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FEASIBILITY CE PARTIAL NEUTRALIUArIOI{

IN CORRECTTNG SOIL ACIDTTT

The important question of the most economtcal

amount of llme to apply tn co:.rectlng acld" soils has not

yet been satlsfacto::ily answered". Thls ln pa::t ls because

of the heterogeneous nature of the soil and. the many

faetors lnfluenclng response to l1me. fhe dlfflcuLtles ln
id.enttfylng the varlous lnfluences whleh d"etermine responso

to llme are not easlly overcome.

Flshen (fs1, after revlewlng experlmental work

deallng wlth problems of soil reaction, states, rlThe very

complexity of the sol] mllltates agalnst any stngle faetor
belng the sole cause of soll aeld.lty.tt Probably the low

productlon of solls usually attributed. to acld.lty resul-ts

fr"om tb-e lnteractlon of physicaL, chemlcal and" baeterlo-

loglcal soll- propentles. $o5.1s vary ln the amount of 1lme

requlred" to br"lng them to hlgh productton. Other thlngs

may be need.ed. as rmrch or even more than }lme to brtng soue

aeid. solls to satlsfactor"y yleld"s.

Eeonomic llmlng becomes parttcularly slgnlflcant
on solls of tnltlal 1ow productlvlty when the cost of 11m-

lng ls hlgh. The outlay for Ilme necessarlly rmret be very

lLmited. on there is no proflt from funprovement. fn western

Onegon a cond"ltlon exlsts whone hlgh lLme costs on extend.ed"

areas of marglnal cultivated. land rend"ers the feaslblllty
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of llmtng questione.ble. The Molbourne and. Dayton serles

eomprlse a large pontlon of thls class of soLLs. The two

serles replaesent more than ten pen cent of the agrlcultu.nal

1and. of the Wlllarnette Va1ley. The extent to whLcb. the

unpro&retlve ar:d fnequently actd l-and.s of thls reglon ean

be lmproved. wtth stal1 appLlcatlons of llue ls an impor.t-

ant subjeet for d.etalLed stud.y.

Revlew of the Llteratur:e on Cnoo Resoonse

ttmesVanylng Anrount-s of

Sllpher (41) su.lasarlzed d.ata fnom seventeen state

experlment statlons and. found that 1lght rates of 1lmtng

were more efflclent per unlt of 1lme than were the heavy

appllcatlons. Whlte and" HoLben (bO) eompaned llaestone
appLled. (a) at a rate to fuL1y eonrect acldity, Veiteh

method., (b) 1081 pound.s, end. (c) 840 por::rd.s on th::ee soil
t;rpes. The smaller two appllcatlons pnodueed. twlee the

pnoftts of the heavler applicatlon. Crowther. and" Baeu (ff)
fotrnd. that over a period" of years small frequent lime

appl.lcattons were more economlcal than the affae amount

mad.e tn a slngle appllcatlon as loss from 1eaehLng was

d.eeneased.. Brenchleyts (7) neeults showed. a 1oss where

eLlme and llmestone are used. lntenehangeabl,y Lnthls sbud.y, and. ::efer to the carbonate f orm of -11me,
except where othenwlse speclfled".

to
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heavy 1lme tneatrrents were used" wlth marlure and" phosphate,

but a proflt wher"e 1lght dr"esslngs lrere used.. $td.g1ey

and. Solser (29) applled lLme wlth and. wlthout ouperphos-

phate at ratos of one-founthr one-half and. ftr1l Ltme

requirement by the Jones method, Applleatl-ons of ono-haLf

the llme requirement were as effectlve &s the faLL requlne-

nent. $rrpenphosphate lnereased the effectiveness of the

suaLler appllcatlons. Hutcheson (21) found. the economlc

r.ate of L1m1ng varled. wlth d.lfferent crops. SLx hund.red.

pound. applS.cations of llmestone pnofltably incteased. yteld.s

of soyboans, corn and rye. targer appllcatlons d.ld. not

p&y. Potatoos, oats and. whoat wene not beneflted. by Ilme.

$weet clover, alfalfa and. rod. clover requlned" ono ton to
prove profltable.

The posslblllty of reductng the amount of ltme

neoessary to p.oduce crop$ by locallzlng the llme ne&r the

seed. has been suggested by some wo::kers. Mc0osl (211'fffixrd.

on one eolL type that applleatlonE of 552 pound.s of Llmo-

stone ln the row werCI as satlsfactory for alfal.fa as tlrree

tons bnoadeast. Tho nesults obtalned by hlm on other soll
t;rpes d.lff er.ed wld.e1y. ALbroeht and. Polrot (5) d"oubt the

neeesslty of neut:rallzlng eompletely the acld"lty of the

surfaee soll. They bellove that enou.gh lime to provld.e

1oca1lzod" eenters of lfuned. soll aeeesslble to the roots may
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be alL that ls need.ed. Three hund.red. pound.s of 3o mesh

LLme drtlled. wlth the seed. w&s as effeetlve as E00o pound.s

of 1o mesh 1lme br.oad.cast. Both Mecool and. Arbrecht were

uslng Llne pr'1mar1Ly for its good. effeet in seeur"lng

lnoculatlon of legu.uos. Dawson and. Evans (1A) found. tbat
one ton of lllaestone applted as a top d.resslng ne&r the

seed. was. as beneftelal as eight and. a haLf tone mlxed" wl.th
the so1l. They repont that plants r:equlre only sufflelent
llmo to he3.p them over the genmLnatlon period".

fhat thene were solao excepttons to the benoflelaL
effeet obtalned. from smalr. appllcatr.ons of lime ln the

aborre studtes ls srgnlfloant. FractlonaL neutzaLlzatLon
d.ld. not prove feaslble on all soil types. Eurner (4s)

obtained. xxor36 pnomlstng results wlth l-arge slngLe appl-l*
catlons than $rLth small annual treatments on d.etenLonated.

solIs. Ee st:ressed" tho need. for maLntalaing a su.fflelsnt
regerre of calclu.m carbonate in the soil to malntaln th.e

d.egree of saturatlon of the exchango eomplex at approxl.mate-
ly 80 per cent. Bauen (sro) r.eports that a fsur ton ltae
applleatton gtves fulL benefleLal effeet on crop yleld.s for
at least elght yeaxrs. From fieLd. d.ata he shows that it ls
more eeonoeieaL to apply one heavy appllcatLon than ropeat-
ed' s,oaIl appllcatlons. salter (59) obtatned 11ttre benefLt
ln placlng llme cl.ose to the seed". He poi.nts out that lime
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Ls not soluble lrurediately and the effect of llme wouLd.

not be ovld.ent whea the seed. genmlnates.

fhat the econoutc llmlng lfuilt ts d.etermlned. by

plant response and. uay be loss than complete neutraLlzatlon

ls evld.ent. Fteld. d.ata show that the 1lme requlnement of

the plant le as lmportant as the lLme noqufu:oment of the

solI. A pnofltablo rate of 11mlng on one erop may not
prove profltable on another crop wlth d.ifferent lirae need"s.

!&rch expentmental evld.ellce shows that the physlcal,

cheurleal, and" blologlcal propertles of the eolL approach

mone closely ld.eaI eonrll.tlons for plant gnowth whore the

soll ls nea:: neut:rallty. On aeld., thonoughly leached.

solls, horvever, other factor"s than lnere neuh:allty of
neaetlon a::e lmportant ln d"etermLnlng cnop ylolds. Ifutniont
couposltLon and avallabll"tty of other nutnlents in the sol1

to whleh 1lme ls app1led. affect the crop pospoose.

Sol1s Stud.led.

?he Dayton and Melbourno solls ar"e nature sotl t5rpes

d"eveloped under. a ralnfall of 58 to 46 lnches. The Dayton

ls a wet valLey floor so1l d.eveloped und.er lmpenfect draln-
age. A clay pan oecuJss at a depth of 1O to L6 laehes of a.

very compaet, lnnpe::vi.ous, plastle cLay honLzon 16 to l"B

lnehes thLck. The soil Is locaIly known as Ewhlto land.s.

The



The Melbourne Ls a red. h111 soll" appnoachlng lateritle
charaetenlstlcs. rt ls deveLoped. und.or good. d.nainage and.

ls der'lved fnom sand"stones ar:d" shales. rt ts charaeter-

lzed. by brown surfaee soll and yellow oI" :red.d.lsh yellov
moderately eompaet subsoll. fhe soiL ls thoroushly Leaehed.,

low ln bases and other nutrients, and. Low in th.e capaalty
to hold. basos.

Table L shows that the d.egnee of aoldl.ty Le streh

the same ln the two soLls but the Dayton is htgh ln eon-

etituents normal}y pnesent ln fenttle soils Ln eontrast
elth the !,ielbourne whl.ctr'ls low ln these constltrrentg. AL-

though the Dayton soil ls reLatlveLy strch higlrer ln plant
nutnleats, a poor physlcar cond.itLon of tlre subsotl" limlts
crop productlon. The Melbourno soLl ls d"oflnttely Low in
fentlllty wlrteh effeetually ltmlts cnop prodrrctloa. Both

solls are acld. and the need. fon llue has beon establLsheG

(+:e1. w111 theee sol1s, d.iff erlng but slightly ln ::eaetloa
hrt so uater:la11y ln ehemlcal compositlon, :requfu"e the sairro

llue tleatnents to luprove cnop yteld.s? Tml1 the sollg
r"espond. profltably to 11m5.n9, end. if sor at what rates?

Plan of stqdI

' Tnth these problems tn mlnd. tb.e followiag factons
lnfluonclng the raesponse of the Melborlrne and. Dayton soiLs
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Table 1. Cha:raetentstics of the Sol1s Used. ln
tho InvestlgatLon

Average of SeveraL DetermL-
natlons on the Untroated" SolLe
Drrlng Perlod of InvestlEatlon

Melbotrr"ne Dayton
8ol1 SolL

H-lon eoncentr"atlon,
expressed. as pII

ttme Requlnenent,
tons per acro CaCOU

ColLold. Content, per eont

O::ganlc Matter, per cent

?otaL l{ltrogenr p€r eent

Base Exchange Capaelty,
U.E. per J-OO gms. soll-

Replaeeable CaIelutr,
M.E. per 1-O0 gmsr solL

Replaeeable Hydrogen,
M.E. per LO0 gmsr sotl
Waten $oLuble Oalcfi:m, poprtrr

Nltrate Nltrogenr p.prtrtr
(Avenage of aLl d.etermlnattons)

Avallab1e Phosphorus, .l
prprror POn acld. solublea

SolL C1ass

8.29

2,72

19.90

L.46

o.059

5.74

1.5L

3.50

]',2.6

3r4

10.6

Clay Loas

5.9O

1.60

21.50

2.4A

0.06?

15.09

8"22

1.95

45.5

27 .O

319.2

CLay

18, **r.og method. ( +g ) .
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to llmo tneatments were stud.led.:

1. Flant response to dlfferent d.egnees of aci&lty
&. As measut3ed. by erop yleld.s

b. Ae measured. by reactlon o:r pE of thesoll
c. As meaeured. ln terms of lime requlre-

ment.

2. Bactenlologlcal response to d.lffe:rent d.egreesof aeldlty
o.. Nltrlfylng power- of the solL w-ith

lLme and. fertiltzen tneabments.

b. Nodulatlon of elsve:r wtth limlng.
3. AvaLlab1ltty of nutriests at d.lfferont re_

actLons

4.

&r Calcfu:m avaLlablo wlth 1lme treatments

b. Phospho:rus avallable wtth Llne tneat-
ments

cr Toxins that uay be prosont as a r.esuLtof sol1 aeld.lty.
I{atr:::e of th.e exchange couplex of t}re soll

Lr Exehange capacity, exchangeable bases,
and. natune and. auor:nt of oxchango
anLons

b. Degnee of eatrrratlon of the exchange
complex of the solI

cr Satnrre-1ld degree of weatlre::!.ng, and.
eompositlon of soll_ colIold.s"

Satur.e of the soil acld.s

&. Strength and. buffer eapaclty of the
soLl acld.s

b. Sature of acld.s

Lrra

and. soiL d.egenenatlon.
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Gneenhouee Studles wlth Yarying Amounts of Lime

?ytrlleaI samples of the Melbourne and Dayton solls
srere seeured. from cultlvated. fLeld.e. The Dayton sol1 wae

collected. at the college far.a near conva1lls and. the
MeLbounne soLl east of Monmouth. the soLls lrerie thorougbLy

mlxed. and. plaeed" 1n pots ln the g:raenhouse. The tnoatments

Lnelud.ed" grmrnd. llmestone at rates varylng from z5o to 6000

pound.s ar:d grpsum at b00 pound.s pen prOO0r0OO pound.s of
soll. All tneatments were 1n t:rlpllcate: two woro planted,

to ned, cloven and. one left farlow fo:r labonatory tests.
After geruinatlon, the plants were thlnned. to ftve ln each

pot. fh::ee euttLngs were obtalned.. Tho d.ata show the sum

of the thnee crops wrth the yleld.s of the dupli.cate tneat-
ments averaged..

The nesults of these tnlals &re shovvn Ln Table 2.
Ehe DaSrton so1l produoed. lncneased. ylelds of red. clover evon

wlth the smalleEt arounts of Llme applied.. a l"laqe appLlea-

tlon of 25o pounds produced. an incnease of ls per" eent and.

the yleld.s were stead.try lncnoasod. wlth la:rger applioatlons.
The smallest lnerement of 1lme produced. the gr.eatost
propontLonate lnerease ln yleld.s, yleld.e of the unLlmed.

Melbout"ne sol1 are less than one-flfth that of the Dayton
solI. The heavlen lIme treatnrents and. gytrrslxr proved. beae-

floial but the Jrj.eld.s are stt11 far bel_ow those obtalned. on
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the r:nIlmed. Dayton solr. obvlously a three ton llmo
app1leatlon, though rt causes a slgnlfleant lmprovernent

of the Melbounne so1I, ls unsatlsfaetony and 3-lghter
tr"eatments causo no lncrease ln ylelds.

Rates Methode o{ Plaeemont

suecess wlth light appl!.catr.ons of lime ehould.

d.epend ln part upon the plaeement. Three method.s of
plaeement were used.: (a) lime mLxed. wlth the solL, (b)

ltme localLzed one lnch below the seed, and. (c) Ilme mad.e

to adhere to the soed. by rulxlng wtth corn strmrp. The :re-
sults a:re lncIud.ed. in the d.ata of table z. on the Me1-

bounne soLl, slnee d.eflclencLes othor than lLmestone have

llulted. yLeIds, data on lLae plaeement are not slgnLfieant,
Ivllxlng the llme throughout the sol1 pr"oved raore effectlve
ln lncneaslng yleJ-d"s on the Dayton soLl than localizlng the
}lme near the seed' gince the plant noots wlthln a vory
short tlme have grown beyond. the area of llmlng and. the
majon pontlon of the roots are not in contact wlth the
11me, the nesults appea.r r"easonable. Based. upon thls
:reasonlng }1me near. the surface of the soLl shoald. not
prove as beneflclal as lime mlxed. throughout the root zoner
thls Ls mo*e apparent wlth pot st*dlee than under fleld
eondltlons because of the small quantltles of soi] tn th.e

enq
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pots.

Durlng germlnatlon, accord.lng to some reports
(5r12r26'), plants are 1n greatest need. of lLme. General-

lzlng such a concluslon would 1ead. to appllcatlons of the

]1me near the seed" fon best responso f:rom smalL appllca- 
l

tlons. fhe nesults above, however, make lt qirestlonable

whethen ltme plaeed. near the seed at plantlng would. be

effectlve durlng germlnatlon. Lack of response rnay be due

to the slow solublllty of the }lme.

flhe most that the above d.ata show wlth reasonable

centalnty Xs that the Dayton sol1 pnoduces greaton crop

yleld.s wtth llmo treatments than wl thout and. thst the

Dayton solL ls responsLve to small app}lcatlons of lime.
The l{elbourne sotl yleld"s very Ilttle even wltLr htgh 1Ime

tneatments.

NodulatLon qnd. InoculatLon

Eegume yleld.s are d.epend.ent upon good. lnoeulation
and. noduratlon. a nrrmber" of experLments have sholrn that
1lme lncreases nodul-atLon and nltrogen flxatlon by legu"ures.

Llpman and. Blafu (25) found. a greater number of nodules per

plant on so;rbeans grown ln llmed. soll, A1b::echt and. DavLs

(Zl ad.d.ed. calclum carbonate to calelum d.eflctent solI coil-

talnlng nodule organtsme and obtalned. increased. nof,ule

p:roductLon. They beLieve llme exerts a physlologf.caL
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effect on the plant and. baeterla to favor nodulatlon.
Beanlan (gg) reponted. that nouhral calclum salts Lnc::eased.

nodulatlon, 1nd.lcat1ng that acld.ity has no d.ireet effect
but calclum ls requlnod. fo:r lnoculatton. Hls d"ata show

that lnfectlon oceurs ln ar: ea:rly stage of the plant! s

gnowth and. not after maturlty. LLue applled. nes.r the seed.

should. supply caletum at the cr'ltlcal tlme for lnocuratlon.
DooLas (ra) for:nd" that nodule organS.sms remalned. vlabLe

ln the soll wlth the reactlon nanglng from pH 5.9 to 9.5
but that lnoculatton d.oes not take place unless aaLctr:sr

ls ava1lab1e. Mc0ooL (ee; states that the beneflcial"
effeets of llmLng logn.mos Ls d.ue par.tly to moro favorable
condltlons for the growth of nodule bacterla. $ttnogen

flxlng bactenLa ane sensttlve to a deflelency of calclus.
TYhen the success of the legume crop d.epend.s on the d.eve3-op-

ment of nodure bactenla, small amounts of llue nea.n the
seed. mlght prove satlsfactony. ?he abovo eon&ttlon ts not
pnesent ln the Melbou.rne soll but may be pnesent tn the
Dayton as the data of ttreso stud"ies lnd.tcate.

after" the thlrd" cuttlng of elover the noots were

removed. filon the soll by canefur waehLng over a sGroorl
?he nodures of maeroscoplc slze Erere counted.. ?he average

number of nodules wlth the dtffor:ent rlme treatments ls
gtven ln fabLe 2. rnooulatlon of the soed. nesuLted. ln arr

Lnereased. nrrnrben of nodules on the noots. rnocuratLon wlth
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llmtng produced. the largest nunbor of nodulee. The

smallest amorruts of lime appIled" rnere almost as effeettvo
ln lnc:reasing noduratlon as the hesvy 1lme tneatmente.

Yleld.s apparently were not d.etermLned. entlrely by

nodulatlon. The r:oots, eorr"espond.ing wlth the tncr.easod.

top yleld.s, are more numerous wlth 1lme treatments. Thls
aceounts ln part fon the gneaten nodulatlon; howevon, the

larger ylerd.s are no doubt partly due to better lnocula;
tlon.

Fnou these nesults lt appears that small appll-
eatlons of lLme rrerre r"elattvely uore effectlve than range

appLlcatlons ln ineneaslng nodulatlon of clove:1. $l.nee

the smalL amounts of lLme ueed. d.id not alten the sotl
reactlon appneclably, the nodule bacterla apparentLy were

not as sensltlve to an acld. i:eactlon as to tho calcfi:m
d.efLcLency of the sotls.

At tlflclal lnoculatlon lnoreased. the yleLd of red.

cloven 14 pen cent on both the Melbourno and Dayton soLLs.

Yleld.s shouLd. be mater.lally lncreased by lnoculatlng Ll.aed.

soLl lf Ilme ls beneflelal to the organlsms causlng

lnoculatlon. Maxiunra response fr.om llue ls d.epend.ent

upon kfeetlon of the eLoven wlth a vlgonotrs stnal.n of

nodule bacteria, therefore on the lLme treatraents repont-

ed. all seed.Lngs were Lnoculated..
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4aetor..g tln*5lne Respggse of Cl-ove:: to IrLae

?neatmente on Melbounno SolL

As the greenhouse trlals show a d.eflnlts LmBnove-

ment tn the crop produelng powor of the Dayton soLL wtth

lirre treatmente and. no appreolable returns frop the l!.ms

wlth MeLbou.nne soil, experlments were stanted to d.etenmtne

tho cause of the low yleld"s on the $lelbourne sol1. Arr

effont to flnd the treatmont that ryould. gLve satlsfsetor.y
ylold.e l.nolud.ed. vanlous comblnatlons of fentllizers and.

Ltme applled. to the eoli. fL::et 1n pots and. then in the

fLeld.. The results fbonr the pots a:ro ehoccn ln ?abIe 5.

All tneatnients gave some inenease above the untreated.

so1L, but the ou.tetand.lng nesponse wes obtalned. wtth

trarttlne, phosphate and. Il.me. Phosphorus proved. lao]re bene-

flclal than any other fentllTzer add.ed. ThLs lnd.leates

that phosphorus Ls the p:rimary d.eflelent elemont Llmtting
growth. of crops on thle soll" Phosphorus mrst be supplted.

before slgnlflcant reeporrge Ls obtalned. from Llne. The re-
sults lnd.lcate also that the $o1l- ls lacklng ln organlo

matten.

A fe::tiIlty trla1 wlth the Melbourne sol1 ln the

fleld. (Tante 4) eho$s eonnobonatLve nesults. Tlre aver&ge

ylel-d. of ned oloven on good. solls ln thLs negl.on is tvro

tons pen Lcne. lilho best 1ftne and. fertlllzen treafuent tn
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?abLe 5. 3he fnfluenee of Lirae and. Fer.tillzen
Troabmente of Melbounne Soll" on the Yle}d
of Red. CLover - G::eenhouse Stud.les

Bato of Bed. Oloven
ApplleatLoa Yield. ln

lflneatment Lbso per3 Clms. Dry
Acne ffeleht

For Cent
Incnease
0ven Check

Sheck

tlmestone

Etuestone

tl,mestone

Llmestone
Trob1e phosph.ate

tLmestone
Bneble phosphate
Manu:re

Sod.lum uitrate
fneble phosphate
Potasstus ehlorld.e

$od.lu:s nLt:rate
Treble phosphate

Tr"eble phosphate

EuperphosBhate

$ypum

Ll'meetone
Sulftrn

Llnestono

I{o tneatuent

2000

4000

6000

4000
Lo0

4000
Loo

10 tons

2CIO
Lo0
100

200
100

100

500

250

200
50

200

51.5

95.0

s6.5

a6.7

58.7

42.3

58.2

44.2

39.2

38.2

95.9

35.7

51.5

LI:8
15.9

Ll,3

23.7

55. L

,,?-.A

28.4

?5.2

?.?..O

L4.7

L4.o

o
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Table 4. Response of Red.
FertlLlzer ?reatments
Fteld. Cond.ltlons

Cloven to tLne and.
on &lelbourne $olL Und.er

Ereatment

YleLd of
Cloven

Tons per
Aere

?ype of C::op

Chesk

IrLmestone, 5OO lbs.
tlmestone, 1000 Ibs.
ttaestone, 2O0O Lbs.

ttuestone, 4O0O 1bs.

f,iuostone, 6000 Ibs.

t}nestone, 4000 lbs.
Maaure, 12 tons

Elmestone, 4000 Lbs.
Manru::e, LZ tons
Supenphosphate, S0O Lbs.

Manur:e, LZ tons

f,Lmestone, 4000 Lbs.
Oomplete Fentill-ze:r, S5O Lbs.

Limostone, 40OO lbs.
SodLun NLtrate, 1O0 Lbs.
Potasslus ClrLo::id.e, 50 lbs.
Llme, 4O0O lbs.
Sod.Luxr Nltnate" 100 Lbs.

timestone, 4000 Ibs.
Superphosphate, 2OO lbe.
Potasslum Chlo::ld.e, 50 lbs.

0.78

o.90

o.85

0.97

0.95

1.1.7

0.95

1.49

0.55

L,6?

0.92

L.67

Mostly weed.e,
llttLe elover

$n

Mostly weed.s,
Bor?e cLoven

Cl-ove:r

Mostly weed.s,
uore eloven

nIt

*Iost1"y weeds

Mostl,y weod.s,
kore cLoven

Clover, sone
seed.s

1.?L
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tbls sttrd.y brlngs the yleId. from the Melbourno sotL to
1.?1 tons. Bhe d"ata lnd.lcate that whl1e thts soLL may

be lmproved. any aatenlaL lmprovement ln yte3.d.s ls bnorght

about only by expend.ltur:es for fer"tll1zers amountLng to

Inore ttran the crop lncrease 1s wor.th.

CLo,3-er Bg-sBonse f,lqE B 8gils. wlt4 Ph.o.spborys

3{a"$ure Ad.d,ed.

$Lnce need for 1lme In ad.d.ttlon to phosphortrs and.

onganlc natter ls evld.ent on the MeLbor::r.ne solL there

arlses the qreestlon of the most benefleJ.al amount of Ltme

to apply wltie the other tneatments. To answen thts

Erestlon both eoll-e woro tr.oated. wlth treble superphosphate

aad manuro ln lange s.mollnts to lnsure a sufflcleney of
pJeoephonus and. or"ganlo matter that those mfgbt not prove

LlmLttng factore tn the presence of LLne. Irtaestone Eas

appLled, at rates ranglng fron 250 to 8O0O pound.o pen

?10001000 pound.s of solI. YLeld.s of red. elover frou the

duplteate pots for each tr:eatment are showrr ln tabLe 5.

Companattve yleld.s of one of th.e four crops hanvested. are

shown ln Plates I, If, III and. IV.

the Melbollrne soLl falLe to pnoduce red. cLover

wlthout tneatment and. does not shoTr beneftt fnom ll.mo

untlL othon d.eflclenelos aro corrocted.. The phosph.onrs

to

and.
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and. organlc matten d.eflelencles mask the neod. for" Ilme on

the tr{elbounno solI. Yleld. ineneases after ad.d.iag phos-

phonus and. organlc matter werao obtalned. wlth ever: the

srcaLl applleatlons of z5o and boO pound.s of 1lue, ineneas-

tng applicatlons showlng cornespond.lng r.nenease ln ylerd.s.

fhe smaLler auaounts of liae are veriy effeetLve ln eonroct-
lng the ealelum d.efleleney of the soil urhen othen

essentlal rmtnlents are provLd.ed.. fhe ldel"bourne soil cars

be bnought to a falr state of productivenoss but only by
1lbera1 and eompleto fertlllzatlon (Tabte 5). fhe most

effeetlve g:reer*rouse treatments nesult tn yleld.s that con-

pare well wlth the r.rntreated. Dayton soLl.

She Dayton eoll 1s beneflted. by the phosphonrs and.

uts.tlruee' Ltme also luproves the yleld.s. The hlgher ratos
wtth llmlng, however, d.ld. not prove any more beneflclaL
than the Iow :rates. caLcluu d.efieleney appears supplled..by

the 25o pound. appllcatlon and incr:oaslng araou,nts are not
needed..

Both the soLls tn thLs stud.y wlth the same treat-
ments ag noted above were planted to Austrlan fteld. peas,

a qulek g:rowrng annual legumo. No slgnLfleant ri.lffex.ence

was obtalned. wrth any of the tneatments and. therefore the
y1eLd. d.ata are not reported.. The peas ge$ equally wel1

oa both solLs and. 1ine, phosphorus and. manure add.ed. had. no



appsrent beneflctaL effect upon thein g:rowth.

2L

At harvest
a falrly heavy yteLd. of peas was pnoduced.. Ihe pea Is a

gross feed.er as eompared. wttb red. elovon and. obtalned
suffLcient nutrlents even fnorn the impoverLshed &Ielbsurne

soLl to produce a good" gnowth. Tho results from the crop

are :related. to show that 1n econornLe limlng tho kLnd. of
crop uust be eonsld.ened as well as the solJ. character.
From the stand.polnt of econoay selectl.on of the rlght
orop to bo gnorm on a gLvon solL appears more lurpontant
than any Ilme or fentiltzer treatment.

Effect of Vanying $otl- Beaetl.on on the YleLd.

of Red.. Cloven

uafavoreble sorl reaetl.on and laek of sufflclent
calctum are cor.nected by Ilmlng. calcirun d.eflcleney ln
aeld. sotls 1s generally assoelated. wlth a htgh coacen-

tnatlon of hyd:rogen lons. Hydrogen r:eplaees calcLunr ln
the exehange eomprex and. tho ealclurn released. is lost by

leachlng.

An attempt was mad.e to sbud.y the effeet of vary-
lag sotl reaotlon shll-e the soluble carelum nas malntaLn-

od. at a hlgb }evel. PontLons of the ffielbourne soll were

tneated wlt'Lr a normar sulfunle aeld. on ealel.um oxld.o

1n amounts to g5.ve reactlons vanylng from pH 5.5 to pE

8.o. Tbe solI had. to be tneated. several ttmes befor.e a
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reactlon

fhe sol].

obtaLned. that reualned. somewhat constant.
pLaced. ln pots and. planted. to nedl clover..

Phosphorus as tneble phosphate vras ad.ded" at the nate of
100 pound.s per 2ro0or0oo pound.s of sor.1. Reactions sere

checked. at fnequent Lntenvals throughout the test wtth
the qulnhyd.rone electr.ode. fabr-e 6 shows that orerr a

sLx montlr.s penlod" the neactlon reaatned. wlthln a r"ange

suffLeiently nanr.ow to glve an lnd.lcatlon of effect of
::eactton on the pJ-ant.

So leachtng of the ealcfu:.m from the pots cortld.

occopr Dete::ml.natlons showed. that soruble ealclrrm re-
maLned. sufflelently abund.ant to elLmlnate the posslbiltty
of d"eflelency. fhe aeld" tneatments of the solI lLbenated.

caletr.un. fhus an aeid. neaetlon ls obtained. wlth ealcir:m
pnesent ln a solubLe forn.

The bost g::owth and. hlghost yleLd"s were at a pfl

7.0. YLeld.s sltbtn a rango of pII 6.0 to pH g.o wene onLy

sltghtly Lower. Below pE 6.o the yleld.s were d.efLnltely
poo?r PLate v llLustnates tho growth of the elover at
vanylng so11 neactlons. Appanently the beneflelal effeet
of lfunlng ln thLs caae co&es from co:::rectlng the actd.tty
of the soll and. not because of the ealclr,r:n suppl-Led..

cnop yleld. d-ata reported by salter fnom the 0hlo
Statlon (ga) show that the best crop yleld.s $ere obtalned.

was

was
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from fleld solls vrhen uaLntalned. at about neutrallty.

fable 7. Yleld.s for One Cnop fiotatlon at Dlffenent
So11 RoactLons. (gften $aIten)

ReaetLon
plI

Cornl
Bu.

wheatl
BU,.

Red. Cloverl
Ibs.

&:6

5.O

6.O

7.0

8.0

L5.5

5J..6

34.3

40.6

5l_.?

26.5

29.4

55.4

59.9

s?.8

645

95L

L1 48

2997

2724

1-The y1eLd"s are avenaged" for foun corn crops, two
wheat erops, and flve red. clover crops.

Data of the llterature gene::al}y show that the best ylo1d"s,

ttre greatest bacterlologleal actlvlty and. the hlgbest

eoncentratlon of avallab1e nutrlents oeeur at a so11 re-
actlon neal: neutnalLty.

In ord.en to explaln the vory poot3 plant growth

below pH 6,O and. the good. gr.owth obtalned. between pH 6.O

and pH 8,0 lt may be stated" that acld.lty values lnenease

logorlthmieally as follows:
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pI{ Value
No. of ?lmes Acldlty

Exceed"s That of NeutralLty

L0ro00
1r0o0

100
Lo

1

A soll aeldlty of pE 6.0 or pH 8.O doos not vary enough

fr:om neutrallty to affect plant growth appreclably. &r1y

the large appllcatlons of llme have lncreased" the pll of

the Melbollrne solL to pH 6.0 and. above. The largest crop

lneneases and. the most vlgonous nLtrtfleatlon have :resuLted.

wtth the heavlest llmo treatments appIled..

Effect of

3
4
5
6
7

Ehe Vafyl.n$ Asroq{r}s

NltrlfLcatl"on

of LLnre

fhe::e ts close correlatlon between nlt::lfleattoa
and. crop p::oductLon. fnereased. nltrlflcatlon of the sollt s

own organlc matter: fnon the add.ltlon of lime usually

cannot be pbserved, probably because the gneatLy ineneased.

nr:rrber of organlsms la the sol1 following the use of lLme

nesul-ts tn the consumptlon of most of tho nltnates by the

organlsms. fhe ba cterLa bulld. the nltnates lnto pr"oto-

plasmlc tlssue.

The Melbourne and, Dayton solLs were lnvestlgated.
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to d.etermLne the p::obable relatlon of nitrlfieation to the

cr3op yteld.s Just reported..

Ehe ::ate at whlch calcJ.ura goes lnto solutlon and.

thus becomes avatlable to growlng plants ls probably d.e-

pend.ent for the most pant upon blologleal pnocesses Ln

t-tre soLl whlch pnoduee actlve solvents. I{J.trLe acLd. ls
perhaps the most vlgorous and. abund"ant sol,vent nor"mal to
good. soLls. Nltr:atee and soluble calclun yrore d"otermtned.

ln both the faIlow sol1s at lntervals of on€, two, for:::

and slx months after limlng. ?he d.ata are reported l.n
Tablo 8. fhe Dayton eoLl whlch shows nmch st:ronger nltrl-
ficatlon shows also a rmrch langer amount of wator soruble

calctum.

llhe llmestone ls slowly eoluble and. eontlnues to
becoue Brore soluble wtth tlme. other solvents than nLtnlo
aeld" s.re no doubt actlng upon the Lime. The 1lmestone

(page SG ) was falrly eoarse ln texture wtth some SO pen

eent of the pantleles coarser than 62 uesh. lrhese natrur-

a1Ly neqrlre tlme to go lnto solutlon. Olpsr:m tr"oatment

has nesulted- Ln an fucned.late tncrease ln pater soluble

calcft:m whlch re&aLns qutte constant dur"lng the slx monthe

perlod.

I{lh:ates produced" ln acld sotls wLthout the

add.ltlon of nltr'lflabLe matenlal ane ltnlted. even und.er
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favorablo groenhouse condltlons. Tabro g shows that the

nLtnates r"emain praetleally eonstant durlng the sr.x

months perLod" and. ln the Melbourne soLl they nemaLn at a

low 1eveI. The Dayton sol1 shows approxlnately five tlmes

as Brush nttr.ate as the Merbourne. Thts ratLo is about the
sane as the crop produclng power of ttre two soiIs.

?here ls a d.efl-nLto relatlon between water solrrbLo

caloium and. nltrate nLtrogon 1n the solL solutlon.
Pohlman (56) obtalned. a eonr"eratLon botween ealolus and.

nLtrate nttnogen of O.g5B. Albrecht (l) obtalned a

connelatl.on between wsten soLuble salcLum and. nitr:ates of
about Bo per cent. Ehl.s relatlonshlp 1s llkerrrlse eho$m in
Table 8. The nltrLe acld. formed from nLtnates rmrst be a
maJor soLvent ln bnlnglng llmestone lnto solutlon. llhus

the lLnre status of the sotl and. the nLtrlflcation prooosg

ane closely reIated..

4l.tgifyltg Powor o€ S_otLs Traa.ted vrtth Vanylns

Amounte o.f ttme. shen fnesh nttrlftable mate:riaL ls ad.d.ad.

to the soll ln sultabLe amorxrts the stluur.atlng effect of
1lme ln lneneasing nltr.lfteatlon becoses easily measurabLe.

the 1lme ls essentlal to neutralize aeld.s pnoduced. by the

nltr'lflcatlon pr:oeoss. fhose acld.s uust .be neut:raLlzed. if
nlt:rlflcatlon Ls to p::oeeed. uneheeked.

To stud.y the nitrlfytng powen of the soi.Ls,
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alrmontutn sulfato was ad.d.ed 1n amounts equlvalent to 3OO

prprnr S ln the solI. For thls sttrd.y, soLL was taken frore

the greenhouse pots prevlolrsly treated wlth va:ryLng

amou.nts of ltme. FontLons of soLl were wolghed. Lnto

beakers, treated. wlth armonLusr sulfate snd" lncubated.

ucld.er labo::atory condltl.ons. Slolstrr€ was maLntained.

st about two-thLrd.s sa turatlon. I.{t trates were d.etenaia-

ed. befor"e nLtriflcatlon began and after LncubatLon perlod"s

of foun, sLx and" etght weeks. Sate:r solubLe caLctr:u was

d.eterul"ned. befone nLtr:lflcation and. agaln after elght

weeks to obtaln the effeet of nltrlfLeatlon u.pon the

solutlon of }1me, Tables I and" 1O pnesent tho d.ata.

Ad.d.ltlons of llmestone appreclably lncreaee the

nLtrLfcatlon of armontu:n suLfate. [he rate of nltr,tft-
catton ls aluost d"l.rectly proportlonal to the arnount of

ealelum earbonate appL1ed.. The Dayton so1l ehows a

greater nttrtfylng efflcLoncy than the &el-bourne wbleh

lnd.teates that tbe nlt::lfylng power of the tso sotls and.

thelr pnoductlvoaess aro closely related.. ?he nitrlfLea-
tlon process ls ver"y effectlve ln dLseolvlng 3.!.ne, Water

soluble ealclus ls lneroesed 4O0 per cont for: bhe

3f,elbour.ne aad. 80O per eent for tbe Dayton soJ.l. Stre htghen

nttntfylng powen of the Daytoa soLl r.esulte ln a pro-

portlonately gneater amount of water" soluble calcfi:rn.
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NltnLc aeld. pnesent ln the form of lts salt ls one of the

strongest soll acld.s laro'am and ls thenefore lmportant ln
rend.ertng nutrlents and. especlally the bases ln the solI,
&ore avallable to crops.

Applleatlons of phosphornrs, manure and. llme nalse

tho enop pnoduclng powen of the &lelbourne to nearly the

1eve1 of the Dayton so[l. $tudles were plarlrred. to

d.etermtne tf nLtrlflcatlon ln the Melbourne soll wore

lncreased to a slullar extent a"s cr:op produel"ng power'

8o11 samples were d.rawn from the fallow sol1s ln the

gneenhouso and. prepa::ed. for nitrlflcatlon as prevlously

outllned.. Eaeh t:peatment was ln dupllcate and. nltrates
were d.etermlned. at the seme Lntervals as tn the prevLous

sttrd.y. Results are gLven tn Table l-1.

Phosphorus and. manure defLnlteJ.y lncreased nltrt-
fleatlon tn the &telbotrrne soll. track of phosphorus and

ongante rnatten for the nltr.lfylng organlsms had. undoubt-

ed3.y lmped.ed. the nttrtfylng process ln the unhreatod.

solls. Cnop prod.uetlon and. nltrlflcatlon were lncneased"

to appnoxlnately the same extent. Slgnlficantly, nltrL-
flcation ln the Selbourne soll ls ralsed. to nean the sarce

l-evel as nttnlflcation in the Dayton sol1 by these h:eat-

ments. The relationship of nltrifleatlon and cnop

productlon Ls t'brerefore e1ose. ?hat treatment whLeh
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bulld.s nitnlfylng power of the solL buLLds srpop producLng

powors. Thls test shows also that greate:: nltrLflcatlon
follows lnoneaslng J-lme appLlcatiolrs,

8ot1 Reagtlon, Irlue Rg.quireuent

and. enop Resllonse

fhe pH and l-lme naqtrlnement ano conunonly used" to
d.iagnose acld. solls. The foruen measures the aetLve

aeld.lty ln the soll sol"utlon and. tho lattor leeastlros the

tltr:atable or" total acldlty. To d.eterrrlne the effest of

lime appllcatlons on ssl1 acld.lty when the solls were

tr.oated. wlth d"lffe:rent auounts of LLae ln the gneenhouse,

the sotLs were sampled. after oae month and. agaln after
s1x months inoubatLon, At eacb sampllng the reactlon and"

lLrre nequLroment were d.eterm1ned.. The results seeured. at
the two sanpltngs are presonted ln TabLe 12.

The pil af ter one monthl s lnerrbatl"on shows that
lLme applleatlons d.eereased" the hyd.r.ogen lon coneentratlon

with Lncr.easlng arnounte of Ilme appIled.. In no ease d.ld.

the solLs beeome neutral 1n neactlon aLthough the acld.Lty

was nedueed to a polnt general-1y consid.ened. satl.sfactony

for erop productlon (pH 6.4) wlth a l!.mestone appl-ieatlon

of one ton on the Dayton soil and. two tons on the

Melbourne sol1. ?he pII d.eto:rmLnatlons aften slx month,st
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lncubatlon ehow only sllght varlations fnom the nestrlts

secured. after one month.

fhe l1me requirement ls apparently a uore sensL-

tf.vo measurement of the effeet of add.ed. 1lae than pH

(fal:1e 1;?t, A lLme requfuement ls found. howeven, by the

test e?on when lLme ls applled. to the sol1 in excess of

lts lndlcated, neEekement. apparently the lLseetone d.oes

not react coupletely wlth the soll or the method.s are

faulty Ln lnd"Loatlng lfune nequtrement. The meeha.nlear,

analysls of ttre llmostone was as follows:
targer than L7 mesh
Between 17 and 32 mesh
Between 62 and 120 mesh
Smaller than 120 mesh

24.7 pen eent
24.9 R tl

Lg.5 tl tt

512.3 r n

The llmestone was 89.9 pe:: cent puro eaLelup carbonate.

The sLow soLublllty of the coarse:r pantlcles and. the

lmpurtty of the llslestone r"equLr.es a Larger appllcatlon
than lnd,J.cated by llsre noqulnenent method.s to effeet a

neutnaL soLl noaction. A1so, lneomplete raixlng wdtJr soLL

pnobabLy prevents lntlmate contaet of tl:,o rlme srrth the

soLL acld.s' 0then lnvestlgators (43r4g) noted" farLune to
obtaln a neutnal :reaetlon when lLme was applted. to the

soLle ln amounts lnd.lcated. by 1lme nequx.rement method.s,

Many lnvestigator-s (trtOrt0) have noted. no elose

relatlon between soIl reaetlon and plant g:rowth. [hese

d.ata lnd.lcate tlee futlIlty of d"epend.ing entlnely upon ps
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or' Llse requfuement to d.eter.ulno the rnost beneflcLal

amonnt of Llme to use. Tho Melbour:ne sol1 was suppL1ed.

wlth llme ln consld.erable exeess of the lnd.Lcated lLme

nequtrement, yet the yleld.s of rod" cl"ovet w6re not tn-
creased. appneclably. Deficlencles of avalIable phosphoru,s

and. onganlc matter are frequently assoclated wLth acld.

solls, nelthe:: of whlch ane lnd.lcated by aeld.lty tests.
these d"efleleneLes ltnlt erop growth as effeetlvely as

shontage of liuo, as the data of Table 5 lnd.tcate.

tack of avallable ealclum somotlmeg llmlts 3.egumo

growth on aeld. solIs. G;psum supplles ealclum and. sulfu:r

hrt h"as 1ttt1e effect u.pon the solL reaetlon or lime re-
qulnement. Erdsrann (f+) observed. that gypsum had. no effeot
on hSnlrogen Lon concentratlon. Skinner" and. Beattle (40)

neported. an lncrease In 1lme nequlroment after an annual

appllcatlon of 5OO pounds of gypsum for flve year$.

Pler"re (35) noted. that glpsurl was not beneflclaL ln ovorp-

eomlng the lnjurlous effect of acld.lty. He explalned.

that calcium sulfate ad.d.s calcLnm to the s o:[1 solution
and through the base exchange reactlon, llbenates hydrogen

from the soll complex lnto the soll sokrtlon, ttrus foruring

sulfur"lc acLd. In thls study, glry)sum saused. a manked.

lncrease in elover yleld.s wlthout affectlng the solL re-
aetlon appreclabl-y.
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and. Natmre

Acld. SoLls

Data by the T:rrog method. (45), tsable 13, d.eflnlto-
ly show a d.eflclency of avallable phosphorus ln the

Melbourne soll. Only 1O p.prrtrr of avallable phosphate ts
found ln the Melbourno as compared" wlth 519 p.p.til. 1rr the

Dayton soll. According to Truog 125 p.p.rrro of phosphate

as POn ls the d.lvlslon between solls requtrlng phosphor"us

and. those ..,vlth sufftctent for good plant growth. or: thLs

basls the Melbourne soLl is very d.eflclent and. the Dayton

hlgh ln aval1ab1e phosphorus. The yleld.s obtalned. on tho

two sol1s Ln the greenhouse (ratre 2) corrolate well wlth
the phosphate avaj-Iabillty shov,n: in the above d.ata.

The effect of manur.e and. phosphor"us v,ilth varying

1lme appllcations Ls shown Ln Table 15. The aanure and.

treble phosphate lncreased. the available phosplronus

materlally. Llme had no slgnlflcsnt lnfluonce on the

solublIlty of the phosphor.us.

$nld.or (AZl ::eponts that eight tons of Ilme re-
sulted. ln no appr"ociable d.lfferenee ln avallabIe phosphon-

1ls. Ford. (17) d.otennrlned. the amount of calcfi:m hyd.roxld.e

:requlred. to pnevent flxation of phosphorus by eertaln acld"

solls. Ile ad.d"ed. increasl-ng amounts of a saturated.

solutlon of Ca(OH)Z until complete necover.y of the applled

Phosphorus Aval1ab1ll ty
Phosphqte Flxatlon 1n
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phosphorus was obtal.ned.. Hls results were as follows:

Amount of Ltme Requlred. to Prevent Phosphonrs
FLxatlon - Adapted. from Ford. (17)

$o1L

Ffxatlonr Satarr.ated f,lme
by Un- tr{fate:: Requlred.
llmed. per Gram of
8o11, So11 to $top

Calculated. to
Tonx CaCO. per
Acre NeceBsar.y
to Prevent
FlxatlonPe:: Cent Flxatlon

62
13
43
25

15 cc.
7

20
L2

SlIt Loamnn
nn
ntt

50
35
55
50

Dekal-b
Decatur"
ftlstt
Memphls

50 p.prrllr of P ad.d.ed" to 6y1e-gratn samples of so1l.

The amount of llme to prevent flxatlon of phos-

phorus entlrely Ls shorrn to bo mueh highe:: than any flerd"
appllcatlot:. P::obably the auount of lime comlronlS' applied.

to sol1s has no lrroredtate lnfluence upon phosphonus

flxatLon.

AvaLLable phosphorus remalnod" aluost constant
through the range pH 4.46 to pH 8.10. The data show that
lf allowanee is mad.e for somo vari.attons ln phosphortrs

d-eter"mlnatlons, cl:.anglng the soil reactlon by liralng had.

no effect upon the avaLLable phosphorus in elthe:: soil-.

The Lnerease ln available phosphonrs from a p000

pound" treatment of treble phosphate appears extremely
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f.orry. [Lre Dayton so11 par"ttcularly shows ve]ay llttle
lncrease l-n avaLlable phosphonus over the untneated. soLl.

Fallur.e of phosphonus fertlllzers to lncrease ava11able

phosphorus 1n the Dayton soll cannot be explalned" from

thl s stud.y.

The phosphate flxlng pCIwer of llmed" and. unlLmed.

greenhouse solls and. of solls recently obtalned. fr^om the

fleld. was d"etermlned by the lIeek method" (tg). As shown in
fable 14, the flxatLon was hlgh and" almost the same ln the

two sotls, fhe capaclty fo:r flxatlon by tho soll-s was

sufflclent to change all of the 2OO0 pound.s of the treble
phosphate to an rrnavailable form. The followlng d.ata are

concluslve proof of the hlgb flxtng powetr of these solL$.

Four hundred. prp.rrt phosphonus (ar 1225 p.pror P04) nas

add"ed. to the sotls. The Dayton sol1 flxed. 85 pen cent of

thls amount rirhlch ls equlvalent to 4338 por:nd.s of tneble

phosphate pera acre. The &[elbourne soll fixed. 82 per c6nt

whlch ls equlvalent to 4186 pounds of treble phosphate pe:a

&CPOr

fhe llmlted. amount of available phosphorus 1n the

Melbourne and the htgh amount 1n the Dayton solI eannot be

explained. on the basls of flxlng power as d-etermined. by

thls method.. Possibly excesslve leachlng has nemoved the

aval-1abIe phosphate from the Melbsurno soil. ?he Dayton
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has been less leached.. fhe d.ata would ind.lcate a Brobable
marked response by the Melbour"ne and" llttIe by the Dayton

when phosphate fe::tillzers aro used..

Fixatlon of phosphate by the soil hss been

attr"ibuted. to the lnsolubirity of eompound.s for.med. wlth
lnon and. a1t:mlr:lu?I. ravestlgatlons have shoriyn that pre-
clpltated. phosphates of these tr.ivalent bases ane soureea

of avallable phosphate fon plants. Thero nay be several
forms of phosphate, espeelally of Lr.on, so:ne of whleh ar.o

of 1ow aval.labllity. Fond. (1?) stud.led" phosphate fl.xatLon
of pure mlnerals. He found" that rarhlle fer"nlc and. aLr:rnlnua

phosphates were qutte so).uble, phosphato fl.xed by Goethlte
was very insoLuble. McGoorge and. Breazeale (zg) r'epont
that mLnenal phosphates of inon and. alunlnr:ra are lnsoIuble
both ln co, free and. c0, saturated. waten and unavailable to
plants,

firermrs has been :reported. (g4) nesponslble fon f1x-
atLon of phosphonrs in the fo::u of organLe pbosphetes

unavaLlable to plants. Ford. (fZ1 consld.er"s flxatlon by
humus as neg1lglb1e, McGeonge and. Bneazeale (zs) find. that
wh1le onganLc compound.s of phosphontrs are usually qutte
lnsoLuble 1n water, they aro read"lLy d.ecomposed. by mLcno-

o::ganlsms. consoquently, onganlc phosphates are exeelLent
fonas fon plant use. They are held. ln a fonm to prevent
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leachlng and" yet a:"e available to plants by bacterlaL

aetlvtty.
Phosphato flxatlon was d"etermlned ln both soLls

wlth the fnee oxld.os of lnon and. ah:mlnum re$ov6d.. Flx-
atlon was d.etenulned. also after removal of hurnrs. The

method. ernployed. by Tnuog arid- Chueka (4?) was used. to:ro-
move the fnee oxld.es. fhe soll was tneated. alternateLy
wlth two per eent sod.h:m carbonate solutl.on sxrd. ILlLO E0L.

The hrrunra w&s removod. fnom separate samples by oxld.atlon

wlth hydnogen penoxld.e, then thonoughly leaohed. wlth
water and the phosphate fixlng power d.eterralned.. Ehe

::esults g5.ven ln Eable 15 show only 14.5 pen cent flx-
atLon Ln the MeLbourne and 19.5 pe:: cent flxation !.n the

Dayton sol1 wlth fu:on and alrrmLnr:m oxLd"es removed., o:3

one-fou::th to one-flfth as great as 1n the trntnoated. solL.

fflth tho humtrs reuoved. flxatlon wa.a 68 per eont Ln the

Melbourne and. 7O pen oent ln the Dayton sol1, just sIlghtly
Lower than tbe fLxatlon ln the untreated. soLls. fn tbeee

soils phosphortrs appears to be flxed. 1ar:geLy by Lron and.

alumlnr:m oxld.es, but not enttrely. Hr:mus calrses so&e

phoephate fixatlon even ln these sotls Low in onganS.e

matter. the Dayton solL has 2.45 pe:: cent organle matter

and. the Selbourne 1.46 per" cont. Soils hlghen ln organLe

matter would. pnobably show a relatlvely gr:eater flxatlon
by hr:rotrs. 3o what extent llme may reduee phosphate ftx-
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atlon over a perlod. of years cannot be a-nswerod. fnom

these strrd.tes.

Poon crop yleld.s are soraetlues attnlbuted to toxLe

amorrnts of actlve ali:mLnurn la the soLl" (55). The Foss-

tblllty of ah::nLnr:sr toxLclty In the Iow pno&rclng HeLbourne

soll was cheeked. Ln thls stud.y. The d.ata show that

neLther sol} contalns sufficlent aetLve alr:mlnuar to be

toxlc to plant growth. The method. of Bur.gess tB) fon

d.etermlnlng active alumlnum soluble In 0.5 I'I acetle astd.

was used.. The amount of actlve alumlnum pnesent ln the

eol1s ca!?. aecount for eonsLd.er"able phosphate flxatlon, how-

ovorr The Melboll'rne soil eontalnlng 4OS.prprrnr AIZ05 worrld

be able, theoretlcalLy, to flx ?52 p,p.m. phosphorus by the

formatlon of alumlnum phosphate, fhe Dayton soll contaln-

lng 508 prprur UrrO, wouLd. flx 5?5 prpr&r phosphonus. No

d.oubt tLre lron and alumlnum of these solLs are together

Langoly nesponslbLe fon tho pnoclpltatton of tr*rosphortrs

fentillzens ad"d.ed. and. perhaps also fon the low avallabtLlty
of the natrr::al phosphates of the Melbourne soLl-.

Base Exehaage ftLoBer"tles and. Eiue Need"s

of Ae{d. Solls

So11 roaetlon is d.eterrnLned. by the

atLve amounts of eatlons assoclated. wtth

nature and. noL-

the exshange
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compLex. Sol1s are acld beeause of the presence of €x-

ehangeable hyd.rog6!r. Sol1s of l1ke pE and. collotd.al con-

tent may d"l.ffer ln response to lLme due to fund.amentaL

d.lffer"ences 1n the collotd complex. In thls lnvest$.gation

base exchange capaelty, exchangeable baees and. co11olda1

content were stud"Led. ln ::elatlon to plant growth.

Base exchange capaclty was determlnod. as follows:

5 grams of 20 mesh solI w6re leached. wlth 500 Q.o. of W/ZA

HCL Ln a Gooch eruclble to neplace all of the oxohangeablo

basos. fhe sol1 was then leached. wlth neutral 1I/2 barlum

chlor:ld.o. After eompletely sabur.attng the coaplex wlth

ba::luur lons the excess barlum chlorld.e was washed. wlth

w&r?B water. fhe leachlngs were tested. fon ehlorld.es to

deter"mlne corrplete nemovaL. Ehe solls wera next Leached.

wlth 5O0 c.c. of N/2 neutral amonlu.a ehLortd.e to replaee

the bar:lum wlth ammonla. the leaehate wae eollected.. Bar'lum

was d.eten:nlned. graviraetrlcally and. the exchange oapaclty

oa1cu1ated..

Exchango hyd.::ogen was dete:rmlned. by a mod.Lfleatlon

of Parkerrs method. (51). Calclr:m acetate was used. lnstead.

of bar,lum acetate for leaehlng. The end.-polnt was.

dotenmlned. by tltnatlng wlth \E/ZO sod.lum hyd.roxld.e.

The exchangeable hyd.rogen was srrbtracted. fnom the

exchange capaclty to obtaln total exchangeable bases. Er-
.change calclum and" exchange magneslr:m were d.eterml-ned. by
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loaehlng tLre sotl wtth N/10 barlum ehl-ortd.o and. uslng

the soap tltratlon method. of Burgoss and. BreazeaLe (9).

fhe results aro ercpressed. as ntL1lgrau equlvalents per 100

grams of soll.
The collotd.s 1n the two solls were d.eterrn"tned. by

OLmstead.ls d.lspenslon method. (50) and. checked srlth the

vapor absorptlon method. (gf).

In acld. solls calcLum, magneslum, potasslum and.

hyd.nogen constltute the majon pontlon of the aatlons present

on the exchange complex. The sr.u of these lons should" oquaL

the baee exchange capaclty. To d.eter:mlne the accuracy of

the mehhods used, the sum of the exehangeable calclurn,

magneslurn and. hyd-nogen 1s eonpaned wlth the excharrge cepas-

lty ln Table 16.

tsabIe 16. Exehangeable Calclum, Magneslu:n and.
flydrogen and" Baso Exchange Capaelty

o1lrII6
CatLons 8o11 SolL

Ca

Mg

E

$um of eatlons

Baso Exchange Capaclty
by BaCL, method

1.50

o.47

5.95

5.92

5.74

7.45

2.63

L.95

12.O5

L5.09
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Though d"lfferont reagents were used- for oxchange-

able bases and. total exchaage eapaclty, the sum of the

catLone check the base exchange capacity ratber c1oseLy.

Orillssion of oxchangeable potasslnm does not slgnlflcantly
affeet the exchange eapaolty of the solls.

Iilature oF, thq Exchangg Counplex. Solls varay eon-

sld.er"ably ln theln capaclty to :retaln bases. llhe total
exchange eapacLty ts the slrrn of exchange capaeltles of ttre

hrxm.r.s and. of the mlneral- eompl-ex. Hr:xnrs has sevenal times

g:reater baeo absonptlon power than the mlnoral eolloLd.s.

Hlsslnk (ZO) neports the equlvalent welght of hr:mtrs at 1?6

and. a clay at 1225.

the caLeulated. equ5,valent weight of the l{elbotrrne

coLlold. 1s 5467 qnd. the Dayton eolIold ls 1642. She flgures

were obtaLned. by d.lvldlng the eollold.a1 eontent of the so5.1s

by the exeb.ange capaclty explrossed. as M.E. The greater

equlvaLent welght of the Melbourne colIold. lnd.lcates a

lowero coryrbinLng powor than the Dayton coLLold.. A hfgh per-

centage of the col1oLd.aI matenlal ln thls sol1 ls lnert,
and. Lrapants to the sotl a low base oxehange capaeLty. tar"ge

amounts of llme applled. to the MeLbourne soLl car:not be

rotalned. agalnst leaehlng.

Dlffe::ent coLloLd.s eontatn wld.ely d.lfferent arnounts

of replaeeable base. Pate (62) repontlng on a nuuben of,
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sol1s obtalned. ratlos of coLl-old. to replaeeabLe bases

varylng f::om 2.O5 to 5.9?. The natlo fon the Dayton and.

Melbor:::ne solL ls shown ln Table L7.

Taule 
11. 

natfo O:l1old to Replacoable Bases

8o1L Content Basos Ratlo
Pen Cent Id.E.

Dayton

Melbour:ne

21.5

19.9

11.04

2,24

L.94

9.88

The Dayton sol1 shows 4.6 times as mueh repJ-aceabl,e

bases ln the exchange compound. as the &lelboturn€r Thls ratlo

ls about the sa:ae a I the crop produclng powen of the two

so1ls.

Ehe greaten asrmurt of organLc matte:: aecounts Ln

part for the g:reater absorptlve capaclty of the Dayton

sol.L. fhe laterltle d"egeneratLon of the o1d.en l{elbourne

sol1 :resulte ln a greaton proportlon of lnactivo colLold"-

aI uatenLal. Later.lttc weatherlng 1s characterlzed" by an

aecuruulatlon of free iron and" a}r::ninu.m oxid.es. The bneaklng

d.own of the actlve eomplex lnto the free sesquloxld.es

mater'1411y r"educes tbo absonptlve capaclty of tho eoll.
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Fase SaturaFlgIL aqd. Resp?nse tg. Llmln8. The harm-

fuI. effeot of soll acld.lty d-epend"s ln part upon the pno-

portion of exehangoable bases to exehangeablo hydnogen.

Pierre and Scarset*h (55) conelud.e tbat hpdrogen lon eon-

eentratLon cs.nnot bo considered" a d.h"ect factor 1n oaastag

pooltr plant gr:owth. They belleve that the natlo of

exehange calelum to exchange hydrogen ls the best lnd.Lea-

tlon of the need. fon lLme. They found. that sorghum growrr

Ln so1ls wlth wrlfor"m pS values of 4.8 ehowed. no eornela-

tion betwoen ::eactl.on and. yteld.s, but a good. connelatlon

wLtb base satnrnatton and. yleId.s. Bhe base saturation Ln

the Dayton and. trdelbourne solLs ts shown La Table 18.

Teble L8. Poneentage Base Satur.atlon ln tho
Dayton snd. Melboxlrne SolLs

Bo1ls Capaclty
M.E.

Ba$es
M.E.

Baee
Saturatlon

Pe:r Cent

Melbourne

Dayton

5.?4

15.09

2.34

LL.04

59i0

84.3

The Dayton sol1 ls 84.3 per cent saturated. and. the

Melbounne soLl 59 per" cent satn*ated.. firnaer (48) obtaLned.

a d.egree of base satnrratlon of 72 to 88 per eent on good.

calcaneous soLl-s and. base saturatton of 40 pen eent and.
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beLow oR poor solls ln need. of lLme. Accondlng to

ftrrnor.l s d.ata tire Dayton can be classed. as a ngood.n sol]-

and. the Melbourne as a npoo:ln soll 1n respect to d'egr:ee

of saturatlon. It ts generaL]y belleved. th"at vshen a sotl

eontalns sr.rfflclent replaceable bases to satLsfy about 80

per cent of the base exehange eapacLty of the soL1, ll'me

1s not Ilke1y to be need.ed. fon cnop produetlon- Soweven,

LLrae may be need.ed ln excess of tbe satu"r'atton oapa.clty to

S.mprove eoLl structure, Hlsslnk (19) states floeeulatlon

Is lmproved. rrchen sol1 ls 95 per cent saturated.. The beno-

ficLal" effeot of 11mlng tl:e Dayton soLl even though It ls
over 8O per eent sabrrrated. may be attnlbuted" ln part ,to

tmprovement of solL st:nrettrne.

Relatlonshlp of Excrherngeable Bas.eq Brtth L,lq"- Treat-

monts and. Croq ELgEg. Exchange calclum for:nd. slx months

after 1lul.ng closeLy correlates wLth the asou-nt of llme

applled and. the crop yields. Wlth a l-lme treatment of

three tons exchange caletrem lncreased. from 7.45 ff.E' to
9.14 M.E. on the Dayton sotf and. from 1.98 31.3. to 5.75

M.E. on tho }ilolbourne sol1 .

The untreated. Melbor:::ne so1l showed. a 39.0 Ber

cent saturatlon wlth bases. 00:e ton of 1lme per acr"e ln-
er.eased" thle value bo 47.? pen cent. Iflth an ad.d.ltlon of

three tons of llme pen aere thore w&a alx lncrease to 65.2
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per cent. Thus w'ith three tons of Llme per acre, the

d"eg:nee of sahrr.atlon was lncreased. more than 25 pen cent,

but the exchange eompl.ox was not eompletel-y saturated.

wlth bases.

The Dayton soI1 showed. a anrch greater satu"r"atlon

wtth bases than tho Melbourne sol1. The d.egr"ee of satr:"n-

atton of thls solL was only sltglrt3-y lncreased by applLca-

tLons of llme; an lnerease of flve per cent resulted. wlth

a three ton l1me applleatLorl.

The total aeld.Lty 1s only partlaLly neutnallzed. by

the l-1me appl"lcatlons. Both solls exhtbtt a hlgh buffen

eapaelty r.equlrLng large app1leatlons of lLme to effoet a

change ln total acld.lty.

Natr:re of $o11 Aeld.s

So11 acld.s, though genenally weak, may d.lffen eon-

sld.enably ln strength. the str:ength of aelds resulte 1n

part f:rom the d.egree of weatherlng that has occurrod. 1n the

soll. lYeathenlng and. leachlng cause deoomposltlon of the

complex alrrmlno-st11clc acld.s. The d"eeply weathened. soiLe

genenaLLy have the weakest aold.s. throng aeld.s naturaLly

b:reak d"own on are leached. out ffu"st Inrt the::e ls a stage ln
the leachlng prooess ln whlch the stronger acld.s have boen

llberated but not yet broken d.oyrn. At thts stage the
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paraIle1lsm betweon high llme requfu.oment and. hlgh hyd"no-

gen-lon eoneent:ratlon ls often observed.. The strength of

soll- actd.s has been measunod by the Truog avtd.lty methsd.

(+01. Jonny (25) lneasures the st:'ength of solI acld.s aad.

expresses tho rosul-ts as rlsSroretry valuesn. tlls method.

d"lffens only ln that the strong acid. hyd.rochlor"lc tn the

form of lte salt, ls used. i-nstead. of Tnuogt s acetlc for
comparisorlr $tnce both method.s show the same thLng onLy

the Truog method. was employod.. the d"egree of dlssoclatlon

[o =#tml of the soir acr.ds was calcurated..

Table 20 glves a. flrrrmary of d.ata obtalned.
' Bhe avldlty method. provld.es that the potassLrmr

ad.d.ed" to the sol1 ls Just equlvalent to the exchangeable

hyd.rogen. 0n1y 9.? per cent of tho hyd::ogen ls replaced.

frorr the Dayton sol1 by the potasslr:m whl1e 24.7 per cent

ls roleased. from the MeLborrrne sotl. That the Mel-bourne

soll possesses the stronger aold. ls show] also by the

gnoater d,egree of d.issoc5.atLon. The acld"s aro ln that

stage whl.sh precod.es more or less complete d.egenenatl.on.

The acld.s of the Mel-bou.rne sol1 d"o not sh.ow charaeter"-

istlce assoelated" wlth aeld"s of extremely d-egenerated.

soils. The tlh:atlon eurves of the lvlelboltrne solL

(ffgure I) show that the acld"s aro weLl buffened., Aold.s

of completely d"egenorated. solls are poorly buffered.,
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fable 20, Strength of the 8o11 Acid.s

ourno

Avldity
(as per cent of K absonbed
by the soll acld.s)

Hydrogen-lon Concontrati on
PII

Total Acld.tty

Degr.ee of DLssoelatlon
(fr"om H-1on eoncentratlon)

24.7 f, 9,.7 %

4.97 Tffi

5.50 M,E,

o.a3o6 %

5.9O pE

1. 95 M.3.

o.ao65 f,

tlt:ratton Curves. So11 suspenslons 'were tltnated
eleotnometnleally on the hydrogen electrod.e wlth N/LO flCL

anA i/50 Cs(0H)2. The suspenslons were allowed. to stand.

elghteen hours to attaln equlIlbnluni, Orre crc. of m/f0

aeid. on base to ten grams of sol1 ls equlvalent to one

mtlltequLvalent of hyd"rogen per lOO graus of soLl.

The tltratlon curves of these soil acld.s are

gnaphlcall-y shoim: tn F!.gure I. These curves show clear.ly

the hlgh buffer capaclty of the sotls. To attaln neutral-
lty nequlres 5.15 M.E. of irase for the Melbollrne solI
whlch ls equlvalent to 6500 poi:nd.s of calcirur carbonate

per 2,OOO,0OO pound.s of soll. The a:nolint of base requlned

to brlng the Dayton sotl to neutnaltty l,s 1.5 M.E. whlch is
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equlvalent to ?600 pound.s of calelum carbonate per:

2rOOO,O0O por:nd.s of solL. The Jones llmo reqtrLrement

method. lnd.lcated. a sLmllar 1lnae requlnement.

The tltratlon curves afford. another check on the

base exehange methods. 1}]. Table 21 the number of M.E. of

base:requlred. to glve a neutral neaetlon ls shown to be

equal to the exchangeable hydrogen d.eterml.ned. by Pa::konl e

method. (Sf ). Ihe exchangeable bases at neutr"allty fnou

the tltratlon curvo 1s exactly e{uaI to the exchango

capaclty of the Melbou.rne so1l and. just s1lght1y lees for
the Dayton soLl.

Table 21. Degnee of Satur.atLon from Tltratlon
Cunvos

ca(on)^ Add.ed
to 8611-

: nf,elbourne SoL]. : Daytorr 8oL1
:@:ffidEEiffi
I Baees M.E. I pH : Bases M.E. I pll

0.5

1.0

1:5

2.O

2.5

5.0
VE
l/aL,

2.7 4

3.24

3"14

4.24

4.74

5.24

5.74

a
a

5.5 !
ta

5.7 !
a
a

6.1 :
a
a

6.4 !
aa

6.7 !
a
a

6.9 l
a
a

?.1 3

a
a

Ll.65

12.L5

l_2,65

6:5

6.8

?.1
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soll degener.atlon ls fundamentally a lsss ln base

exch.ange capaelty. The trf,elbogrne sol1 has a very J-ow

base exchange capaclty 1n proportion to the agotlnt of

collold.. In couparlson wtth the Dayton solL ovelr ooo-

half of the base exehange capaclty of the soLL has been

lost. The natrrre of the soLl acld"s shows the Melbolarno

soll to be 1n an lnclplent stage of d.egeneratlon. The

r:e1atlveIy strong actd.s stt}l remaLn an aetlve pant of the

exchange complex. ,Yftth tlme and" woathe::ing the solI w1LL

ltkely exh5.blt a1l- eharacterlstlcs of d.egeneratod. soLls.

Malntalntng the calelurn equllLbr1u:s of tbe soll by Llntng

effecbLvely arr"ests d.egenenatlon.

Dlseugslog

In Table 22 the comparatlve clover yleld.s of both

the Dayton and. Melbourne soils ane showrt. tho d"ata are

averages of all of the tneatments. The Dayton sol.l has

ovCIr slx tlmes as rnreh clover produclng power as the MeL-

bourne when the solls ere untreated.. fhe same ratlo hold"s

when llme is used. wlthout fertllisol:sr Shen phosphorus and.

uanure are applled., the::atlo 1s redueed. to 1! 1.7, fho

yleld.s of the Dayton always exceed. the y!-eld s on the MeI-

bounne sotI. LL&e treatments ln ad.dLtlon to phosphorus and.

manure bnlngs the yteld.s of the two solIs somerehat nearer

together'.
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The comparatlve nlt:rlfylng power of the Dayton s.nd-

Melbourne sol1s ls shown ln Table 22. The results as a

whole lnd.lcate vory deflniteLy the close relatlonshlp be-

tween clover produclng power and. the nttrlfying power of 
t

the eoils. Shen the sol1s are untreated. or only 1lmod

the natlo of the nltrlfylng power ls wld.e. When phosphonus

and. manrre are used. the ratlo 1s narrow6d., The use of 1luo

with the phosphorus and. manure br'lngs the nlhrlfylng poser,

as ,.t dld tho yl.eLd.s, close together. These resuLts show

that the nltrlfLcatlon ln tho Melbour"ne soil ts very poor

wlthout phosphorus and manune, Imt Is lncneased. to aLmost

thai of the Dayton soII wlth the fortl"llzens. Tho natLos

of altnlfleatloa and. of clover yleld.s are aluost ldentLcal.

The labonatory studtes show t&:at the Melbo-urne ls a

pairttally degenonated soll urtth ltttle capacity to ho1d.

nutrlents, espeelally the bases. The Dayton has the eapa,o-

tty to retaln nutrlonts. The nutnlent supply of the solL

ls hlgh. The companatLve sol1 cha::acter^Lstlcs are shown

ln Table 25. The colLold. oontent of the sol1s ls about tho

.same, yet the collold tn the Sdelbourne has less than oils- ::

half the base oxchange eapaelty and. hoId.s only aboat orr@-

flftb as uueh bases ae ls he1d. by the Da3rton. She MeI-

bsunne thus shows marked. d.egnnoratlon as weLL as e hlgh

d.egree of unsatur.atlon ln r:espect to bases. A la:rgo
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Table 23. Comparatlve Pnopentl es of the Dayton
and. Melbo&rane Soll"s

So11 Propertles HeLbsurno Dayton Ratlo

Col1old. Content,
pen cent

Base Exehange Capaolty,
M.E.

Exchangeable Bases,
M.E.

Exchangoable Calctum,
M.E.

Water- soLuble Calch::n,
p. p r&.

Nltratese p.p.rB. N

AvaLlabLe Phosphonus,
P r P.ltL PO*

19.9

5.14

2.24

1.5L

].,2.6

3.4

Lo.6

2L.5

15.09

Ll.04

8.22

45.5

27 .O

3a9.2

L ! 1.J.

L?2.5

L: S.0

1i5.4

L:3.6

1 r 7.9

1 ! 50"1
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portLon of th"e collold ls lnert and d.oes not functton ln
baso ::etentlon. Exchangeable bases are lmportant to the

nut::lent suppllrlng power of the sol1. The r:atl.o of the

exchangeable bases ln the so1le stud.led closely approxl-

mates the r"atlo of elove:r product{on. llhe natlos of

nltrate nLt::ogen, water solubLe calclum and. avalIable

phosph.ortrs ehow the sa&e marked. d.lffer"once 1n tho nutrl-
ent supplylng powen of the tso soils. fhe wid"e ratlo of

l- : 5O of avallable phosphorus eonforms wlth the Large

lncneases obtalnod. from phoephonus fertlllzers on tlre

Melbourne solI and. only the sltght beneflt from phosphortrs

on the Dayton soL1.

Degenorated. solls are char.acter.lzed. by Loss of

base exchange capaelty, and. lack of buffer capaeJ.ty though

hlgh ln collold.s. The X{elbou.rne ls not yet a d.ead. so1L,

but the d.ata lnd.teate that lt ls well orr the way. I.8.
ALllson (4) states so&e of these solls ln CaLLfornla ane

so far gone as to be entlnely wlthdrawn frorr cultlvatlon.
fhese southenn sol1s, lf not o1d.en, a.re rtore thoroughly

leached.. The d.ata tnd.icate how se::lo'usly the MeLbourno

solI of thLs stud"y has been leached..

The tltre.tlon curyes tnd.lcate the aeld.s Ln botJr

sol1s are htghLy buffer"ed. Avidlty tests show the aeid.e

ln the Molbounne sol1 are relattrvely strong. The Mel"-
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borlrno sol.l appears to h.ave reached. that stago of loaohLng

where fnee aeld.s of consld"er.able strength remaln. Ehe next

step presumably w111 be the bneakJ.ng d.own of these acld"s

wlth fi::nther loss of baso retainlng capaclty. These are

the loglcal steps ln agelng and d.egeneratlon.

Vanyl.ng the reactton of the Melbourrle sotl betweon

wld"e llmLts has d,enonstrated. that the hlghest yleld.e and.

the most vlgorous nltnlflcatton occun at neat::aIlty. A

neutnal neactlon can be obtalned" only by the addltLon of

large amounts of Ilme. Thls, tn ad-dltlon to the heavy

fe:rtiltzatLon requLned. bo b::lng the solI to htgh pro-

ductlon, requires a rath.er large expend.lbune fo:: the erop

lncreases obtalned". ?ho praetlcal questLon ar:ises whothor

lmproving the soIls, wlth the Large expend.it:res, ls
ad.vlsablo. I::rprovement Ls always posstbS-e, ht unless

the::e ls reasonable assurance of some pr"oflt, few wlLL

eare to undentake a soLl lmprovement pr.ogr&Jr.

These stnd.les show that the Dayton solI ls mater-

taIly Lmp::oved. as measrrred by crop response wlth smaLl

amounts of llrre. llhese nesults sust be Lntenpneted", how-

ever, wLth due consld.eratlon fo:: the cond.ltlon of the solL

ln the fleId.. the Dayton, because of lts subsoll Ls urch

less productlve ln the fleld. than ln the greenhouse.

Sanrples of Dayton surface soll when removed. from the
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hand.lcap of the subsoil are qulte pnoductlve. fo that
extent g::eenhouse d"ata are d"lscredlted ln d.::awLng con-

clusions appllcable to the flerd". on the Melbourne soil
excellent lncreases ere obtalned from ]lmestone aften
phosphonus and organlc matter. are ad"d"ed but the total
cloven yields are never more than mod"er"ate.

lYhen Austrlan fleld peas wel:e used. as an ind.tca-

tor crop ln pot stud.les, fafu. yleld"s resulted. on both

solls. The peas greru equally well on the Dayton and.

ffelbourne soiIs. Llme, phosphorus and. rnanurs apparently

d.1d not cause much lmpnovernent tn growth. fhese resuLts
suggest that for best utlllzatjon of these marglnal Iand.s,

cl'ops sensltLve to fertlllzer and lLme doflcieneles
should, be avold.ed..

Crowther and" Basu (11) found. that after flfty
year:s of field tests at Rothamstead., yields rrere maLn-

talned. wlth.out the use of Ilme on acr.d" so11s by chooslng

crops of 1ow llme nequlrement. Hyslop tzz) sta.tes that
Htgi:iand bent ffass for seed. can be grown profttably on

the l{erbourne sol1, ffid ,,vLih very litt]-e expenclltrre for
fertlllzors' He suggests thai only phosphorus fertilrza-
tlon ls neederl for bent gl:ass. Thls crop proves not only

rerntneratlve, but p:"events er:oslon and. build.s organLc

matter.

Probably for extensive acreages of mar"ginal 1and.
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lt ls advlsable to ut1llze erops that rvill grow sllecess-

fuI1y, lf such crops can be for:ndr rather than to

fertilize and" 11rne heavlly for" grotring general farm crops

wlth high fer"tlllty requlrements. A far"m unLt containlng

sma1l acreages of Dayton or l'{elbour:ne soils as a part of

the farm offens a somewhat d"lfferent problem. Und"e:: such

cond.itlons, lar.ge expendttures to make the poor spots pro-

duce rnay be justi-fied" even though there ls llttle or no

pnoflt fr.om the poor land". Improvement of smal1 areas ln
otherwlse good. land prevents the poon 1and. fr.om serlously

d-epreelatlng the value of the whole farm.

Llme i s not a maJor llmltlng factor ln ttre pro-

d.uetlve eapaclty of elther of the above solls rrnd.er" fteld
cond-ittons. UntLl other d"eflciencles are eorr.ected",

llttIe or no response ls obtalned. from 'ilme, partlculanly

on the }ttelbourne soll. Wlth other d.eflclencles eor"rected.,

smaIl appllcatLons may help tne 1n6sul atlon of legumes,

but greaten responses are obtalned. fnom the heavler

applleatlons. fhe placement of the 1lme, oD or? near the

seed., had. Ilttle effect upon the crop response wLth either"

so1l und.er greenhouse cond"itlons, If marglnal land.s aro

profltably utt1lzed, crop selectlon, rathe:: than extonsLve

ltming or soll lmprovement, appears more feasLble.



$r:.ramany

1. The solls 1n these stud"les arae merglnal- ln

respect to pnofltable utlllzatlon. The d"ata show the

Selbourne se:rles to be hlghly weathe::ed. solLs noar cour-

plete d.egeneratlon. An lmpe::vlous clay pan llmlts eriop

productlon o3r the Dayton serteg.

2. The Dayton and Melbourne solls, thouglr havlng

approxlmately the sa.ue actlve acLd.lty, d.lffen wld.ely ln
total aetd.ity. The Melbourne sol1 ls hlgh ln total aeldlty
indlcatlng a hlgh Ilme requirement. The Dayton soll, 1o

companlson, ls 1ow 1n total acld":Lty and eonsequently shows

a low llme noqulreuent.

3. The Melbourne soll Is deflnitely lacklng ln
avallable phospho::as whlle the Dayton soll- ls wel1.

supplled.. Phosphorus rmrst be supplled. beforo lime can bo

fu1ly effeetlve ln incneaslng clover yleld.e.

4. Phosphate flxatlon ls h.lgh ln both solIs. I:rd.lca-

tions were that fr.ee lron and alumLm:m oxld"es present 1n the

sol.ls were nesponsible for most of the flxatlon. Sorie flx-
atLon was due to hrumrs but Ln a fo:rm ultlmateLy aval.labl-e

to the plant. Llmlng at the::ates used. in thls stud.y d.td. not

lessen phosphate fixatlon.
5. Actlve alumLnum was not present ln quantltles

suffj.clently large to be toxtc to plant growth ln the sotls
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studled.. A}.rmLnum toxlcl"ty ls not a factor, therefore,

1n llmlng these solls.
6. Nltnlflcatlon ln the Dayton soll was high when

nltnlflable materlal was ad.d.ed.. fhe most vigonous nl-tr"l-

flcation resulted" wlth the hlghest 1lso treatments. Pen

unlt of 1lme, the l1ght ll*re rates wer6 rnore effectlve.
7. The Melbonrne solL had" 1ow ablllty for nltrlfl-

catLon even vihen nltrlflable materlal rlras pnesent. Llmo

d.id" not stfunrlate nitr"tfleatl-on. ffhen phosphorus and. on-

ganlc matter were supplled., nLtrlfLcatlon proceed.ed. as

vLgorously as ln the Dayton soll. Wlth these d.eficlencles

supplled" ltml.ng stlnul-ated, nitrlflcation ln proportlon to

the amount add"ed..

8. A close co::relatLon was obtained. between nltrL-
flcatlon and. clover productlon. The treatments that

stfumrlated. nlt::lflcatton stfumrlated" plant growth.

9. tlme lncreased" elover yleld"s on the Dayton soLl.

Appltcatlons of 250 to 10OO pound"s per acre hs.ve proved"

relatlvely more beneficial than heavler" rates. The hlghest

yleld.s, ho'wever, were obtalned wlth the heaviest tneafuents.

10, Total ylel-d.s :"emalned" extremely Iow on the

Melbourne soll even wlth heavy llmlng. Manure and. phosphonus

tr.eatments resulted. ln large lncreases ln yle1d. When

phosphonus and humus d.efleleneles nere eorrected., the beno-
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flelal effect of llnrlng th.e l,{elbou"rne soil was appar ent.

11. 0n varylng the soil reaetton between pH 3.O

and" pH 8.0, the hlghest clover yleld.s were obtained" rrear

neu-tra1lty. Eltratlon curves Lnd.lcate the soll acid"s are

highly bufferod ln both solIs, thus ::oquirlng htgh lirno

::ates to lmprove solI reactLon. The feaslbtllty of llmlng

to the neutral potnt 1s ther"efo::e questlonable.

12. fn the greenhouse studies no apparent beneflt

vras obtalned" fnom placlng smal1 amounts of lirne close to

the seed.. Llme placement d.oes not appear to be a faetor

ln the economlc 1lmlng of marglnal solls.

13. Many erops, includ"lng some legumes, are less

sensLtive to so1l d"efLcieneies than red, elove::. For the

profitable utllLzatlon of marglnal land.s, cl"op seleetlon

r.ather than extenstve llmlng or soll lmp::ovement appears

more feastble.
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Plate I. Melbourne Soil
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Plate II. Melbourne Soil
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Plate V. Varying Soil Reactions
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