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LTRCDUCTICH

The importence of en adequete supply of celeium in
roznic soils hes long been recoinized as essentiel for
cptimum crop yields., llowevsr, specific infoinetisn regerd-
1ig retes of epplicction of celciwn reguiired to bring ebout
optimun, conditions in acid orcenic soils is liwited.

It is important to recognize not only the tenetr'icicl
effects of celcium, applied in the form of lime (cealcium
carbonete) in optivum cwounts but also poccible detrimental
eff'ects essocicted witih overliming.

Soil recction (pd) is gencrelly considered cs a
precticel msesure of the lime neeus ol ean orgeanic coil.

It nhes been observed, nowever, that crops growing on orzenic
coils with similer soil reaction very in the degree of
responce Irom lime applicctions. Ia extreme ceses teir

crops of onione have been produced on £oils with & low i

end oa otiizr orseaic soils with the ceme pI & crep feilure
would resalt. Soil reection, tuereioie, doess not cppeer in
all ceees, to te the only criterion by whilch the lime reguilie-
ment of en org:enic £o0il can be based.

While tne need feor lime ie recoznized es & reccrienuced

soll renesemsnt prectice, the cudition of eicessive emounts

9«

of lime to & £2il should Le eavoided in order to preveut tue

inducing of certeain micro-nutrient element deficisnces,



notebly menceness. llensinese, ireon end eluminua evellabilities
ere highest in the so0il rczction ranse from intensely acid
(pi 3.0 - 3.9) to strongly ecid (pd 4.6 to 5.1).

It is imuoortent thet thece micro-nutrient elements are
in optirpun eamounts in the soil, thus ypreventing e deficiency
wiel too little is pres:zat or o toxicity when they are prescat
in excess. The former coailtlion commoenly occuars oa soils too
heevily lirmed, waerecs the lztter conuldition frejucatly criszs
wien the solls are teco ecid @ 1n nsed of lime.

The following study wes lustituted To investigate o

nuunber cof factors thut might te associcted with the causes

of vurilation in the respeonse of different ecid orsanic solls
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REVICZY CF LITERLTURE

T . e Ny . s ok - ~3 T
in neny respacts the propertice of orgtuils SoOlls Ve

- .

Lecn repcited to be gimiler to those of miaerel soils (87).

Orzanic soile possess, s do niaerel soils, tane progerty of

ioanic exchonse (
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oi' uegsres,
reat solils conteining :ore evsorbed cations theaa do minerel
solils.

Ca the other huna, striking lahereant differe.aces wese

f'ouna betweea tizse coils. Peat coils, coavelalng compore-

minz e €o0ils,.

Wilson aand Stater (37), investi the lonic exchen.e

C:
I

of pecet £:ils founa tiuct orcenic soiles differed gulte widely

in the coatent o excawagoescble ayrurec.en, had e high gbsosrptive
&peCilty 1'cr cotions end to conteln lurge amouants of replacezils
catione in ccupurdicon with the aucunts usueldly Iound ia mlncield
soils. n 1laverse coisrelition was cLscrvea betvecn tne degses

N

of eciuity end replecewtls ceti-ns. Little releatiocasiaip

o

Letw-en the totel exchunge copacity wnd L. wes foand to exist
end exciaense cepecity wes not necesscril: a fMuactica of the

diceinit (12) stited that the olbject of lirming ves

srim=rily to bring caleiwm 1atc the cley lauwmas fraction of
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the soil (lime ebsorption) and thereby iacresse the widunt of
calciam p2r 100 parts of humus ead thz degiee of tzse seturuticd.
feneficiel chinzes 1 so0il structure gad s2il rcaction &lso
reculted. Lime not adsoibed either remcilied iua the carboaucte

forn opr ves repilaly transforued into tihis form.

Hissimit (13) worlizinz with lime additions on organic
soils found & relstionsnip between the three valuces: pH, tae
desrezs of scturetion of the tase exchenge complex and
millicrameguivalents of bases present.

Wilson and Staker (37) aad Gedroiz (10) have pointed
out thct celcium 1s the predominant excincngseable cstion oa
the base excicnge complex.

Ge.roiz (10) reported thct tne order of relative mugni-

tude of the proportions 1n wailci cations occur ia most soils

e

s Ce, Lz, K &nd Na, according to the decrecsing energy of
absorpticn. It heas been showa (5, 7, 25) that an excessive
concentretion of celcium lons tends to decrcacse the ebsorption
of other nutrient lons.

Lioser (23) studying the celecium nutrition of plints at
verious pil levels below neutrality found good correlaotion of
pleast growta with celcium coacentretion. With three types
of plents, coryteans, lespedezs and sorghum, it was found
I wes @ minor fector in ccompericson to the sugply of

aveileble celcium. Iucreszsing the supply of evailcile celcian
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resulted in incresses in plent grocth cnd the cbsorption of
tne other autrient elemcats.

Devis and Zrewer (£) poiated ocut tawt coageratively
larce guentities of calcium ere essenticl to plont growtin.
They found thoet normel ctesorption of other ions depended on
a certzin minimel gquentity of calcium ions, the amount very-
i1ng withh the plent ctuaied.

Horimer (14) ststed thet the znnucl harvesting of zood
yields oi" crops from muci led resulted in the greaduzl renovel
of consldercile ciounts of lime in the form of cclcium and
me. siesiun compounds in those crops. If the muck was well
supylied with lime, this remwovil hed little or no eftect on

the pi or thn

M

Qroauctivity of the scil. Lost crops will grow
norwelly witn proper fertilizetion with ths muck soil reaction
aovil aS low &s 4.6. inowever, ne stated the rangce in adaptable
muck soil rewction for onious was between £.0 end €.6.

Davis (4) has used lime et the ratio of 4 to 1C tous
per ccre to correct extrems conditions of ecidity. Hde stated
tact the arount nsed cepended upon the cecicdity eand type of

muck end conciaered a pi of £.3 to €.0 as idecl for nost

“

crops thet wonld te grown on rmuck solls, with tne exception

-

of' crauabteriics cnd blueberries. 1ile aglco found thet the pld

of the muck 1s in peart correlsted with micro-nutrient elem=nt

&

neess.
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Pierre and Allawey (22) mentioned that a decrease in
soluility of mungeiiese end iroa mey occar &s tasz hyarogsen
ion concentretion cf the soil decrecses, but it is difficult
to aistinouish betwesn en unaveilabls form resulting I'rom
reection enda iacbility of the plant to utiiize them as a
resalt of excess calcium in the plant. Piper (27) has showa
tizt the golubility of manzanese 1s intimetely controllsd by
tihe s0ll reectinu end by the oxidetion-reduction eguilibrium.

Shermun zad darmer (34) have shown thet neutrel end
elkaline conditions favor tae formetion ol mensenic mengonsse
and acid conditions of mznronous mongonese.  Strons reaucilig
agents al'e capeaule ol reversiing tue oxidaetive eguilibrium.

In general, &s the nmeia-cnous iloil decreeses in the s0il, the
easily re=aucible 1n0s incieases eand, as tae man_ anous ion
increaces, 1n0Os decreases. They have stated tact in alkaline
soils at leest 3 p.p.m. of exchanseable manzunese must be
present for satisfactory crop production. In order to main-
tain an adeguate level of the exchangecble frection tils must
be supplemented by at lszast 10C p.p.m. of easily reducivle
Ml JaileECe

Ilzan (18) studied the effect of additions of calcium
and mengesium carbonates on the water solubility of manganese
in two acia soils. de found thet thz solubllity of munsenese

was replidly decreased by both carvonctes as thz coll reection
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became less acid euad only a trace of water solutle mansanese
was detected &t pid 7.0. e cleso found thet lncrecsing
dressings of tine cerbon:ztes of celcium end mesnesium steaally
decreesed the amount of menseiacce in the crop until near
neutrelity the plent exnibited typlcal sympotouws of mangenese
deficizncv.

Lynd and Turiz (17) found that lime proved hisily
beneficiel to crop growth, but definite injury occurred
when the lime reguirement of the soll wes exceaded. They
found tact a merked decrease in exchangectle men ancse in
the soil resulted from incireuzssed rctes of lime.

Funchess (9) observed thut applications of lime to
acld coils decreeced the emount of replaceable mon_enese.
Tne lime-induced chlorosis reported by Gilbert, Leclzan and
dardin (11) was accompsaied by a low manrenese content of
plents growiwz on limed soils, as compared with those
growing on more acid soils. Iisrmer (1l4) stated, however,
thot elthoush it is true thet those muciks which show a need
Tor mangeanese jsenerelly have a fairly high pi, occeasionally
elzaline muclts do not require mangenese. Russell (&2)
stated thot soils on wiich mensenese deficiency exists are
gencrelly reclailmed peets rich in orzenic metter end made

ellkeline by lime.
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Duvis (4) found waen thz pi of tus soil reeccn=d €.5 or
sbove, manzsinese in the form of meniscnece sulfete, was reyulred
by & number cf crops, such &as onilons, celery, spealwmint,
lettuce, teble keets, potetoes, cerrots, peas, beans, suaan
grass ana oats.

The work of Frince and Totn (30) revealed thct exchan e-
able mengenese decreacsed with increasing lime epplicection and
plie  Therr beased tinls difference in excheaiecble menganese due
to the excnsn-e between the adsorbed man.anese and celcium
ions in the solution. The resalt is a precipitation of the
former cetlon s insoluble muiicenese hydroxide wihich may be
oxidized to InCg.

Ledergue (20) reported thet nengcnese in the plant is
coinected with carton sssimilation, end in thils rescect the
nigaer concentration of' men, cnese iun the leaves cnd the lower
couceuntrations in the roots of various plints is iuateresting.
Reminston end Chiver (31), in examining a number of aiffereut
vegetebles found from threse to eight times as much manciaiese
in the leef'y perts as in the roots.

The cvailevility of men ese &nd lron are erfected

(2

[
o)

in much thes suare nenner, but es shown by the worlt of Wwillis
end Currero (32) the solubility of iron end the anouant aveil-
able to plents ceinot be teizsn es & certzin determinent of

the efficiency of iron.
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Lann (18) working with soyileans grown on heavily
lired =soils elcso concluded thaot the soluiility or iron end
nangeaiese in soils, the ircen enda mensenese conteined in
plants and the chlorotic plsnts thet resualted is ot

)

assoclatec vwith a deficiency of iron, but is specificelly

due tc e ceficiencyr of men;anese.

Aalthough appareatly not as common an occurrence &s
gluminunm toxicity, mengeness toxicity has been reported by
& nuaicer ofAinvastigatcrs. Jecotson and Swenbecek (16)
steted thet & definite correlation was esteblished between
reaction of tne =o0il zid mencensse content of the nlant
meteriels, viz., thzs nigaer the acicity, the gureeter the
percentese of man_anecse found in tine plent meteriszl, until
a toxic emount resulted. Blair end Prince (1) found with
siiznt exception, the manganecse coatent of the crop decreased
as tae emount of lime e.plied to the soill ilicreassd. LEmmert
(8) increesed the menzanese content of lettuce by adding
sulfuric acid to the soil and obteined a chlorosis and
recuced growtin waich he ettributed to monginese toxicity.

scluble neng

The occcurrence of

“

€ 1n ean acic coil rey lte

Qe

[

one of the ceuses of toxicity in such soils as exhibit toxic
effects zccoiding to Lcliargue (21).
darrer (14) hss glso shown thet the addition of sulfur

to ollkkeline rucelis ie oxidized to form swlfuric zcid in the
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soll whiech permenently lowers the il and increrzces the cvelil-
cbility of the pnosphete, min cnece znd boron ccerounds
present 1n en uneveileble condition ia the clikeline nuacke.

L'ost of the evidence s to whet ceouses the irjuriocus
eff'ects of ¢cid =o0ll on ;lents supports the view that it is
due to toxic egmounts of coluble cluminum or men.unese cnd in

-

core cuces to e conbined efi'ect of the two. In most inc

b

nowever, <Juminmue hes been found to te the toxic prisciple

Crist (3) found thet s plicctions of lime grectly
reducec the intoite of iron and &luninum by the plente.
Hardenburg (15) rejorted tnut there is some inaicetion thet
the iron and @luminum in lettuce tissue decressed vith
incressing pid vilues of the scil.

Truoz (3€) concluued the main herrful iufluence of
scil ecidity on certein plents ic due to its influence in
preventing these plants from getting, et & sufficiently
repid rete, tue celeium as the carbonete or bLii-cerbonate.
Celeium is neeied to noutrelize end precipitete certuin
aclds iu the plente thenselves, whiech ere jrobzbly lergely
by-products, produced ws & result cf certein vitel reections
in the groutn of the plente. IT celeium in thess forme is
not fuvinisneda at e eufficiently repld 1ete, then the rete of
these reascticns is loviered eccordinzly e 1ls &lco the reate

of plent zrowth.

tences,



Five ecid organic soils were obteinad fror the
followins loccticis in lichigen durinz Octoter and Novembver,
1220, from the upgper 17 inches of tie =o0il prorile.

Soll hunter 1 Trebich Ferm, Livinzston County

2 - Lnderson Feim, Lepeer County
3 - Vicinity of Capitol sirport, Inghem County

4 - Schoenfeld Ferm, Lepeer County

(@)

dorton Ferm, Clinton County

The so0ils were dried to an eppereut optirua nolstuse
content sad each scil wes sieved through a 1/4 incn screen.
The =01l wes vnifornly mixed end & ten-gren semple of ecch
scil wee dried over night et 115° C. to determine the
moisture content.

Determinastions cf pi were made ca duplicete semples
et the previously determined moisture percentuges by the
£lecss elzetrode 1rethed.

Lime vas edded to the scil in two-ton incremeats

resulting in soil trectments verying from T to 12 tons per

ecre. Eecch trectment wes repliceted thres tires.  in
unlimed treetment wes incluced in eescn case.
A beesic treetment of £CCO pounas of 5-29-18 fertilizer

end 1CO pounds of copper sulfate per ecre wes edded to c¢ll

the treatments of the five csoils.
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The addition of copper to orgenic soils with a pid of
6.2 o1 lower ics very importcnt for rmeximum crop prodiction
of & number cropes. ZTFesides resalting “n incressed yields to
meny crops, it hes been regcrted to improve the color and
quelity of onicns, carrote, lettuce and spinzch (14).

The scoil, lime, tertilizer and copper sulfate were
thoroushly mixed end pleced in one gallon jers.

On Jenuazry 19, 1951, the jers were seeded 3/4 to
1 inch deep with Erigham's Yellow Globe, a medium maturing
veriety of cnionse.

Prior to seedirg, the seeds were trected with "Arasan®
to prevent damage from scill berne orgeanisws.

The onions in eeach pot were thinned to four onions
per pot.

The =ciles were meinteined et cptimum moisture conditicns
Ly periodically briising the Jjars up to weight with distilled
weter. Notes were recorcded and photogrephs teken of the
plants to show the differences thet developed.

The cnions were hearvested on June 21, 1951. 4&ir dry
welgnts cof' the tops cuie tulbse were recorded.

The untreated =o0ils vere chermically enalvzed for tue
rfollowing constituents: Exchengezble celeium, magnesium,
potessium, codium, meangenese end iron, and totel iron,

eluminum end menzenese. In additicn the followings properties
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were determined: pi, exchangeeble hyarogen, totul exchune
cepacity, excheougeszlle caticns (total beses) end per cent
base seturatiorn.

The lime reguirement fol each soil wes determined.

Exchangeable and easily reducible menganese end pi
were determined on the coils sfter treatment with cealciunm
carktonote and folleowing the harvesting of the onicns.

Totel mungenecse determinations were meade on oven-
éried tissue from the tops ana the tulbs of the onions to
investigate the relatiouaship of the emount of mangenese
present in the plants znd the smount cvaileble to the plents
et the verdous soil reections obtained efter liming; end to

cee whet effect, if env, this haed on the growth and vield
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LLTHCDS CF CILWICAL £NALYSIS

Ease Exchence Copoceity Determinsticn (33)

Plcce 5 grars of eir ary soil in a 300 ml. flecit end
ecdd 250 ml. of neutsrel N enmonium ecetste soluticn. Shake
et intervels frem 1/2 hour to 1 hour, &nd thea pour into a
funnel fitted with e numter 42 filter peper. Allow to
dreing then leach with en edditionsl 100 ml. of C.1 N
exmonium ecetate. «Iter the soil in the funnel hes finished

draininz, leech the co0il slowly viith 200 ml. of 10 per cent

b

<
(=5

d

«

1.

Plece the selt filltrete in a Kjeldehl flesi, add
20 ml. of' £ N Nalil and distill into 50 ml. oi 4 per cent
boric ecid solution. Titrete distillete with C.1 N HCl
using brome cresol green as the indicator.

Note: Af'ter the soil nas been leached witn 0.1 N
ammeniwa acetate solution, it must be washed witn en in-
definite amount of cdistilled weater and 8% to 9C per cent
ethyl alcohol until all the occluded smmonia hss been
removed. To checit for ebsence of emmoniea edd 1 drop of
lessler's reagent to 3 drops of tie lecachzte. Compare the
coloyr cbtained zgeinst & color chert for ammcnie. & very
pale yellow cclor indicetes epproximctely 1 port per million

of ammonia present.



Determinztion of Totwl Ecrces (2)

Extract the so0ll by the sale procedure uced in the
determiineticn o' the Lese excihonge capacity.

Collect the filtraste end evasporate to dryness on a
hot plate. Trensfer the residaus to & porcelein evaporetiiig
dish and .ently icnite cover a meeker burnsr for e iew minutes
end then ¢t full red heat for 10 minutes. 4iAfter cooliung,
edd & calculeted excess of 0.2 i (ICl, waim the solution end
rub the bottom of the dish with & rubtber Jolicemecn. Add
S arops of methyl red indicetor. The sclution should be red.
Bzck titrate with C.1 N Heli., Cezlculate the milliequivelents

of €0il besges per 100 rrams of soil.

Por cent EBrcse Ceturction

From the tacse exchnan,e copecity and totel buce
~ pe J
detesmineticns the per cent bese satuiction mey be detesudined
in the rollowin,, menner:

Totzl becse
rese LXCH¢H¢9 Capacity x 1CO = per cent bese seturction

Excnangzceseple vdrcsen

Frcm the base exchange cepucity ana the totel bLase
determinetions of & =o0il, the exchingesble hydrogen mey Le

calculated in the following menner:

3

By

{eaang

m
P

ace

e Ceapacity - totel teses = Excheangeable
hyaro.:en
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The Determinstion of Coleium, Seodium end Potessium by the

Fleme Photemeter (25)

Freperstion of Colution A
Extrect the €211 by the szme pirocedure used in the
deterninstion of the tose exchenge cepacltye.

Collect the filtrete eind eveporate neerly to dryness.
Pour iato & 1CC ml. volumetric flesk. Cool, dilute to
100 ml. exd lebel as soluticn A.

Pipette EC ml. of solution A into & 100 wl. veclumetric
flask, add 1C ml. of 220 p.p.w. lithium cnloride solaticn,
end dilute to 100 ml. The solution is now reccr for the
determinction of calcium, codaium end potecesium.

Celciun

werm up the fleame photometer using the blue photccell
for at leest one-neli hour jrior to ite use. Locate the
positicn of the celecium line on the wave lenzgth scale with
e soluticn counteining €0 p.gp.m. celcium in the foom of
Cellp.ZHaC. With the locetion esteblished, reset the

nechine for the indilirect method cf determinaticn, nusiag
2% pepe.m. lithium in the form of the chloride as the interncl
stendeard.  Set the €C p.pem. colcium soluticn conteining
28 pep.m. litnium at 10C end chscez onz poilunt on the curve
to e sure that the raciiine is working sstisfectorilye.

A 30 pe.p.m. celcium solution should read 0 scele divisions
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when the 60 p.p.m. calcium sclution is set et 100. Pour
uniinons in the famnel of the flame photomcter znd record

~
Sed

_Jo

Lan

Loczte the sosition of tie sodiwm line on the weave
lengsth scele using & solution conteining ZC pe.p.me codiam
in the form of codium chloride. witn the location esteablicined,
reset the machine fou the iuacirect nethod of deteriinetion
ncing 22 pep.m. litidium es the Literndl stuicerd. Sct the

0 pegem. sodium sclution coutsianins £8 p.p.me litalum ct
Py FS [ -

&

E

10C, enrd checlt cue jolnt cn the curve. A& 10-p.p.m. sodiunm

solution should read €2 scele ailvicions wien the 20 pep.m.
sodiam solution is set &t 1CO. DPour wimoims into the

o

funel of the flews photonster end record scolzs readinss.
Recd pep.w. sodius frowm cuive.
Fetessiun
Remove tine blue hotocell from the photoneter sud

wotocell. Loccte the positicon of the

5

replece with the red o
cotzssiam linz on tae wave lcagtn ceccle with a solation of

coteceiun cilloriae.

G pep.m. potassium in tie forr of ;

with the loceticn estcblished, res<t tiwe Listrunment fow
tiie imdirect nethod of determiuction, usiig 28 pegeme
lithium in the feorr of the cidoricde ecc the 1nteradl stencard.

Set the €C-p.p.m. gotecsium soluaticn conteiniliy Z0 peoelle

i
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lithiunm et 1CC, end checli one point on the curve. s 30-p..5.7
potescsium soluticn reed 435 sccle civisions wien the €C-D. eIt
K eolution 1s set et 10C. TFour uwnimnowns into the fumacl of
the tleme photometer and record sceale readins. lecd pefemlm.

from the stenacerd curve.

Deterninction cf l.ooaesiunm (€)

In this method for the determinction ctf me,.nesium,
it wes feound thet & 10 ml. eliguot of the carrple and 10 nl.

onceantretion of £00 grame per

cf scaium hydrcxice with &

o

liter, proved becst for regnesium deterrinctions on the
orgzanile €nils used in thnis studr.

Since tiicee £0ils ere not perticulerly haizh in
megnesiug, & smeller alijuot than 10 wml. did not ccoateln
sufficient meonesium to 2et en aceurcte test with Thiazol
Yellow. 10 1:l. of cocdiun hydroxide with & concenti on
of Z00 grewe per litre wee also recuired rother thair a
cencectretion of 1CC greie er litre in crder that the
regulred volune cculd be naintained cad thet the coler
could be developed.

The procecdure oiatlined by Drosdoft and heerpecss (6)

wes folloved with the ckbove modificaticas.



Determinction of

L=t

deirh a £-% grem scmyole inteo an ignition crucitle.
Iznite over night et 5CO to €0C° C.  £dd 3-5 ce. cf
coucertreted Gy to the esh and boil fer 1 ximute. wadd
ebout 25 ml. of water end filter. Tiach with hot woter
until it is free from nitrates (test filtrate with
diphenylamiae).

Sviporite the filtrate to & volume of 10-40 cc.,
thenr edd 1 ce. LGz, 1C drops of HzPCy cnd 2-3 drops of
Hr8C, (helps the color to develop fester), ocnd 1 ce. of
pericdic celd colution (20 zrams por 120 cc. of vwoter).

Heet until the £0oll color develcps, thea traansfer
to o volametric flaesk cad brias up to volunme (usullly 1CO ce. ).

Read the per ceunt truasmission 1a & photolometer or photo-

()

icetric coloriireter, ucing filters 401 ot S22 1n coubi-
nztion for the photolomster ead for the photcelectric

5C ra (millimicrons) wuve lencth

&
6}

colorimcter & filter cof

fos colowr comperison.

, ) . .
D e AN e s Nl A e s A
vonensostle lontoiess (24)

Add £50 ml. of neutrsl nermiel cownonium ecetote
colution to fleek conteining the scil. OShulle freoucutly
and filter. «eturn coll to crizincl 1lacli foir extiuction

-

vith ammonium ecetete-hydrojuinons solutic Lvz orote

the filtrete to dryness and 1znite over cn open f'laue
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Dicsgolve the residue in dilute HIOy and determine muriguuese

Ly the pericdate uwethod.

(34)

o

Ereilv-Redueibles ilenrei-s2 Dioxid

Add 20 ml,. of neutral normel wnmoniug wcetute

cluticn contelning C.2% aydrogulnoas to flock contuining
soill from wihlca exchen ceble mungeaese hes been removed.
Chalte conteonte of fleclie Tfreguently and filter 1n the swne
meanze ¢s for the determinotion of exchenreclle momnganese
L34 10 mi. (1-1) of Hel0y end 10 to 20 ml. of coacentretad
L0z to filtrate and eveporcte to dryness by Loiling
vigorcusly. The INCz rmast be in excess so thot, wien liguid
gyproacaes dryness, it will fown, due to escopi:y: nitrosen
oxides and tims .revoant spetterin:. It is essenticl thet
&il hyaroguinone be destroyecd. Reclouue efter eveporeticn

cnould e a trenslucent mass. Dissolve resivue ia 25 to

50 rl. (1-4) of H.£Cy and determine men;

(f)

e as previouzly

3

descrited.

Ble Iron (3%5)

™
B
Q
]
—
o
~

Iron is determined colorinetrically es the ferrous
orthno=-pnencnthroline complex. For the determinction of
eXchangeable 1ron the soll 1s extrected with the sase
enount and concentrestion of cmmoaniunm acetate thet has teen

orevioucsly described, end eveporsted nceeily to dryness oil
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a not plete. .ash into a 25 ml. volumestric flasiz, &add 0.5 ml.
5 per ceat solution of hydroxylemine hyarocialoride end 1 mi.

G.20 per cent colution ortho-phencathroline in 25 per cent

S
[

Lix zag cdd 60 per cent cmmoaium ecetete solution

to obteain complete color uevelcpment. Dilute to volume.

Pirepere e stencdardas simaltaneoucsly znd reacd on a
photoelectric cclorimeter, using « filter of 830 mu wave

m

vericone The color shoild be reed

lenstn for color com,

withiin 1 hour efter its developncnte.

Totel Iron end Aumiaum (2€)

oLF
Ll

Iznite a Zrom an ignition crucible &t

500-600° C. over nigat.
Dissolve &sn in 3-2 cec. of HNOs znd dilute to a

[ =ral

volume of 250 cec. If the extract is tnowmn to te low in
phesphorue edd &bout 0.5 ;rem of (NI4)3 iiP0y before meking
the cilution.

Add a few drops of thywol blue aad thea NI 01 uatil

the solution juct turas yellow. Jua in 0.5 ml. of conceantrcted
ACl and follow with 2T ml. of 2L amonium acetats solution
end stir. Let stand et room tempereture until precipitate

scttles (zvout 1 hour). Filter end wash 10 timss with hot

S per cent Lilsl

4-:C3z solution. Iznite ond weigh as iron and

aluminuan pnosjnate.



oo

-, -

Fipette & £C ml. cliguot from tie original <50 ml
into & 200 ml. teelier ead eveporate to & volume of &yproxi-
mately 20 ml. Oxidize the iroan by cadin: ¥Kinl, (1 + 1020
until a very feint perinonganete color persists. aad S rl.

of 130 per cent UIyCi3 solutio.n end titrate with dilute

TiClz solution to diseppearaice of red color. Tais will
give tne enount of iron prescut.

Comnvert this emount ol iron to FerFCy and subtrect it
from the totel amount ol FeFO, cnd ALFQO, obtuined on ignition,
precipitetion and weishing; this will gilve the amocunt of
AlFQ, present. EBoth iroa end eluminua phosphate cezn be

converted to per cent iron end eluminum by specifiied factors.

Lire Requirement Dct inction (41)

A buffered solution of tae following ceompositicn was
prepered: Pere-nitrophenol, & greams; calcium aceteate
40 greme; end sodium hyceroxide, l.2 grems. The mixture
was mede up to 1 liter with distilled weter. The pd of the

resultins solntion wes then adjusted to 7 at 289 C. with a

Y

fevw drope of dilute ICl or pellets of wWali es required.
enty cubidce centiimmeters of the tuffered solution
were edded to a meeasured 2 gram swa;le o 40 mesh alr-dried
soil in a S0 cc. glass bedlicr. The mizture was shelten

gently end let stend 30 minutes poior to reauins ths i

with a gless elsctrod
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O czenic lotter «ad Totel Ash

A 5 grem cample of so0il is weizhed into a weirhed flet
Lottomed dish of zbout 42 ce. capreity (platinua or fuced
£ilica) which has previcusly been iznited. The dish witn
sample 1s tnea placed in an electric mfflc furnzecs and
slowly iznited &t 500 to 600° C. over night. &Atlow to cool
in & desiccetosr end weizhe The loes in weight 1s cdue to the
loss of volutile coastituents, wailch in peet ena mack analysis
is taxen as the content of orgenic wmatter. Celculcate the
percenteacse of orgenic metter end total ash in the semple
correcting for moisture cecunteunt ia cace the sample taken

was not weter-free,
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EXPZAIMIGTAL RISJILLS

Table 1. Somz chamiceal characteristices of five acid orgccnic
coils used iu the investipation.

Lillieguivelients
oer 1C0 zreme of eir dry soil

Total Fer cent
_ Dxchangesble excnange Lxchonzeeble bace
Soil pH hvdrosen cepceity cations saturetion

1 2.6 5.2 €l.73 16.6 20.9
7

2 Oe €25 &8C. 42 17.9 22.3
5 4.C €2.4 84,71 229 26.2
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6
o7 32.0

As shown by the deta in Teble 1, the five acid organic
solls aiffered juite wicely in the conteat of excazngesaltle
hydrosen.

Zach soll wes found to possess & hizh absorptive ca-
pecity for cetiocns and conteliied & large anount of replace-
acle Lases.

4 positive reletiosanship was found to exist between pi,
nilligrameyguivelents of bzses and per ccut beose saturatioin.
an iuverse correletion existed between the pid of the coils
end tne millirremeqnuivzleate of exchongecble hydrosen.  »S
indiczted in Tebles 1 and 2 percentage base saturatinig vies

found to be closely relszted to the ccleiuwm coutent cof the

soils.
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MO reletionsaip between pid end totael exciwiy.e

cupacity was noted.

Table 2. Ixchengesalle coticus wid orgenic metter cad ash
contents of frive acid orgeiiic solls

Fer cent Lilliey alvulent,
Orgunic ver 100 grars of edir dry soil
Soil nctter Ash ~ Ca_ 1l X Le L3 Fe

1 1.0 g.0 15.6 l.2 0.3 1.4 .CCO9 .015
2 93.2 6.3 14.3 .2 C.4 1.2 .204 .CLO
3 9C.9 9.1 1.4 2.1 C.4 1.5 .0CS .O17
4 2l.6 &.4 25.9 2.5 C.3 1.5 .CC¢ .CC9
5 87.6 12.4 41,2 2.6 1.3 2.2 .C13 .(lil

For each of the f'ive soiles calcium was Ifound to be
the preconinent exchangeable cetion. In generel, tne cutious
appeered ia the folliowi:ig order ol decreasiug nagnituade ---
calcium, megnecsium, sodium, potecssium, iron and reaglliece.

T e organic metter coatent veried from 93.2 per ceut
1 g0il nurber 2 to 7.6 ger ceut 1.a £o0ll nunmber © aud the
&8 couteuts o these two soils were €.8 per cent wiu lZ.4
per cent rec.ectively.

As shown in Table 2, soil mamber £ contaiiied the

lergest amount cf exchoiyieable catious.
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Tatle C. er coat total iron, clurinunm end manconese in
the five organic ¢oils under iLavestigsction.

S0il Fe Al i
1l 0.22 C.32 . 00E6
2 C.16 C.C06 .COCD

O 0.1° 0.28 . CCC7
4 0.2C C . 0044

3
S 0.43% 4.70 .C113

As indiceatzd in Teble 3, the orcder of nmacsnitude in
valeh the ebove three elenceiits occurred in the scils wes
sluring, ir00 wnd nengaaese.  The percenteoes of the

tiuree elomints dild net very to any mellred degree between
csoils, with the excepgticn of scil nurkter £ waich contaedlned
the lergest creountes of «ll three of tiue elcecmente, wnd ves
rerticularly nish in cluminum.

.8 determined

(&)
O
e
+d
n
()]

Teble 4. Line reguiremionts of th
by .oodruff's mzthed (

moo - - Al
Tons por oeraw

(P c ~ [

Soil 1 ‘ 9 4 c

Lire requirerent 15.1 13.1 12,2 1l.2 Ted

*Z00, 0CC pounds per ecre besis.

Iime reruiremcrt ie defined as the arount of lire
reguirec to bring the soil to pid 7.
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cf lire re uired to reicse tne soil pi to 7, es celculeted
by Woodruff's lime roguirer=nt methed, end tict obteailned

v oactucl limins. A negotive correlstion existed for

o’
=]

soills 1 cad C.
With the2 exception of ecil munber 1, £l the solls
vere reisea to pa 7 with the additicn of 1C to 17 toas of
lire per scre.
It ic evideznt from aste pressuted in Teble 5 thet
scil number 1 hud e grecter nwuffer cepecity then the otuer
2

coile. Tt nas beeu stated (27) thact the tulfer cagzcity
¢

ie clocely releten to scil rogetion end to both azsn end
celcium content.

Table 6. The mancncse status ol tne five or_ecnic soils
under investiretioil.

.
(-

Prits per million
Sasily Incrt
Ixchungseable reduciitle mun, cnese Tote
Soil i Lengcencce Loncucce oxides At abgtayoge)

1 5.6 £€.0 Do 1.7 56.2

¥ ST Sl D7 17.2 22.0
J) 4.0 ST 2.0 0.3 ZCeT
4.2 Co 2

Co
o
L]

[83]
b=
ny
L]

(¢}

.

"

(&N

i

o

oo

AY NS
.

[»)

o —
a
.
@]

15.0 S

The meangenous-mensenic equilibrium of the five or_.enic

coils is saown 1 the above teble. The excheanlgseable men civse
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verieé co:ssdlcderclbly in the five coils. Tals wes due to

)

.~y a - e PR
mounte off totel mern cnece

[

vothh the differe.ice in tae

cleo to the difference in

[

sescsed nt

20

™
L4
&

(%]

€0il reections. The nhi h pd vilucs teavored tie coxldution

of the evailctle melscnese to thne unevellcole menswnice

The cmcocunt of essily reducible monc.cce for each

n

ci” tue five orgeric coils waes relctively smell, but wa

hisnest in soill nunbers 1 end S walch elso contained the

)
[

rrgest crmounts of totel menccoiicse.

There waes e reletively smell emount of mn enece
fixed cs inert MnOS in soil number 1 duc to its intensely
ecid chcrecter, Illowever, the mon-ccse Tixstion wes

considerubly grecter for coil nunvers 9, 4 aa S.
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Thz infloenice o1 ccleiam corboncte ciddition

P 7L T Kl
ercinouseable end eesily red
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gnowil in the cete _icscnted in Teble 7.

A A ey e 3 Ve e Inpjemecco, 3+ '
Tae exciawnsedils nunsunte decreased 1 the

colle witn dicrecciiy; celceium carboncte gpplications

gie It nes beeir 1+

O:L

conditions fevor the fourmaticn of rinyinle menzenese W

A e N Y £ e E
ccld couditions fevor the Iormition of men snius i

a
n
D
e
+
t
o
mn
m
n
O

Thus, thue cveillotls woil Giious e 1o us

been convarted to the wurvelleble monsonic musijcaegs Wi

lucrcrced cpplicetions of ccleium carboncte.

It n:zes been stated (L4) thot in elizeline soil &

(D

S5 penewne of exchziceckle min. cnese rmuct be pres
ssticfectoir crop productioit.
From thesz dete 1t is ¢

CI rmenZeaitus riadiy

et Jroximetely o S.5. as the pad was reiced terond

veius tie p.pem. of exchonectls wmun - anese fell off

L,

the

cortec (14) thet neutrsl cnd slitaline

alle

tais

s1CLre

£t the neutrel point taere wae no avelleble naiscaese prec

In & fencral vy tas ote hove showi thot tl

recucitls wen wilese lacrcesed ¢S the excnourecble mun

-

decrerced.

<t
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reletions. iy wes round batwecn the totel man caoese 1 the
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nen jcnece of the © celd crgenide seils aid exchonseckle
menceacse s shewn in Fijure 1. The sepene of exchongeenl

nen cncsa dncrecced with dncrecsins perceuntores of totel

st

«

1=

—

mensrnece. altioull) €0ill nuwater 5 pcesesced ths h

It ctill conteinzd 1l

S5

a

el yoroal

ST A ey e e N W K Aty vty 3 N
cruchicazealls mun cnsse thenn 011l muneer 1 wiileh ned 12ss

totel wingocace2, Thilz conditon migit be coaciderad due

: > - et - ~L vr exres o0 S e Al ~ -
t> the coaversica of thie cvallalle Louoaous wmongswunese to

(.

1 e tpay N Cen 2 ~
the unnavaillcoble manauic Liaicne

m
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> laduced by wevoravle

c0oil reacticn.
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oo ocaonn 1. Table &, thiE peDene OF antanife Qecwcnsed
in tot: th= tops woa tue bulis with lacrocsi.ng caleilum carloi-
ate oo .lications anG pd. &b the lower puad velaes, 2.0 - 4.0,
tie nionosaese i the tops and the balebs wee 1 the setlo of
cpororinctely 101 ot tue . vieliog tals retio wes
coacivercilyy snsllo, Lh pd 7.0 retio vas cpproxlnctely
Tl forothose piluote _roriag oa soils I, 4 cad & I oevery
CeSe T tobtel mia r.egs wes srectest 10 the lecves of the
*’\l‘g:‘lt.

A Ccororrison off ccte i Tellze © cna 2 chovwe a
pocitive relctiiieaip Lztwien the totol mon nuose ia the
eoils cuat the tovcd nooaese 1 tho pleat tiscue. 4 pocltive
reletinusily 1s ¢leo evident betvwecnn the execlici golles nmeaso-
ness in the coil aue the totel ma cucse 1 T plent tlscuae,
&S shown in Takles 6 ead & (Fiz. 2).

LS enovin 1 Table G, soll iee Ll
toceld e Ge Li0Vimver, the cnio:s norvisted from soll
minper 1, wolcy contilnew i the ceount off totel moiitalce
foand 11 goil muber &, hed the sroctest percento e of
mesl_enesc 1u both tops cal tulbe of ths oniocn plantes.  Thils

ceceouanted for the

ic

difrcre: [hid

. 4 s ] -7 .
two ecils.  Loil nuamter £ hed ¢ e
AN N PR R R N 1 [ A <~
excirt.ecble mocenege aveilotle for lent use.
- PR SR N N X 2. [ah PR r N e
reletizasnhis i stiovn fa Tebles C oend Z.

oY
Clia

)

£~
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il rmaeber 4
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I oae
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Tons of" CaClx Per c=2 Yi=ia of
per escra 1 e s .l onion btulbs
0 5.6 <17 . . 04 Ce35
2 4.1 .00 0.3 .12 145.CC
As ghovin from the deta coatained in Teble ¢, eluminum
was preszat 1n the plent tissue in the lerzest waount both
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As shown from Tebles 10 eud 172 a nigh dejres of

sirniricence 1cs been obtel:rzd Letween trectments ¢’ soil

-

cic sisniricesice et the © per cent

™
)
&
O

nanvers 1,
point for soil nunters 4 aand C.

The yicld of onion tallte ena limes &oplicetion 1is
shown in Teble 12. The yiela of the onilon tualls on coil

nuither 1 wes i.icizcsed with the cddition of celecium carbouute

Jeiam cerboncte trectimzat. sadditional

o
e
ct
o]
ct
o
o
c
ct
O
-~
0]
le]
o

celcium ccrvoate decreccsed the yield of onion btalbs. The
exe . auealle nmenocncss wes gleo ghiovn Lo decrceace witn
lncreceed celecinm cerboncte eddition.

The riela <f onion btulbs cn soil nurbers 2, 3 end 4
were incireasec with ccleiuwa corboncte edditions of 2, 4 end
Z tons recpectively. The exchanccable mon cncse &1s0
decrecsed in taecse ecoile with incressed «dditions oi celecium
ccrboncte.

The pep.mim. of exchongeeble min_ci=ce preszsnt in the

r

soils at meximum yielas were L. o, .0

(&2}

O
N
L]
3
-
o
o
o
-
iy
')

b

54

for soils 1, 2, 3, 4 end & recpectively.

It is showa from thess dete thet meximam yiclds oa
€0il nurters 1, 2 ennd o were oubeiied when £.C to .7 Depells
of excicn cable menccinsese wee prceent i1 the soil. The Ll
veluis wers 9.6, 3.7 end 4.0 for £o0il numbers 1, 2 cad 5

res.ectively. as the »d iucrzcesed to 4.5 ead .0 for scil
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nancers 4 eiad £ the pepeits of exchan_cetle min co0€s £lso

increceced end meximun yields were obzeined et 6.2 wna 1T.0
Pevette of erchongesivle meinenece. It 1le zviaent from ta:cse

aate thet meximum vields on soll r weld

n
O

ulired less exchesizecktle noene-
ncse then colle with o veluss less ecid in reactilon.
Fiom theege cdete 4 to £ pepem. of

.- PR 2 .- . 2 .
moisfecse gpocered optimun in

)
o
t
®
—
wmn
)
b

“
6]
(@)
[N
joh
(@]
(@]
;_l-
=
0n
+
O

™

.
<

(0]

mexirmum vielde; ead 6 Lo L1 pepn.om. off exechsn:

Figures 4 to 8 chow the erfect oI ilicrecced celecium

carboncte cadition on the onions of ths five soils curiig

obteiiea for cech soil. it the execeptic:n oi” soil nuiler &,
ell the solile recsgonced to the addition of celcium carboaite.
Thzee crovutn curves are ret'lscted in fisure 3 chowing the
relution between the 7ield cf onlon Lults and »i,
Tae bulte cecrecsed in size with increcsed calciun
carbonete edditioa affter ths optinmum czount off celeium had

been rezched. as suowa in Figure 3 the ninest izlce usic

e R B N o Yooy T e e R = N T -
cttcined bestiecn the pil ranse of 4.2 to 5.3, From Toble &

4 - Yy o A . NPT, S - “capn R AN ) - 3 « EEE ~
it 1s seen thet o moslred decrezce In tho pepems oF el uncoc
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in the cnicn Lullbs occuried &S the foil pd spproacihed
neutrelity, cnd a definite mon, crege deflelency resulted.
coes ¢f crowth. The

ip8 ¢ the plente develcepad o ligshat rellow cclor, loter
Gizg aud in sows coees Tell coffe £S coown in Telble 8
the cnion plants taot received the €, &, 10 ead 12 ton
celcoium cervboncte trecticnts contelined very little men_ a-

nese in o their valle. The smzll snxcuats of men cnecz in

tne onion bulbes end ths =3

M
o

rly and lete stagses of

of menianece wee a contributin: fector touwirds the low

Tecle 12, The o.timum pii veluce et waid
vi ields were OLt*“ncd from tiie T ¢
and tie pep.ie of moi suzce el
onicn bulls,

Tons of celceiuvm ccibonete PepP.e OI totzl
rejuired to rcise soil HLﬁ‘fAéc in

Sodl P recction to ostirunm =il yi.on bulls
2 4, = GIS

(@}
c Al
I3
o~
™)
[0)]

An]
s}
p)
J

heres wes little difference in vield tetwecn the T ton
end 4 ton colzivm ceiboncte trectment
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Fig. 3-RELATIONSHIP BETWVEEN YIELD OF

ONION BULBS AND pH
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Jil: 4 5 €

Onions approximetely 6 months &fter
plenting.

The effect of lime on the growth of
coil nmamter 2 (pH 3.7). 0O - no lime
2 - 4 tons; 3 - 6 tous; 4 - 8 tons;
C - l‘:‘ tu;So




he effect of lime on the
oil number 3 (pH 4.0).

- 4 tons; 5 - 6 tons; 4
1z tons.




he growth of on

- 1A 1dmrae
~ 41\ = - ~

4 - & tonss O
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Growth of onions 14 weeks after date of planti

Oniions approximctely 6 montns erter date of
planting.

The effect of lime on the growth of oni £
soil number 5 (pI 5.0)c O - no lime; 1 - 2 t
- 4 tons; 3 - 6 tons; 4 - 8 tor S} 0
- 12 tons.
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DISCUSLICH

The exgerirental results presented heve shnovm thet
the possitle factors effecting the response of differeit
celd orgcnie coiles to lime gppglicctinu are nUIMEroic.

The lire rejulremcnt &s determined by «oodrufi's
metned (41) eagreed clocely with the actuwl emount of
ccleium cerboncte recuired to raicse the nil of soils £, 3
sanad 4 to 7.C, but failed to correlate with coils 1 znd 5.
This lzct of releticnehipy wes poesibly due to the greeter
buf'fer czecities of these two soils if the zmount of
celcium certonste thet is reguired to brinz the solls to
any nigher pid velue mey te uced es & sure of buffer
capacity. Hich acldity and a low content of Leses are

associated with high buffer cepecitics as mezsured witn

The per cent bese scturetion and totel exchange

capuclity are perncps better criteria then pid for estimeting

lime needs on or:znic soils. The bese exchenze capecities
of tas five cr_culc soils Ueed in this study did not veary

to eny nerlied de;ree caud thus 1t ves possilile to melze e
200G conerison ia thelr lime reguire ente.

The importence of optimum bese scturction wes chovin
by tne yields obtained on the unlimed trectmzits of the

five orzenic soils.
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Fercentz e beee seturction vwes found to be closely
relcted to tihe celeium centent of the coils end it wes

Fis. 2) thot the vields obteined on the walimed

id
unection of the millieaivelents of

-

egzencnseclkls celeium present. The yvields dncrecced with

!

increeced criounte of exchenseeble celceium up to the goint

wnere caditionsl celciurm inhivited increcced ds. Tt

}_.J

"le

e 4

has teen pointed cut (£) thet 00"~aratively lerge quentitics
of calcium ere essential to lout growth end thet normel
gabsorpticn cf cther ions depended cn a certein minimel
guentity of celcium ions. L&owever, from tae resalts ob-
teined in this study wnd from the worik of otners (9, 11,
17, 18, 30) tne ecdition of excessive crounts of celciun
to the =21l huve resulted in decrecsed evellevilitlies of
meny micro-nutrient elem=arnts ecpeclislly nmen.ecnese znd 1I'0i.
The mensenece stetus of the five orgonic soils wes
fourd to very concsiderszbly es shown bty tue data prescated
in Tevle 6. There wes relctively srmall emounts of mun wiece
fixed s inert oxides 1n =0il 1, due to ite intensely acid
cherecter. dovever, ths fixetion of mrunceneese wes coasilier-
ekly hi.her for soils 4 and £. This reculted from o decreace

in ecidity which fevored the cxideticn to the mengonic four.

emall ia all soils but was nignhest in coils 1 end © whilch

elso convelned thne lergest anounts cof total men_coiesce
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The lerger anounts of exchangecble and sasily

reducivle mon cicese in sclls 1 end O eccounted for the

greater cusntities of totecl menzanece countciied in the

onion tissue heivested from thece soils.
Sherman (14) has stated thet in any clieline soll
et lezst & pep.me of exchengeable mungecnese mast be present

for setisfectory crop prcducticii and in owsder to maintzin

o
]

edequete level of the excheanestle freaction tiids must

o

e csupylemented by at lecst 1C0 pe.pem. of easily reducible
menzanese.  In ecld soils, howevsr, the optimum level of
excnonseerle menzen=cse can be mucn lower, with the aount
depesnding on the desree of acidity.

From the data presented in Teble 6 it wes shown
thet the totel menccacse for evory =o0il with the exception
of =0il & to be less then 1CC p.p.m. and much of thie was
fresent in the inert form.

No mengerese deficiency existed in the plent tissue,

however, whs<re no calceium caiboacte waes epplisd. It a.pccrs,

tnerefcrre, thot sufficient nensencese wees cvailleble to the

»

plent elthousn there wes a srell cmount of easily reaucible

rangaiiese 1n the soil.  with coutinued cropoing, aowever,

L

tnils small rescrve of magensese would eventuclly Lecoae
dzpleted end edditionel mengenese would be regulred, usaclly
~Llied to th 1l e nmon enece sulfcte,

[y
ha)

¥}
O

[
e
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The excheanseazble min_
orrenic soile with increcsed ¢
end pid.  In pert, the exchenze

upen the tovel

This relesticucsiip,

the coil. &t low p.d velues

meil cnesa

We e &

increcced proportionetely with

it nigher

~ce:
Torme

ceid

tro cheorbad

M

in thae L1c recnalt i

<
-

fformer coetion as insol

be oxidized to LnCg.
A reletionghiy vies

in the plent tissue end totzsl

conteired the

quéL-'(se eJ1ct tA;L )lf.‘;t t—u~~~lt}
soils wes &lco the hizhest in

mensanese in tae
nowever, va
the

funetion of tio

tion

reruce in excheneeab

uvle mong:

eviuent

cse decreccsed i the five

clcium cocrbenete applicatd

2ckle minrenece was dependent
eclil, &s chomm in Fiz. le

Y N SR 1 - tT Wl
socictea withh the i cif

S

(6]
wn

& o exchangeable

guontity

2 totel soill mone end

liese

the l1lacieccce in tetel soil

tnzre wes 1le

6]

S
in soil number <
ocf tote

e

o’ the unaveilable
cc.iaitions revor

a (40)

Lrn.oLaesse anc celeium ions
¢ o srecipitotion thz

LT R
c ImAlCXNLde Vhilen may

voes
PRSI

Letweecn totcol men.c.aecse

(=P ORV]

ce, <01l namb

coil minisauie

percentols of tctec

T Q
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nervestad

even thoug
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rel:stionsiniy, novwever, is influenced by p.a, £ince tie

Tq oy Dy P R R Y a- R
exchonreclle men znese cvaliicslble for _loat uee wes

In & gencrel wey the dato ncve shiovil thet tae ecsily
reducitle meincnegs lncrzeccd as ths enchan. cckle mon wicce
decrecsed with increccseu celcium carbtonate g plicaticns
&.nQ D.i

From the results obtcined €ll of tu:z coils ned

(]

sufficient totzl mencanesse to sapply edeguate cwounte of
exchens2ctle menrenese if the pd velues viere nulintelned

et stroun:ly ecid conditions, hovevar, such & coll reccticn
would n-t te iaducive to -~ood zlast crowta.  Ldditions of
culfue to ellicline mucis hove peruenently lowered the pa
e:d increcsed the cveillebility of mensenszse _rocsent in
tne uncveileble condition, menccnic mengansse.

It hes been shovn (14) thet ia elizeline coil et

&)

ot

lezest & zonem. 0 execneanoectle rmengsn-ce mast pies.n

ct

L2
for saticfcctery croy producticn. Irom these dete is
obszrved tiat the excnonzsckle oI LnIonCUS Mo cniese
becones ceficient (less 3 pop.me) et epproxivotely 0 D.B.
AS the pad was iucrecced terond thie point the peogeme of
exXchenseakle mon, cacce 1ell off reicdly.

- -~
In every case thac totel monconese wes fouaw to ce
Screctast 1o the leeves of the (loate. The retio of wmene-

nese in thase l_cves to thet of the talls wes cooroxinctely



1C0:1 &t the lower p.d veluzs fer goils 1, 2 axdd 4 as conpared
tc 211 &t ths allaer oo velues for scils 1, &, 4 cnd C.
t

Thils showe toet nest of the mengsinese 1o trinelocited to tae

-

dent wasre it probelbly cide in c:loro iyl

d

(i)

rom the auclyticel cate of tihe onicn tissue hervest
from the non-limed trectusut cf soill mamber 1, pil 3.6, it
hos beelr shown thct ircn and eluaminum were precent in such
guentitics ce to be toxic to the plant. Thas eddition of
two tone off celciunm carbonate to soil number 1 decreeced

o

the cmounts of iron cna slwninwn in the slent tissue, as
& )

suovir in Tetle 2, ena the eubea;uent onilon yilells vwere

P

inercrees from 38 glrrre to 118 srews respectivelvy. Crist (3)
end erdenburg (19) found thet applications of lime greutly
reauced thne inteke ol iron ciad alumiinam by the glent. From
the resulte obtained, mangeilese does not eppeer to be the
toxic micro-nutrieut elewment siuce it was actually presecut

in smaller guantities in tae pleut Lefore tie cdaitlioa of
caicium carbonute then efterwards. The incirewed nengaulese
content suvseyuent to calciuin cerbonate additioun is couveice
to tiie otuer results obtained witn mencanese evellebility.

It 1s Inown, .aowever, that ail encess amount oi elumiauin

has caused & cecuction in tie ebsorption of all materials (L),
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The reduced yuantities of soluble aluminuu in tae soil af'ter
tine adaitlo. o celeiwn cawlbonete orrers a possivle expylane-
tion for the aifrerence in mangeauese concent oi' tiue lant
tissue Lelfore and after cealcium carbonate additioii.

Aluminum toxicity or a combined toxicity of aluminumn,
iron ana possivcly mengenese appears to account for the low
yields obteined from the unlimed treaticents of soil nunmbters
1l and 2 whicia had pd values of 4.6 and 3.7 respectively.

As snovn in Figures 4 cad £ the onion plents were dwarfed
and the roots produced few brancnas.

As showa from the deta ia Tevle 12 calcium carbonate
cigniricently increased tihe yielus of onions oa soils 1, £
and 3 (1% level) aad at the 5 per cent level between calciun
carbonete trectmeuts on soils 4 ana 5. The unlimed treat-
ment on soll number 5 gave cignificently nigher yielids
over tae liimed treatments aiud this wes the only soil taat
dia not respond to calcium carbonate addition. Soil nuuwber 5
was 82 per cent bace catureted betfore liming, agpareatly
increased edditions of calcium carvoncte decieased the
absorption ¢ tne micro-nutrient elements and espescislly
nangenese as s.0o0val in Teble 8.

Although there was no direct correl:tion between
the 7ield of onion tulbs and meu enese content tnere

appeered to be & definite trend in this direction.
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hith the exceptica of the unlimed tresatuents (check
trectments) of soils 1 and £ the heevily limed treatnments
geve tiae lowest yilelds end tiaey &lso countadiled tihe lowest
euiounts oIl meilfeacsse; however, come or tae trectmeats taat

&ilso gave niga ylelds contained low emounts of mensanese.

fe—

Resulite heave shown, Teble 29, thit tas hilsaest
lelae for tae rive solls were obtalned between uil 4.20
ena 2.3 and the ogtimun pid asorosimated 5.0. Thae mangenece
conteat ia the onion bulbs obtainmed fruw tie soils witn the
nigacst yielcs renced vetween 22 and S0 pepelle

The deta have suowia tact it is im.orteat to recognize
not only tne Lenel'iciel effects of celcium, epplizd in the
form of lime (calciunm carbonate) in optimmum emounts but
elso poesible detrilineutel effectes associated witih overliming.
winile tae need ror lime 1is recconized as e recomieaced soil
managemsat practice, tne addition of excessive emounts of
lime to & so0il shoalid be avoided in order to prevent tae
inducing of certein micro-nutrient element deficiencies,

notably mengenece,



SULLARY

This study was inctituted to determine the effects
of celcium carbonate addition on the manganese status of
five acid orgenic soils and to iavestigate a number of
factors tnet might be associated with the causes of
veriction on the resoonse ol difrerent acid orsenic
soils to lime epplications.

Five organic soiles of varyiaz acidity were obteined
from aifferent locations in ilichigen. The soils were dried
to an apparent optimum moisture content ana eaci soil was
sieved througn a 1/4 inch screen. Deteruinstions of piH
were made on dupliccte sampies at a previoucsly determined
moisture content by the glass electrode method. Lire was
added to the soil in 2 ton increments resulting ia soil
treztunents veryving from 2 to 12 tons ger acre. Eaca treat-
ment was replicuted turee times. An unlimed trectment was
included in each cese.

A basic trestment of 2,000 pounds of 3-9-18 fertilizer
and 1CO poundes of copper sulfate per acre was added to all
tie treatments of the five coils.

On January 13, 1851, the jars were seeded 3/4 to

1 inch deep with Brigham's Yellow Globe, a nedium meturing
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variety of onions. The onions were harvested on June 21,
1951. Air dry welghts of the tops and btulos were recorded.

The untreated coils were canemicelly enelyzed for
the following counstituents: Exchaangesble calcium, magnesiunm,
potassiuu, codiunm, menganese and icron, ana totel iron,
eluminwn and pangenese. In addition the following properties
were deteriined: pn, exciauigseable hydrogen, toteal exchange
capecity, exchneilgeable cations ana per cent base saturetion.
Tae lime requirement for eazch soil was determined. Exchange-
able and easily reducitle manganecse end pid were determined
on the soils after treatment with calcium carbonate and
following tne harvesting of the onions.

V Total meanganese determinatiouns wel'e waae on Oven-
aried tissue frowm tiae tops end the tulbs of the onions.

The followins observations were mede from the
investigction:

1. The per cent bease saturction and total exchcise
capecity are pernaps better criteria than the pH value for
estimeting lime needs on the orzenic soils investigeated.

£. Perceantege tase saturation was founa to be
closely reluatea to the excinangeable celcium content of
tne soilse.

b. The yields of the unlimed treatueits increased
with increaced excnengeable celcium up to the poiant wacre

additional celciwm inhibited increcssed yielas.
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4. The exchengeable manganese decreased in the five

organic soils with increased celcium caibonate applicetions

5. There was a pceitive reletionshiy, betwieen excheage-
able mensenese ena totel menganese in tae coil in stronzly
acld couditions, aowever, this relaticnship did not .0ld
at nigner pd values.

6. Taere was some indicetion of relatic.ship between
total menganese in the plent tissue and total mangeaiese in
the soil, however, tails relcticasnipy was in pert dependedt
on tne amount of exchangeable menganese piecent in the soil
wnich vearied witn pil.

7. I a general wagy the easily reducible mengenese
increased as tile exchaigeeble menceancse decreased with
increcseu celcium carbonete applications.

6. A1l five soiles hed sufricisnt totel mengcanece
to supply edegueate amounts for good polaat growth, but
wiluer & coutinuous cropplig systen additionsl mangéenese
would ve reguired.

9. In every cese the total mancencse wes round to
be grectest in the leaves ol tae plents.

10. &t inteasely acid pid veaiues (6.0-3.9), tihe iron
and gluminuu were present ia tie plant tissue in sui'ficient

enounts to te toxic to the plents.
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11. The edéition of calcium cerbonate decreesed
the amounts of iron and eluminum in the plent tissue.

12. A high significance betweeiu trewtueuts was
obtained witn addition of calcium carboancte on soils 1,
2 and ¢ witin pH values cf %.6, 9.7 end 4.0 respectively.
It was not advuentageous to lime soils 4 and © wnlcihh hed
pi vaiues of 4.9 waa £.0 respectively.

13. Altnouzh there was no direct correlution
between the yicla of onion bulbs and men.eanese conteut
tnere appeased to be a definite trend in this direction.

1l4. The nighest yields for the five soils were
cbtained between pH 4.2 and 5.3 and the optimum pd
ayproximetes 5.0. The mengaiese content of the onion
bultes wiailca zave the highcst rields raaced between 22 end

€0 p.p.m.
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