscured here

nesidual rffects ot Applicaticns cf ursa, anid
Leaching con the KHecacsticn cf Fex and
¥iani Scils.

Tue last scrics cf cxperiments ccnducted was an at-
tengt to study the residual sttfeets con the scil reacticn
cf the arrlicaticn ct urea, “cr this purpcse, Fox Siandy
Lean and Miami 3ilt Leaw scils, befcrc doscribed, which
haa bzon treated with varicus amcunts ¢t urea, #were leach-
el scvoral tiwes with distilled water znd the rcaction or
P oactermined.

The scils dcrs tuz sawe as tiucse usad in the secend
scrics cf experiwents cn the nitriticaticn and effects cf
urca in the scil. They had besn running three menths when
this werk w2s dcne cn thew, 20 Zranz of ary scil, cr its
gyuivzlent, were aciZued cut =2nd spreed cver a filter pa-
per in a ten centimeter Euchrer funncl. Tue scil was then
#ashed ftcur times w#ith Jistilled water., The first washins

was o0 c.c., tne seccend was 100 c.e., the tuhird was 20 c.z.,
and the last was 50 c.,a, tazh leachats was saved and a
garple cf ths “cil@axn aftar cach wazhind., The pH value
was then deterwincd by the Suinhydrcre electrcde cn eaczn

ct tho scluticns 3ni scil sawples, 2as well 2as con the cri-
dinal scil. Toc wasned scils sepe then pluced in crien-
ryer flasks and «ept fcP ten days, atter which tiws the
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the tH values w#cre 22ain deterrined.  The ncisture durins
this ten days was slisntly above optisuw in the scils, but
acll below saturaticn., Ths Acrg was done with Juplicate
Jars, =2nd the data arc presented in Tables 1€ and 17, ths
fidures beinsd the s2vera’es cf the durlicates.

Locking ot the aats Lor beth soii‘ it #ill be seen
that cach washing terniz tco make the 1l and tne extract
¢hbtained trom the scil less 2214, lhlb wcull indiesate
that the ma2teorial eausing the 2cidity is leacnables, Tone

tirst oU e.,2. of leachins usually remcves ncre cf the acid
ccmpenents than toe l;ttur leacihinsg, a3 measured by weans
of tue increase in pi cver trat cf tne scil befcre leechins,
The scoend leazhirns cf 180 e.2, vsually irncreascs the thc
tH te scme extent, but the twe additicnal leacnirss of 50
.2, eacn ac net enanfe the pH cf the scil very nuch.

“t.ore 13 usu2lly a tandency ter tne scil tc bezcme nijher
in pd in the last two leachkings, but tune dilferercos are,

in mest gascs, witnin the experiremtal crrer.

ccrparins ths ph values cf the Mizni scil aftsr the

last lecaching (Table 17), it w#ill be secn that the inter-
podiate treatmonts #ith urea lott the scil 2Lout ncutral,
The kizhest and lcasst treatwents and the chess scil were
left slishtly acid., The lewerins ctf the pH cf the checek
scil by the last l"='1rf is peraibly duc tooarn error in
sampling.,  This wiiut cusily cccar thea 1t 1s Zensiizrsd
that tac water w2y nct So turcujn all cf the scil in the
3213 amcunt, thus nct le=azhins all cf the scoil in ths saue
ancunt, Hcenvze, in an attourt to s2curs 235 regrascntativs
2 3anple as possible, the sqple feor the phorealdins was
tazen feow sevoral glazes crn o the pagor,

In the ease ¢l tha tox seil, tne pH valuzs. cf a:l cf
the scils atter leaciing #erz2 abcut the same, altn:uju there
a3 a tenienzy top the neavily treoated scils to be slisnt-
ly mere acid than ths cther trocatments,  Tne weox scils ili
nct teccas naubtral poodmed a5 114 many cf the iiWL 3cl
aftor leaznins £r4aole 18),  This auwy be due tc tne sreatur
initial acidity ct the #cx scils, althcoush tne gH valacs
cf tnz 3cils dc nct 1nzreasc very wuza in the 12
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lzazhinss., Tris sculd indicate that an equ’libriaw is be-
in3 arproachzd, 2ni taz nzatral peint w9y nct bHe reacned oy
the Fox soils even with mucen oesater washinss.,  The nezv-
ier traatmerts sith urea causced toe scil tc have a muzh
lewer pH ovaluz betces lez2zhing besan,  After tae soils sere
leachsi, tuis differenze #a3 rcluced, showin3d toat sasning
tznded to wake tus diftercntly treated scils more alicke.

The abovae results frcw this zsxpzrincnt aSerez aclil
with scme aata rczeontly publisned by Crcoatase (14).  He
al32 fcunl that leaching scils with watee tondedl t- rziuce
their Hydroicn-icn 2encentration, and that the awmcunt cf
rziuzticn was3 inzrzaszd by in3r3a31ng the arount cf wasnins,
Fven wito g scil th4t wias 2lkaline to besin with, washing
increasel the alkalinity. He states:

"The inzreass in cil valus of the s30il after extraction
is not the result cf the re=oval of a definite arount cof
water 3o0lubtle acii, tecauss no amount of this order can
te determinzi by titration of the percolate, ani the cnanze
du= %o the removal of 2 certain amount of the solutle mna-
terial is sreater thar that due to the aidition ecf an e-
qual arcunt to the s0ill

- Censidzring the pt valu=s of ths extracts from th2
scils in Tables 18 and 17, cne taing is very notizable,
namaly, the extra2t trow the kiawmil scil i3 nearly always
mcrz 22id1 than the scil is aft the extracticn i3 mais,
The orrosits is truc in tue ¢ cf the rox scil, whers
the extract i3 nearly always less a2id thz2n the scil after

S5 extractad, dc winclly satisfactory cxplanaticn ca

21 for tnis, but 2 rcssible reascn for these ap-
y contradiztery results is clfterca,

The ¢H valuzs of tne sextracts frcr tne tuc scils do
nct vary n2arly sc muzh as dc the ph valuss cof the two
scils tnemselvas, 1t has bzen shoan by Pradtield (%,9)
ani i2Ccol ani dhcetins (2¥) that cclleoids extriaetzi freuw
soils arz acid, It is jwite probables that many cclloids
nere leached cat cf the scils 1n securing thce extracts, 2s



- 290

clculy. These cciloids may be larzely rz-

3 r the reaction ot thne extr-t, and tnus azzcunt
r bota cf the scils prcduczing extracis that ars azii,
Tha resalts ct ¥2Ccol and Tnooting (24) show that the pH
ct tne zccliciis frem th2 surfaze norizen is abcut the sane
in the three seils thnoy stuiisd, If it is trus that the
cclicids in thke surface norivcn cf scils in the sane lceal-
ity dc not differ a great deal fros each ctnsr, this misht
azzcount for tha sisilari ty in the ¢l valuss of the extracts
troa the tac scils, even th 501ls varizd scuesuat in re-

T

acztion. The surfase hQPlZ n w23 uscd in tnesc stadies.

W

-

Tne tacts that the ccllcids are 201id 2nd that they are
mrobanly ezreved te some extent from the scil by le=ching,
led tc the idza that this may aczount tor the ris3 in pH
ct the soil auen leszhed with watzr, It wcuil suer resasco-
able tuat ths recucvins of an acid censtitucnt frem tne scil
fcull be thnz causs cf the icazring of its acidity., #clccl
and dhezting (26,29, unpub, 1ata) have fcuni centradictery

3sults cn this point. At cre time thnsy tcund tnat the
raoval cf the ecllcias lcwersd the azidity cof the scil.
Hewever, in scaxz later worg they tcund that the roucval
cf the ccllcids scmetimas lett the soil wers acid, even
tnoush the cellzcids sers morz acid than the scil. This
is very diftizult to exgliin at present., Using to these
centradiztory results, a definite statsenent cannct be maac
tnat the remcval cf the coliciis 1s what caused the scil
te bacewms less azil cn beins leachel.,  howsver, ther2 are
indic2tions thnat this w2y be part of the cause.

¥xaminins nca the fizures sczured by detorainind the
gl oof tne scils atteor being ﬂxtraot@i Aitn water ani lzft
tc stand ten days (last cclumn Tablzs 19 and 17), it #ill
b2 ss2n tinat , in 3cencral, no Jrzat chandes have taken giaze,
The ressults arz more cr less irresular and in the Hiaci
83 # treataent an excepticn is noted.  Here the £B has
Juwped a Jrcat deal ani is up witn the cther treataents.
Tha most heavily treated scil beeare siishtly nere 22id
on staniins, Herzs tns aciil prcduzing tanteors agrarently
ara 3till at werg atter the scil has becen leached., In the
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ca3ag cof thz scils in wnizh the pH did nct znanss, ths acii
prciucins tasters werz eithasr rsucved or rendzreld lnastiva
for at least tzen day3 by tihc lsazhing,

ccnzlusicns - 3zrics 4

The tcllewins Jﬂnoral conzlusions may LS 1rawn trem
tnis szrics ¢t exgerimants

1- Leacnin3 a2 scil nltn watzr tands tc waze i
acil, possibly duz in rart to the remcval cf the aci:
scil celiciis,

Z- The tirst lzacninss are mers acid than the latter
leachinss,

3- AMtaer baict leached, the soils tenicd te stay the
saic, cxoept in tho ca3e of tnc hcaviest treatments, shere
they bzemue were 2211 on stanldins,

Y

aei AL DISOUSIIUN

Tuc larzo amcunts cf Asmenia tereed in toe tirst Jer-
izs, withcut the subs2jyuent terazticn of nitreytes shoss
that awronifizaticn stulizs are net necessarily a truc in-
Jization cf tia availability cf the waterials tc *he plants,
assuwing that they use nitratzs 235 the main scuarce cof Ai-
trcszn, It has beoen assunci by scre that nitrifieation
tcllows alons atter %iﬁllilf'%i%n a2t abcut tne saa2 ratz,
ani that measuriang crne #will alsc neasure the ctner, This
L2y usuilly be the cass, dbut it haz bz2en shcan above tuat
nitrifizaticn dees net alaays nezessarily tellea after ar-
monitfizaticon has taven place, Lipman and Purssss (22) nave
alsc brcujht tnis fact cul, whzre they fcund that hish ni-
trification was nct nceessariiy ccrralated with high ammen
ifizaticn, werxins with scveryl crianic opsamts Mitrcizsn
carriars in scvoral scils., As will b’ scen Dy ccuparing
Series 1 ani %, tue conditicons undcre which tne tasts are
ccnduetzsd wculd heve sore influcnze on the rosults ottain-
ed. The larsc azplizaticns cf urea did not tMon nitrates
after fMdnin2 Amncnia, ahile the swaller applications all
trchel nitrates
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The applications cl urea as wade in the first seric
culd not be w2de in the tield teo a soil cf this taxture,
sinze wuch of its nitrecgen weuld be lost a3 awmenia,  Hea-
cver, thers are other tactors anich wisut tend te liwit its
use befcere awcunts conpar+nle to tuese sculd be used. Toe
law cf dizinishing rctures aculil prcbably be cne cf the
tirst factcrs liniting its usc, ceven thcusdn the prics cf t
the matarial aas couparatively los,  2dncther factor is tie
juesticn ct whether plants would live in 2 soil soluticn

13 conczntrated 23 that ct these exreriments.,  This 3xgceri-
zont dces szrve te sacw that therz is 3 biclogical lirit
1bove wnich urcz2 cannot be 2prlizd with the expoctaticn

cf sozuring nitrates, It wouli bg intcoresting to scee whe-
ther the limiting céncentraticons fer plant srowth soulid

be reached tefore tn. limit ter ccwmpletes biolcdiczcal acti-
vity wculd b3 reazhzd,

Zten addiei in amcunts ccmparabls tc and slishtly in
cxz228s of amounts c¢f nitrcdznous fertilizsrs ncw usel, urea
provad to be entirely satistactory 23 2 nitrcjgen carrier,
Juifing Oy the nitratzs rrcduzed 2ni considerins conly that
rnase cf the rzjuirerents of a 3ccd nitrcian carrier,

Since the sualler apzlications of tae urea azre apparently
ccinpla tvly nitritici, and the larzer cnes sers nct, it wculd
cear 23 it the juickest 2nd sreatest rcturnb per Jdcllar
ent on the natcrial would be sescurzsd treow smaller appli--
ticns at onc timz. This deoes net necessarily mcan that

he material unnitritied duri-s ti~ ccourse cf this cxreri-
ment will not later becows availabiz cr nitrified, The

very ragid niteifiizaticn ct urcea shculd bz ccnsidsred

when arplying 1. te corcps suzh as the frains, wherc an ox-
cf nitrates carly in the Jrcain?d cericd nay w2a4en toe

ncral charactaristiz ¢f 21l of the tables i3 that
arplicaticns reazted were quizkly in the scil

i hc~v1 v applicaticns, The larde umcunts cf

1 aidei secred to bo ncre or loss cf a sheek to the

scil, the eftdcts ¢t waicn had tc be cvercone befors the

a:idvantasiecus results ¢t the heavice treatments would be
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noticuable, Alter the shock #as ovar_gcoms, the mcre nsav-
ily tre2z2tzd scils aculd usually fersc 2head cof the scils
with swaller appliezticns, althcush a3 2 rule nct in pre-
rertion to the extra atcants added., In scme casas, where
the agplicaticns wzee vary heavy, these c¢ffects aculd no-
ver be whelly cver:soss,

colcua tine Sand w43 treabted with urcs in awounts
ransing frer .o% to ¢4 the azisht cf the scil, Thesc nare
Kept 4t cptimum mcisturs and freguently acrated. Frcu tiac

tc time the nitratss, byirc3en-ion conczntration , and te-
tal ccuzentraticn of the scil sxteazt were Jdoterained, on
the varicus treatzd aind antreatzd scils.,  Tue results shos-
24 that urea @15 awncnificed very quiczckly, but was not nitri-
tizd., In the 3% troateent, very little ammeniticaticn ag-
parently teexk place.  With the excspticn of the chozd aal

oo treatzad scils, ammcnificaticn #2s 3o great that amnonia
413 siven coft in lar3s juantities from the scils.

)

Tue soil was zade alxaline by the aaditicn ct the urca
and subszjyucent fcermation cf 2amcnia, A pericd cof maximun
2l44linity was resached, aftere which it decreascd, Tne 2c¢n-
azntraticn of the zcil scluticn was increased by the treat-
mants 2c2crdind te both the sizc cf the treatrent z2nd the
lensth cf the experiment. A pericd cof waximuw ccneentra-
ticn xas rzachad, after which it declinsd., Tuers was sonc
correlaticn betacen the tine of vexicuw alkalinity ard zcn-
centration, indizating that tne incrz4sed ccnesontraticn cf
tne scil scluticn was prebably due in part at least tc the
ammcnla fermed,

A Fox Wine Saniy Loam 2nd a ¥iawi Silt Lean were run
in the sanc w2y, the trestoents ransing trem nc urea 2aii-
ed te 1333 rcunls por azre six inches of scil. Tac nitrates
incrcascd in every treatuwent the lenger the exporizent ean,
The larser thz accunt of urca 24i2d to the scil, the mere
hitrates therc wares fcorm2l1, but the incrzased nitriates
acrc nct in proporticn to the extra arcunts cf ursa alied.



-43-

In only the tso smallest aiditicns was there an inlication
that all thz urea adiel ais uitrilied in tue time cof ths
expariment, Thz acility of ths scil increaszd mcrz or less
witn the tine cf trhe exgerinent ard the ancunt cf urea ai1id-
ed. Tois means that the nore nitra.cs there dcrs rreduceld
the nere tne 22131ty increzsel

.

The ccnenetraticn of the scil soluticn increas2d wituo
tne 21diticn cf ured ana gurind tne tise ctf the e
Tnis r2ans tnat tne mere nitreatzs there woere g
were ceneantrated the scluticon beearmz,  hHewzsver,
crzas2d coemcoatraticn was nc t 211 wue tc tne extira nitrates
reciuzed, in and ot themselvas, altucush they £Cs3101Y 1n-
dircztly 11t,

Q

ot
(@]

Tune Belermz, Fex and +iawi scils acrc treatced aith ure
23 2 top dressing of 1332 pcunis per asrz, alsc with urea
rixzsd in th2 scil 2t rates up tc 1333 pcurds par acre six
irel»s. They #erc espirated trow tine tc tire and any anmcn-
11 given cff was detoerxine:r, Tue results sore dncenclu-
31ve tut indicats that ursa mixed alitn tne scil in tns a-
rcunts us2d 3id nct cause anrcnia to bz lost by veolatili-
zaticn iu any ag;rcc1aal amcunt:. he tcp dressinss of
the Fex and Ccleowa scils lest wuwcnia, #uile that cf thes
Riami scil lest livtlz it 2ny. The wers nitrates there
were proluced, the less amncria btucr: 835 velatilizeld,

A2x and “¥iani scils that had ure2 2idedl in ascunts

rangins tros nonc te 1333 peanis per acre six inches, and

ot throe wentns, were leachzd sith watzsr,  fcur leachings

4202 sads anl tuce ph ovalaes ot the extrects as acll as cf
?tarmincj.

tre scils beteore ana after caczh extracticn were do
vasncd 3cils were «cgt for tern 1uys af'ter ahic
w23 a2a21in deternincgi.

n 3

-
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—
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The rasults shes that the scils becan: acil aith
e12h leazning, althoush th= sreatest chanics 1s 3 rule w2re
orouzht adcut by the tirst ¢ lzachings., with the exz:2
ticn cf the heaviest tzoa,., +“, washin 11

S the scils cause
tuz 1iffsrent teeatmwents in each scil to become 2bout alixs
in tH, Tue lowcred aciiity of tnc scils frem mashing is
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thoufnt to be partly duc tc the wasnind cut cf scme of tne

cclloids trem tue scil. The cxtracsts free the Eismi
scil wore usually mere acil than the extrazted soils, t o3
oppcsite beinsd tne caszs with the Fex scil,  Thus tne ex-
trazts frem the tac scils acre cleser in phi thuan were the
scils tnsuwselives., This i3 theught pessibly te be du= te
the 2cileils in the cxtracts frcuw the scils beind nearly
alize., The extrazts from tns scils becawe less azid #ith
each leactuing., After staniind tor ten 1ays, ths extracted
scils 41d nct charnfc wuct in pH, exzept tnat tne zcst hea-
vily treatel scils beecans wcre .Vlj.
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