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IJlRQDUCTICn

The in:01tence of an adenuste supply of calcium in

rganic soils has lone been reco;nized as essential for

'ields. Lowever, specific informativn regard-

ing rates of epolicetion of calcium reguired to bring about

Optimum conditions in acid organic soils is limited.

It is imoortant to recognize not only the beneficial

5

effects of cmcium, welied in the form of lime (calcium

carbonate) in Optimum amounts but also gossible detrimental

effects associated with overliming.

Soil reaction (pH) is gene ally considered as a

precticel measure oi the lime neeis oi an organic soil.

It has been observed, however, that creps growing on organic

soils with similar soil reaction vary in the degree of

eSponse irom line aoultcationt. In extreme cases fair

crops of onions have been piodiced on soils with a l w pH

and on other organic soils with the same p3 a crop failure

would r Silt. Soil reaction, therefore, does not appear in

all cases, to be the only criterion by which the lime require-

ment of an organic soil 0&1 be base

Wnile tne need for line is re00311ized as a recommended

soil mareer“nt practice, the addition of excessive amounts

of lime to a soil SM1uld Le avoided in order to grevent tne

inducing of certain micro-nutrient mln1ent delician~s,



notably manganese. manganese, iron and aluminum availabilities

are highest in the soil reaction range from intensely acid

(pH 5.0 - 5.9) to strongly acid (pi 4.6 to 5.1).

It is imoortant that these micro-nutrient elements are

in Optinum amounts in the soil, thus preventing a deficiency

U
)

(
I
)' 71 .2: .

‘Jwhen too little is present or a toxicity when they are oi vrt

d O Oin excess. The former condition commonly occurs on soils

heavily limed, Whereas the latter condition freguently arises

when the soils are too acid and in need of lime.

The followine studv was instituted to investi ate a
b v C:

umber of factors that might be associated with the causes

0? variation in the response of different acid organic soils.5.

to lime agplications.
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acts t1e L"D§er‘lcS o1 szhulc soils nave

la (37).1
.
1
.

been resorted to be similar to tntse oi mineral so

Organic soils tossess, as do mineral soils, the prooerty of

ionic exchin;e (19, 24). The difference is one or degree,

peat soils containing more aosorbed cations than do mineral

15 inb1eren differences weret
l
.

found between tdese soi s. Beat soils, contai1ing compara-

‘ ceflgxhnn were 0: e111011<iist11ctl

acid in characts” (33), diffe1i1: in this resoect Iron

soils.

Nilson and Staker (57), investigatin the ionic eX1an.e

of peat scils found hat organic soils ‘iffered quite widely

‘le hydr0¢en, had a high absorptive

1acitv for cations and to contain large amounts of “eglaceaele

cations in congarison with the a1ounts usually found in mineral

soils. An inverse correlation was observed between the degree

of acicity a11 r

(
D1leceable catiins. Little relationsnip

between the tot;1 ex1161158 catacity and 1-3.1 was iound to exis

and e::x:u11;e ca;ecity :as rnnzxmacessarily azihtnstion of the

:Xi (1.).

1

riulrily to bring ctlcium into the clay humus fraction of
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the soil (lime absorption) a1d theieb37 increase the amount of

alci um oer 100 parts of humus and the de5ree of case saturation.
L

5_ structure and soil reaction also.
_
J

(
0

O (
.
1

_
J

beneficial changes i“D

resulted. Line not adsorbed either remained in the carbonate

fort or was regidly transformed into this form.

hiss1nk (lo) workin5 with lime additions on or5anic

1

oils found {1 relationshio betw e11 the three values: pm, the(
0

"I

de5ree 01 satu1ation of t1e base exc1an5e cornJex and

milligramequivalents of bases present.

Jilson and Sta“er (37) and Gedroiz (l0) have gointed

out that calcium is the predominant exchan5eable cation on

the base exc1%1a com‘MlX.

Ge1roiz (10) 1ep01ted t.nt the order of relative ma5ni-

tude of the proeortions in which cations occur in most soils

is Ca, K5, K and Na, accordin5 to the decreesir15 ener5y of

aosorption. It has been shown (5, 7, 25) that an excessive

concentration 01 calcium i015 tends to decrease the absorption

of other nutrient ions

Moser 25) studyi15 the calcium nutrition of plants at

vaiious oH levels oelO1 neut1ality found 5ood correlation of

plant growth with calcium concentratio:. With three types

of ulants, sorbeans, lesseieza and sor5hum, it was found

the pH was a minor factor in comgarison to the suoply of

available calcium. Incr1asin5 the suply of available calcium
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resulted in increases in plant growth and the absorption of

the other nutrient elements.

Davis and Brewer (5) pointed out that comgaratively

large quantities of calcium are essential to glant growth.

They found that normal absorption of other ions aepended on

a certain minimal 1uantity of calcium ions, the amount vary-

ing with the plant studied.

Harmer (l4) stated tth the annual harvesting of good

yields of crops from muck Lnd resulted in the gradual removal

of ccLr“rxeratle LLKXMICS of lira; Mll'tle for: of ml iina and

meanes:Lum compounds in those crOps. If the muck was well

supglied with lime, this removal had little or no effect on

the on or the productivity of the soil. lost crops will grow

mortali; ~.ith piooe fertilization with the muck soil reaction

down as low as 4.6. however, he stated the range in adaptable

muck soil reaction for onions was between 5.0 and 6.6.

Davis (4) has used lime at the ratio or 4 to lo tons

per acre to correct extreme conditions of acidity. He stated

that the amount used depended upon the acidity and type of

conszioeied a pn of 5.0 to 6.0 as ideal for most

crogs that woqld be grown on muck soils, with the exception

{
D01 cranberries and clubberiioo. He “so iouid t1at the pl

of the muck is in part correlated with micro-nutrient element

HGEQSo
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Pierre $11 Allaway (25 mentioned that a decrease in

solubility of manganese and iron may occur as the hydrogen

ion concentration of the soil decreases, but it is difficult

to distinguish between an unavailable form resulting from

reaction a11d inability of the plant to utilize them as a

'1

result 0: excess calcium in the pl ant. Piper (27) has shown

that the solubility of manganese is intimately controlled by

the soil reaction and by the oxidation-reduction equilibrium.

8&1rman and Earner (oi)b ave shown that neutral and

alkaline conditions favor the formation oi ma5a1ic manganese

and acid conditions of mzfl1anous man5anese. Strong reducing

a5ents are capable of reversing the oxidative equilibrium.

In general, as the nan5anous ion decreases in the soil, the

easily reducible KnOQ increases and, as the “a 5anous ion

increases, KnOg decreases. They have stated that in alkaline

soils at least 3 p.p.m. of exchangeable manganese must be

present for satisiactory crop production. In order to main—

tain an adequate level of the exchan5eable fraction this must

be supplemented by at least 103 p.p.m. of easily reducible

11131115: a :11? S e o

Kann (18) studied the effect of additions of calcium

and mangesium ca1bo1ates on the water solubility of manganese

in two acid soils. He found that the solubility of manganese

was rapidly decreased by both carbonates as the soil reaction
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became less acid and only a trace of water soluble mansanese
5.4

'T

was detected at pd 7.0. :e also found that increasing

dressings of the carbonates of calcium and ma5nesium steadily

decreased the amount of man5anese in the crop until near

neutrality the plant exhibited typical symptoms of man5anese

deficiency.

Lynd and Turk (17) found that lime proved highly

beneficial to crOp growth, but definite injury occurred

when the lime requirement of the soil was exceeded. They

found that a marked decrease in exchan5eable manganese in

the soil resulted from increased rates of lime.

Funchess (9) observed that applications of lime to

acid soils decreased the amount of replaceable man5anese.

The lime-induced chlorosis reported by Gilbert, thean and

Hardin (ll) was accompanied by a low manganese content of

plants growing on limed soils, as compared with those

growing on more acid soils. Harmer (14) stated, however,

3 V ‘ V

that althou5h it is true that those mucas wnico show a need

for manganese generally have a fairly high pH, occasionally

alkaline mucks do not require manganese. Russell (52)

stated that soils on which manganese deficiency exists are

generally reclaimed peats rich in orga1ic matter and made

alkaline by lime.
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Davis (4) found when the pH of the soil reacued 6.5 or

above, mani1ne e in the form of manxcnese sulfate, was required

by a number of crOps, such as onions, celery, Spearmint,

lettuce, table beets, potatoes, carrots, peas, beans, sudan

grass and oats.

The work of Prince and Toth (50) revealed that exchange-

able manganese decreased with increasing lime application and

on. The: bas ed this difference in exchangeable manganese due

to the exchange between the adsorbed manawnee and calcium

ions in the solution. The result is a precipitation of the

forner cation as insoluble man:anese hydroxide which may be

oxidized to MnOg.

kchargue (20) reported that manganese in the slant is

connected with carbon assimilation, and in this resgect the

higher concentration of nananes e in the leav and the lower

concentrations in the roots of various slants is interesting.

Remington and shiver (31), in examining a number of different

vege ables found from three to eight times as much manganese

in the leafy parts as in the roots.

The availability of mansr105c and iron are affected

in much the same manner, but as shoown by the work of Willis

and Carrero (39 the solubility of iron and the amount avail-

able to plants cannot be ta“en as a certain determinant of

the efficiency of iron.
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Hahn (l8) working with soyleans grown on heavily

limed soils also concluded that the solubility of iron and

-.

manga‘wee in soils the iron and manganese contained in

1

plants and the chlorotic plants that resulted is not

associated with a deficiency f iron, but is Specifically

due to a deficiency of manganese.

Although apparently not as common an occurrence as

W

aluminum toxicity, manganese toxicity nas been reported by

a number of investigators. Jacobson and Swanback (16)

state‘ that a definite correlation was established between

reaction of the soil and manganese content of the plant

materia s, viz., the higher the acidity, the greater the

yercentage of manganese found in the plant materrial, until

a toxic amount resulted. Blair and Prince (1) found with

slight exception, the manganese content of the crOp decreased

as the amount of lime aoplied to the soil inCiWeaed. Emmert

(5 ) increased the manganese content of lettuce by adding

sulfuric acid to the soil and obtained a chlorosis and

reduced growth which be attributed to mangan se toxicity.

The occurrence of soluble man anese in an acid soil may be

one of the causes of toxicity in such soils as exhibit toxic

effects according to Echargue (El).

Hareel (14) has also shown that the addition of sulfur

to alkaline nuchs is oxidized to form sulfuric acid in the
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soil which permemnently lowers the pH and increases the avail-

ability of the phosyhate, man;anese and boron corgounds

pressznt in an unavailable condition in the alkaline muck.

Host of the evidence as to what causes the injurious

(
0

effects of acid soil on glants supports the View that it i

88 €110 .111(
1
"

due to toxic amoints of soluble aluminum or angsn

some cases to a combined ef‘

he.'ever, aluminum has been found to be the toxic principle

(22, 2.9).

Grist (3) found that a,olicetions of lime area ly

reduced the intake of iron and auminum by the plant.

Hardenburg (15) reported that there is some indication that

the iron and aluminum in lettuce tissue decreasad Iith

increasing pH values of the soil.

Truog (36) concluued the main harmful influence of

soil acidity on certain plants is due to its influence in

nlants from getting, at a suffic1ently.L‘preventing these

he albeiete or bi-carbonate.-
.

rapid rate, the calcium as t

Calcium is n>eed to neutrali and precipitate certain

acids in the plants th rselves, which ale grobsbly largely(
7
)

by-products, produced as a sult of certain vital leections

. Ii calcium in these forms is(
O

in the growth of the plant

{I I.

not furnished at a SUlll iently rapid rate, then the rate of0

these reactions is loweredCCOiQLb-'v as is also the rate

of plant growth.

iect of the two. In most instances



Five acid organic soils were obtained from the

following locations in Lichigsn during October and November,

1350, from the unper 3 inches of the soil profile.

Soil hunter 1 Trebish Farm, Livingston County

2 - Anderson Farm, Lapee" County

3 - Vicinity of Capitol Airport, Ingham County

4 - Schoenfeld Farm, napeer County

5 - fiorton Farm, Clinton County

The soils were dried to an apparent Optimum moisture

content and each soil was sieved through a 1/4 inch screen.

The soil was unifornly mixed and a ten-gram samgle of each

soil was dried over night at 1150 C. tocietermine the

moisture content.

Determinations of pH were made on duplicate sangles

at the previously determined moisture percentages by the

glass electrode method.

Lime was added to the soil in two-ton increments

resulting in soil treatments varying from S to 12 tons per

acre. Each treatment was reglicated three times. in

unlined treatment was included in each case.

A basic treatment of 2000 pounds of 5-9-18 fertilizer

and 100 pounds of c0pper sulfate per acre was added to all

the treatments of the five soils.
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The addition of c0p9er to organic soils with a pH of

6.5 or lov.eer is very imROLtant for Faxirim crOp production

of a number crOps. Besides resultin5 in increased yields to

many crops, it has been reycrted to improve the color and

quality of onions, cazrots, lettuce and spinach (14).

The soil, lime, iertilizer and c0pger sulfate were

thorou5hly mixed and placed in one gallon jars.

On January 19, 1951, the jars were seeded 5/4 to

1 inch deep with Erigham's Yellow Globe, a medium matU'in

variety of onions.

Prior to seeding, the seeds were treated with "Arasan"

to prevent damage from soil borne organisms.

The onions in each pot Jere thinned to four onions

The soils were main ained at optimum moisture conditions

by ueriodically b1715in2 the jars up to weight with distilled

water. Notes were recorded and i}hOtOg;rephs taken of the

plants to show the difierences that develok‘ed.

The onions were harvested on June 21, 1951. Air dry

weights of the toys and bulbs were recorded.

The untreated soils were chemically analyzed for the

following constituents: Exchangeable calcium, mag5nesium,

potassium, sodium, man5anese and iron, and total iron,

aluminum and man5Janese. In addition the following Jroperties
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were determined: pd, exchangeable hydrogen, total exchan5e

capacity, exchan5eable cations (total bases) and per cent

base saturation.

The lime requirement for each soil was determined.

Exchangeable and easily reducible manganese and pH

were determined on the soils "fter treatment with calcium

carbonate and following the harvestin5 of the onions.

Total manganese determinations were made on oven-

dried tissue from the tOps and the bulbs of the onions to

investigate the relationship of the amount of man5anese

present in the plants and the amount available to the plants

at the various soil reactions obtained after limin5; and to

see what effect, if any, this had on the growth and yield
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KLTHCDS OF CHEEICAL ANALYSIS

Ease Exchange Capacity5Determiiation (55)

Place 5 grars of air dry soil in a 300 ml. flash and

add 250 ml. of ieutre. N ammonium acetate solution. Shake

at intervals from 1/2 hour to 1 hour, and then pour into a

funnel fitted with a number 48 filter paper. Allow to

drain; then leach with an additional 100 m1. of 0.1 N

ammonium acetate. After the soil in the funnel has finished

draining leach the soil slowly with 200 ml. of 10 per cent

NaCl.

Place the salt filtrate in a Kjeldahl flash, add

20 ml. of 2 N NaOH and distill into 50 ml. of 4 per cent

boric acid solution. Titrate distillate with 0.1 N HCl

using brome cresol green as the indicator.

Note: After the soil has been leached with 0.1 N

ammonium acetate solution, it must be washed with an in-

definite amount of distilled water and 85 to 90 per cent

ethyl alcohol until all the occluded ammonia has been

removed. To check for absence of ammonia add 1 drOp of

Nessler's reagent to 3 drOps of the leachate. Compare the

color obtained against a color chart for ammonia. A very

pale yellow color indicates approximately 1 par per million

of ammonia present.



Determi:atiozx of Total Eases (a)

Extract the soil by the 5me procedure used in the

determination of the base exc‘11ance cspacitV.

Collect the filtrate and evaporate to dryness on a

hot plate. Transfer the residue to a orcelain evboretihb

dish and gently ignite over a meeker burner for a few minutes

and then at full red heat for 10 minutes. After cooling,

add a calculated excess of 0.2 N HCl, warm the solution and

rub the bottom of the dish with a rubber ooliceman. Add

5 drone of mtllyl red indicator. The solution should be red.

Back titrate with 0.1 N HaCH. Calculate the milliequivalents

of soil b.ses per 100 g'ams of soil.C
O

{
T
l

Per cent ese Ca ture ion
 

From the base exchange cagacity and total has

determinations the per cent base 9tiration may be deter:lined

in the following manner:

e1 bases

Exchan;e Capacity x 100 = per cent base saturation

 

:5h
’

-

(
D

Excnangeaole Liyd;cten 

From the base exchange capacity and the total base

determinations of a soil, the exchangeable hydrogen may be

calcm11ted in the following manner:

Ease Exchange Cagacity - total bases = Exchaigeable

hydrogen
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The_Determination of Calcium, Sodium and Potassiumgby the

 

Flame Photometer (35) 

f

Preparation of Solution A

Extract the soil by the same procedure used in the

determination of the base exchange capacity.

Collect the filtrate and evaporate nearl3 to dryness.

Pour into alCO ml. volumetric flasr. Cool, dilute to

100ml. and label as solution A.

Pipette 50 ml. of solution A into a lOC ml. volumetric

flask, add 10 ml. of 250 p.b.m. lithium chloride solution,

and dilute to 100 ml. The solution is now ready for he

determination of calcium, sodium and potassium.

Calcium

Warm up the flame photometer using the blue photocell

for at least one-half hour grior to its use. Locate the

position of the calcium line on the wave length scale with

a solution containing 60 p.p.m. calcium in the form of

aClB.2HgC. With the location established, reset the

nac1ine for the indirect method of determinatic,r', using

85 p.p.m. lithium in the form of the chloride as the internal

standard. Set the 60 p.p.m. calcium solution containii'

25 9.9.m. lithium at 100 and chec one 3 int on the curve

to be sure that the machine is working saoisf-actorily.

A

A 30 p.p.m. calcium solution should read 50 scale divisions
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when the 60 p.p.m. calc iurJ solution is set at 100. Pour

unknowns in the funnel of the flame photometer and record

scale readings.

30Clum

5

Locate the position of the s ooium line on th wa—ve(
D

length scale using a solution containing 20 p.p.r. sodium

in the form of sodium chloride. with the location established

set the machine for the indirect method of determination

using 25 p.p.m. lithium as the internal standard. Set the

CO p.g.m. souium solution containing 25 g.p.m. lithium at

100, and c‘;1ec one ,oint on the curve. A lO-p.p.m. sodium

scale divisions when the SO p.p.m..
.
_
1

U
)

[
.
3

O f
.

C
;

'
7
'

{
.
3

r
4

(
‘
1

‘
D

solutioi

sodium solution is set at 100. Pour unknowns into the

C.‘
u.funnel of the flame photometer and record scale read'n:

Read p.p.m. Sodium from curve.

71.. '

:o aSSium

Remove the blue ghotocell from the photometer and

1 W I.

alace with thx: red giot oceil. Loo;te the JOSitiOH oi thel

‘ - J.

. ”x ‘ .. e 1,_.,..3..'..‘. “1A ..' ‘. “1.4.:

gotas sium 111: on tie N&Vu luaubfl scale Lita a solxtion of,
_
.

n ’ V‘ firm a 4 '. “ A ' n 1 ,-~ (- “.fi! 4 1‘. '0. ‘

6o o.o.m. outassium in the form oi thdSSl’U cnlOLioe.

With the locatf established reset the instrument fort
.

O ,
.
'

1 - ',-,“ '-,.~ -,.-. 1..“ u ‘.\4. , .. .' , - .f . . n", .. -.

tile: Ahlli‘dct lbdtlou OJ. (1*; bel111£-LilC.t.LOll, \.1S.gllo (L); 1",. 3.17..

lithium in the form of the chloride as the internal standard.

Set the cG—3..p.m. potassium solution containing 23 y.f.m.
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lithium at 10C, and check one point on the curve. A 50~p.o.m.

potassium solution read a' scale divisions when the 60-p.9.m.

K solution '8 set at 1C0. Pour unknowns into the funnel of

the flame photometer and record scale reading GPA r) "..‘.T‘..‘ db.“ L . ‘5.» a“

from the standard curve.

Determination of 1:;neoium (E )
 

(
D

In this method for the determination of matn sium,

it "as found that a lO ml. aliau1ot of the samole and lO
0 0 F
a

v
—
J

(
D

(
'
l

t (
1
'

*
3

o (
”
f

P O k
.
1

H 0 F
t

of sodium hydroxide Wi.th a 200 grams per

liter, proved best ior Lagnesium determinations on the

org"ic soils used in this study.

Since these soils are not garticu arly high in

magnesium, a smaller a iuot than 10 ml. did not contain

sufficient magnesium to get an accxrate test with Thiezol

Yellow. 10 ml. of sodium hydroxide with a conceimt':tion

of 800 crane per litre was also required rather than a

concentration of 100 grams oer litre in order that the

required volume could be maintained and tint the color

could be developed.

The procedure outlined by Drosdoff and hearpass (6)

was followed with the above modifications.



Weigh a 2-5 -ram sen 1e into an ignition crucible.

Ignite over night at ECO to 6000 C. Add 3-5 cc. of

1..

to the ash ani boil for 1 minute. Add

(
D

'
1

about 1" ml. of 1-vate: and filter. Lash “xvi h hot not

until it is free from nitrates (tcs filtrate with

diphenylamine).

Evaporate the filt‘ate to a volume of 10- 40 cc.,

them add l cc. 1305, 10 dro)5 of H3;O4 an 2-5 drogs of

H530; (helos t1e color to develoofaster), and 1 cc. of

periodic acid solution (30 5*ams per 130 cc. of water).

neat until tle iull color devoloos, then transier

to a volumetric f ask and leJ5 11 to voli (usually 1C"l cc.).

Read the tor cent trancu135ion 14 a photolomece“ or )1oto-

electric colorimeter, using filters 401 and 39: in combi-

nation for the inotolonter and for tne ohotoelectric

co‘OIiI-ter a filter 01 too mu (millimicrvns ) wave length

fo: color combarison.

7" . .. ‘_ .. '1

F4 if mm, C '11 _‘\“ (“a .' C l to) I r~ ,1 w- (T .. (-3 Q ,3 . . fl

HJL‘J $(Al ;.-- ‘,._,, _, L--(_-'..L.}(_,_1..~., six, '4 

Add 250 m1. of neutral normal um.oo1um acetate

solution to flask contai1ning the soil. Shake frequently

and filter. deturn so._l to oriinal flask for extraction

with ammonium acetate-hydroquinone solution. Evagorate

the filtrate to dryness and ignite over an open flame
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Dissolve the residue in dilute H303 and determine an,1ncsc

by the 16110date met1od.

Essilv-Reducible Ianganese Dioxide (34)

Add 250 ml. of neutro normal ammonium acetate

solutioon containing 0.253 hydTOQUiHOflfi to flash containing

soil from which e1c1a12eaol1 .nng1ese has been remove'

(:11 1»- 1
111-11411: 001113;;ts of flJa<sl;s frequerdflgfenmi filtei'i411fi1e same

te111ns ion of excheneable manganese.(
T
)‘4» ,3

tLlL‘j UH

'3
- . 1 \f’ 1 " ‘

I'L'cJini as .L O

(
ULid 10 ml. (1-1) of HQCO4Em1i l0 to 20 ml. of concen rat d

EROS to filtrate and evaporate to dryness b

vigorouslv. The 3105 must be in excess so that, when liquid

agproacnes Frrness, it will foam, due to escaping nitrogen

ttering. It i essential that(
.
1
)

onldes and thus grevsnt s 6
*

all hydquuinone be destroyed. Residue after evagoration

should he a t1enslucent mass. Dissolve residue in 25 to

50 ml. (1-4) of thC; and de tormine mananese as previously

described.

 

‘1

Iron is deter11111ed co1orirxtr1cally as tncierrcis

ortho-phenanthroline comglex. For tne determfnation of

exc11111:eatle iron the soil is extracted with the ::e
\4

f
D o

amount and cmcentrstior oi" {11311TLOllilli'n acetate tT1a7.1za.s been

previous1y described, and evaporated nearly to dryness on



a hot plate. Nash into a 25 ml. volumetric flask, add 0.5 ml.

5 per cent solution of byuroxylamine hydrocnloride and 1 ml.

0.20 oer cent solution ortho-phenanthroline in 25 per cent

alcohol. Lix and ad* a 60 per cent ammonium acetate solution

to obtain comrlete color develooment. Dilute to volume.

Prepare a set or standards simultaneously and read on a

photoelectric cclorimeter, using a filter of 530 mu wave

length for color com>arison. The color should be read

within 1 hour after its develogmcnt.

T tal Iron and Aluminum (26)
 

Ignite a 2-5 gram samgle ia an ignition crucible at

500-6000 C. over night.

Dissolve asn in 3-5 cc. of HHOs and dilute to a

volume of 250 cc. If the extract is known to be low in

phosyhorus add about 0.5 gram of (N14)2 HP04 before making

the dilution.

Add a few drops of thymol blue and then NH4OH until

the solution just turns yellow. Run in 0.5 ml. of concentrated

HO and follow with 25 m . of 25; ammonium acetate solution

and stir. Let stard at room temgerature until precipitate

settles (about 1 hour). Filter and wash 10 times :itb not

05 solution. Ignite and weigh as iron and

aluminum phOSphate.



QC“-

Pipette a 50 ml. aliquot from the original 25' ml.

into a 200 ml. beaker and evaporate to a volume of approxi-

mately 20 ml. Oxidize the ir n by adding KLn04 (l +' 1030

until a very faint permanganate color persists. Add 5 ml.

of 10 per cent 334CK3 solution and titrate With dilute

iClg solution to dis a)pe rance of red color. This Will

“ ive the amount of iron present.

Convert this amount of iron to FeP04 and subtract it

from the total amount of FePOl and AlP04 obtained on ibnition,

precipitation and weinin;; this will give the amount of

anO4 present. both iron and aluminum phos ate C‘q be

converted to per cent iron and aluminum by Specified factors.

Edge Requirement Determination (41)

A buffered solution of the following composition was

Pprepared: are nitrophenol, 8 grams; calcium acetate

40 grams; and sodium hydroxide, 1.2 g'ams. The mixture

.as made up to 1 liter With distilled water. The pd of the

resulting solution was then adjusted to 7 at 250 C. With a

few drogs of dilute 301 or pellets of NaOH as required.

T‘JEWIt’ cubic centimeter of the buffered solutionU
)

to a measured 2 gra.awere adde :
3

samgle of 40 mesh air- dried

soil in a 50 cc. g ass beaker. The mix ure was shaken

gently and let stand 30 minutes prior to reading th: pH

with a glass electrod
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Organic latter and Total Ash

A 5 gram sample of soil is weighed into a weighed flat

bottomed dish of about 40 cc. capacity (platinum or fused

silica) which has previously been ignited. The dish With

sample is then placed in an electric muffle furnace and

slowly ignited at 500 to 6000 C. over night. Allow to cool

in a desiccator and Weigh. The loss in weight is due to the

loss of volatile constituents, which in peat and muck analysis

is taken as the content of organic matter. Calculate the

percentage of organic matter and total ash in the sample

correcting for moisture content in ese the sample taken

was not water-free.
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EXPERIMEnTAL assJLrs

Table 1. Some chemical characteristics of five acid organic

soils used in the investigation.

  

 

 

Lillieguivalents

Aper l00 grams of air dry soil

Total Per cent

Exchangeable exchange Exchangeable base

Soil 4pH hydrogen capacity cations saturatign
 

65.2 81.78 l6.6 20.56

2 5.7 62.5 50.4? 17.9 22.5
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As shown by the data in Table l, the five acid organic

soils differed quite widely in the content of exchangeable

hydrogen.

Each soil was found to possess a high absorptive ca-

pacity for cations and contained a large amount of replace-

able bases.

(
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J

r
‘
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c
f

5 (
D

:
3

L
.

A positive relationship was found to

milligramequivalents of bases ar‘ per cent base saturation.

An inverse correlation existed between the pH of the soils

and the milligramequivalents of ex hangeable hydrogen. As

indicated in Tables 1 and 2 percentage base saturation was

found to be closely related to the calcium content of the

soils.



KO relationsnio between on and total exchanne

capacity was noted.

 
 

 

 

Taole 2. '"changeabble cations and organic matter and ash

contents of five acid organic soils.

Per cent LZillieuivalents

Organic ner lOO grave of air dry soil

Soil matter Ash ._§a;w Lg K Ea kn Fe
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For each of the five soils calcium was found to be

the predominant exchangeable cation. In general, tne cations

appeared in the following order of decreasing magnitude ---

calcium, ma,nesium, sodium, potassium, iron and manganese.

T-e organic matter content varied from 95.2 oer cent

in soil number 2 to 67.6 per cent in soil number 5 and the

ash contents of these two soils were 6.8 per cent and 12.4

per cent restectively.

As shown in Table 2, soil nimber 5 contained the

larzest amount of excnrneable cations.
t.



I

{
0

O
)

I

cent total iron, alu::ninun and manganese in

five orjsiiic soils under invest gati on.

  

 

1 0.22 0.52 .0056

2 L.16 0.26 .0025

E)

.DO44L5

.43 4.70 .0115U
T

 

As indica'ed in Table 3, the order of magnitude in

which the above three elements occurred in the soils was

aluminum, iron and henanese. The percentages of the

id not vary to any marked degree between(
L

three ei-ma1ts

so-1s, with the excegtion 0 soil nunber 5 which contained

the largest alcunts of all three of the elements, and was

particularly hi;h in aluminum.

Table 4. Line redllemlft of th soils as deternined

by doodrtff's m

 

m . .- , -

101.13 AOL-‘1‘ 221C‘0."

e:il l s 4 5

 

Lime requirement 15.1 15.1 12.5 11.2 7.5

”-0..-

 

 

.VC: 5 run ‘ . - r —’

uoOo,ooC ;M‘UIGS per acre basis.

lime reuiremert is defined as the anount of line

rerqu-a to brira the soil to DB 7.
u L7
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of line TailliTEG to raise tz1e soil ph to 7, es calculated

1y Noodruff's lime requirer 1t nethod, eNd that Obtained

by actual liming. A negative COTTEthiUn ex1sted for

801 s 1 and 5.

Hit} the ex tiCn of coil Limber 1, all the sails

were raised to pi 7 with the edcition of 10 to 1: ans of

lime per cre.

It is evld3nt from data grese1ted in Table 5 that

soil number 1 had a greater buffer capacity than the other

soils. It has l‘een stated (;7) that the buffer caeacity

is closely related to soil reeetion are to both ash and

calcium content.

Table 6. The mananese s et‘s of the five organic soils

under inestigetion.

 

 

 

Perts_per million

Eas' v Inert

LXCnUn.1able reducible manganese Total

Soil 05 mena:nese rnge1ese oxides ha,;1;ese

l 5.6 25. 13.5 18.7 56.5

E; 3.7 505’ 307 ].'70(-DJ 25.0

5 4.0 5.7 2.5 20.5 26.5

4: 4:05 8‘07 A005 Ji‘.8 44.00

5 5.0 15.0 8.7 85.8 1 2.5

 

Tne manganons—me

soils is shown in the a

11

b

enic ecuiliorium oi the live orjanic

ove table. The exchangeabl



va1ied c01111e~sL1v in the five soils. Tnis was due to

00th the difference in the amounts of total 11n1a 1ese

th¢t each soil 1ossessed and also to t1e difie1e1ce in

soil reactions. 1ne nigh pi values fa ored the oxidation

of the available manganese to the unava'lzole manganic

form.

The amount of ea-i y reducible EC;1CCJCSB for each

of the five 01,1ric soils was relatively small, but was

hi,nes t in soil nur eis 1 and 5 wnicn also contained the

largest anounts of total man; an3se.

There was a 1elative1y small axlount of man\ganese

fixed as ine't Mnoa in soil number 1 due to its intensely

P.

. - ‘ "va 'V— ‘ TX wr' I;— ~ .. ' - -.ixtrr "n

aCid cna1acter. nonever, tne 1x;n (nese 1 tion has

consicera 13 are;te1 for soil numbers 5, 4 and 5.
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anese in too plant tissue

from soil numier 3 whicd contained less total and exchange-

sble meningese then soil number 4, is attributable to a

possible antagonistic effect of calcium since soil number 4

1 '1
r . -' - ‘ r “21, "v: ‘. zw rxmx. 1 ‘ "fl ‘f r” -' \r‘, ‘ " r“! f‘a".‘ "

COUtilueu Juqlly twl e tne anoint Oi eicnenlceols elviim.

mL‘lc 0. 'he effect of calcium cerbonete on the content

of total iron, aluminum, and }':1;;.nc';:—_..nes in the

ylbflt tissue from soil number 1.

  

Grams.

Tons of Cso03 Per cent Yielu of

oel_§cre LA :e Al in onion bulbs
“—5

 

 

O 3.6 .17 B.‘ .04 0.33

2 4.1 .03 0.5 .12 145.00

 

As shown from the data contained in Table 9, aluminum

C‘

a.)W (
D

present in the plant tissue in the largest amount both

before enl after the sddition of calcium carbonate. however,

\the yercentege or aluminum decreased considerably in th—

ent tissue as did the iron, after the calcium carbonate
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As shown froom -ables lO a1d l? a

S1gn11‘i.ca1ce has tmxn1 Obtained

numbers 1, 2 add 3 and significance at the

point for soil numbers 4

H F
.
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r
-
‘
J

0

The yield of onio11

shown in Table 12. The yield of

Innaber l was

cinm carbonate

the yield of

11a Vield of onion bulbs on 8

Were im1ceased With calcium carbonate

2 tons resoectively. The exchangeable nan

decreased in these soils uit1 increasee6

carbonate.

1

Tne p.p.m.

soils at mciimum Vields

for soils 1, 2, 3, 4 and 5 respectively.

It is shown from these data that

soil numbers l, Siznx1.d were obtained

of excnanjeable manjanese was orcsent

U
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resfiectively. as tut :4 increased to 4.3

hi;

between treatme1

the onion bulbs

iacreased'with the addition of calcium:

treatment.

oil numbers 2,

maximum

When 5.0 to 3.7

in the soil.

nmeels

and

1

‘ .n‘,‘ p

1ts 0: soil

5 per cent

polication is

On 5011

carbonate

Additional

onion bulbs. The

shown to decrease With

3 and 4

a.ddtions 01 :2", 4 and

. "'r‘l " 'r

:,'lt:-.1.‘JS 011

9.5.1n

331163 $1-1
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numbers 4 C
D " “ :7 2 ,, 1 . S-s . ‘ . ', “‘ 'I~ .” ‘2 (‘1

J'lu \—' tl’l~:: 1‘). t). 11.1. ‘31 EALCKILLJ-» \1- a;ltj 1.11-111 U..A‘é1 S 'J C‘s-L S O

I ‘ ~f -. > o a 1‘ . . .-1 ‘ ' .—. .— '~ 'u I ,-, ’n‘ l ‘ ’7‘ ‘ '.; ,' ~ ‘ '

increased and nax1mum yields Wale olcainec at o.1 and .c.o

P.y.m. of excnnreole manganese. t is ev1dent from tasse

'-I I‘- 7 1' .1 J— “ . _ “ " -2 A: ‘h‘ . > J. 1“: ‘ I; 71‘ J .

data tdeb nti1nin yields on 50115 01 an lLbzuSVlJ ac1d

Ht manga-

(
i
n
:

ncse than soils "1th 31 values less ficid in reaction.

From tnese data 4 to 5 o.p.m. of e"c1:1.able

H‘l;6;€59 appeared optimum in intensely acid soils to give

maximum yields; and 6 to ll 3.3.m. o: excnan

Wes Optimum if stron3ly acid conditio (o1 4.6 - 5.1) to

give WOVimum yields.

1Oures 4 to 8 show tne effect of increaSed calcium

carbonate addition on the onions of the five soils during

their Feriod of growth. A different growth curve has

obtained for eacn soil. 11th the exce3t101 or soil nunter 5,

all the soils resoundec to tne addition of calcium carbonate.

Tnese growth curves are reflected in f1;13e 5 showing the

relation between the yield of onion bulbs ‘Qd n5.

The bulbs decreaStd in size With increased calcium

carbonate addition after the Optimum amoxnt of calcium had

i
)

been reached. As shown in 113u1e 5 the highest fields w~'(
a
!

'
-
<

(
'
=

F
!

(
7
31.x -- ‘ "W A 3 1-.1|I\J- ~ , A ‘ -'\ ‘r it " r‘ 'q'- " ) ‘ fl .‘ ’-‘ r r . 'obtained between tag 91 range of 4.; to 5.3. blow Tdblc

-: -' , w 14- 1 -. -, ~ -- 1.. -, -.
1t 1s seen tnat a na11ec decrease in t13 p.3.1. 0: van, ncsc
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in the onion LulLs occurred as thc svjl p; a,groccl cd

neutrality and a deiin:ite manna :zs“ dcficicncy re ltsd.

This was c‘sch:d in th: celiy stages 0 10sth. The

igs c“ ‘hc giants ‘evclcccd s ligd yu‘lon cclox, liter

‘icc anc in sons casss fcll off. As sdctu in Ts‘lc 8

th: onion ylsnts tiat "cceivsi the 6, 8, 10 ans 2 ton

calci- carbonate t“cstmsn 8 contained vsrv ttle rs“ .

nss> -11; tl'lcl‘ bulbs. The szjsll “mounts oi 1:: n, nets? in

the cm'm bulbs ed tbs symgtoris that cccwrrcsd din its tiiwvr

early and late stages of growth indicated thtt c dcficicncy

of Uraniunec. was a. cent Lutin- factor tcz’.v'.';;rds the lcv

yields obtained frcm the heavier limed t1estrus“ .

Tscle 13. The oftimum pH valucs s wgicn tne ni¢hcst

yields WEht cbtgill3d frcr the 5 or;snic Efils

and the .33”... of mm1.11358 container" in the

fi .

Tons of

require

CA. .37 , ' ..

uLll tn reactio;

of total

686 in

bulbs

p.p.m.

Thy)”: “ v‘ ‘.’1

ilkyprl_ .L-

0

01" J (‘11o-.

 

l 5.0 8 38

2 4.23 8 53

3 5.3 4 25

4 5.0 2 89

5 4.9 O 50

2“There was little differs.nce in yield bet esn the 2 ton

and 4 ton calcium Carbonate tre stmcnts.
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Fig. 5-RELATIONSHIP BETWEEN YIELD OF

ONION BULBS AND pH
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DISCUCCIC‘I!

The cxIerIIcntal results I:res ehted have shown that

ythe g0 cle factors affecting the PQSECHSG of different

acid oranic soils to life agglicstion are numerous.

T11e lime reiilcmeyt as dete“rined bv noodru f's

method (il) agreed closely with the actual saIunt of

(
7
‘

L
.
1

.
J

T

C
}

f Hcalcium carbonate reguired to raisw V of soils 2, 5

and 4 to 7.0, but failed to correlate with soils 1 and 5.

This lack oI rel;ticn.ii was possib v due to the greater

buffer cagecities of these tw soils if the amount of

calcium carbonate that is required to bring the soils to

any hiuher pH value may be used as a measure of buffer

caiacity. High acidity and a low content of bases are

associated with high buffer capacities as measured with

The per cent base satu'ation and total exchange

capacity are yePthS better criteria tIan pH for estimating

.Cl leSd
.

lime needs on organic soils. The base exchah-e c;o
..

I

C} .L

m m

of the five organic soils used in this study did not vary
1

to any Laihto de .gree and thus it 1&5 possible to make m

good com;arison in their lime requirements.

The importance of Optimum base saturation was shown

by the yields obtained on the unlimed treatments of the

five organic soils.
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Percentage base satur~tiozI v.35 found to be closely

related to the calcium centsnt of the soils and it was

found (li5. 9) that tl'Ie yield obtained on the unlined

treatments were a function of th— milliaguivalents of

e“ hangeable calcium present. The yields increased with

iIcreas ed amounts of L"c1n‘eaole calcium up to the point

yields. Itwhere additional calcium inhibited increased

.e iuant:3tiest

's—I
has been pointed out (E) that cougaratively lar

of calcium are essential to glant growthsIId hat normal

absorption of other ions degended on a certain minimal

quantity of calcium ions. fiomever, from the results ob-

tained in this study and from the work of others (9, ll,

17,18, 50) the sedition of excessive amounts of calcium

to the soil have r.sulted in decreased availabilities of

many micro-nutrient elemerts esgecial y manganese and iron.

The man aIIese status of the five organic soils was

found to vary considerably as show by t'Ie data Presented

in Table 6. There was relatively small amounts of man3anese

fixed as inert oxides in soil 1, due to its intensely acid

character. However, the fi} ation of msncaiese :as consider-

ably hi5her for soils 4 and E. Inis resulted from a decrease

in acidity which favored the oxidation to the manganic form.

The amount of easily Ieducicle mazganese was relativelv

small in all soils but was hi5hest in soils l and 5 which

also contained the lar5est amounts of total manganese.



'9-L
5
!
)

The large”¢:1oum1t of exchan5eable and easilv

reducible man ansse in soils 1 and S accounted for the

greater Quantities of total manganese contained in the

onion tissue harv sted from these so-Lls.(
D

Sherwan (14) has stated that in any alkaline soil

at least 5 p.p.m. of exchan5eable manIIncse ImIst be gresent

for satisfactory crop prodduction and in order to maintain

ademiute level of the exchan5eable fraction this must

7

‘
1

y
-
J

O
”

(
D

supglemented by at least lOO p.I.m. of easily reducible

‘anese. In acid soils, however, the Optimum level of

eXCQQH"UCLlG ma_n5'anese can be much lower, with the amount

degendin5 on the agree of acidity.

From the data presented in Table 6 it was shown

that the total mn5aIIese for ev;ry soil with the exception

of soil 5 to be les (
0

than 100 p.p.m. and much of this was

Inres uIt in the inert form.

No manganese defci.ency existed in the olant tissue,

however, Where no calcium carbonate was agoliel. It agpears,

therefore, that sufficient manI5anes e was available to the

plant clthl’l tiere mas a small amount of easily reducible

maniaIsse in the soil. nith centinued crogging, however,

[I

‘A I r .1. "0 ~ ‘. -"_‘ \ ‘1' ’~‘ ‘ ‘, ‘ fl ,‘1' ‘5‘. a“ j '\ " " 9"".

this small Iesrve Cl man5anese wodid eventually become(
I
)

depleted and additional man5anese n uld be required, usually

apglied to the soil as manganese sulfate.
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The exc1unuesole m n ancse decz'ec ed in tie five

organic soils with increased calcium carbonate a1plicst1cns

and pH. In cert, the exchensestle mcnficnese was dependent

upon the tonal manganese in the soil, as SHOW1 in Fig. 1.

This Ielti311°hip, nowever, was associated wjth the pH of

geuolethe soil. At low pd values the quantity of exchen

manganese was a function f he total soil manganese and

increased “'o1ortiouetlv with tl1e incrsCse in total 8 il

manganese. at nigher pd values, however, tn:r was less

exchangeable mcngtngse gresent in soil number t even though

it cortELLed the largest pe“centsge of total wun¢c1ese.

High pfl values favor the formation of the unavailable

0" r-r~ . (t-“V-r"fl "= y‘ .. P~ r- 4” .fl‘rq'; J "r f‘\ 1: o,'l',“".,

men onic Hohrafluub Wdllc QCld Conditions ever tne falnution

In

of the availcble mcnfsnous form. It has been stated (to)
I
.

that the differs-1ce in ("cvvfiecble IliLu'lLéliléirse - s due to timer
.

V —~ ‘.- A w r ‘ I‘ I 11 -' a g - , -_—~ , r, ~ ~.' . ' -\ . \

e£c1an e be u—en tie fitSOfbcd Ltnuunsse ant celCium thS

o . ~ ~ + o ." f‘fi- A ‘ c ‘ o ‘ -f _: I x" P. 1 ...‘

in tjo solition. lie result is s gTQCIPAtEtLDJ o: tns

'1 .m- .~ If...» 1.." .n -. .1— -m- 1
onmer Cotluh as insoiuole anVCiess ifiroxi e WfilCfl ngf

‘

0 t
i

t
"

H C
)

be oxicized t

A relC—ti 011s111:1;1 was eviient tetvwen total manusiese

in the plant tissue and total soil 11ganese. Soil nimlsels

l and 5 contained the highest percentages of total soil

1cnxcnese gnu the 5 ant tissue harvested from tnese two

soils was also the higuest in totcl men ancse. This
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relationship, however, is iL“luenced pi, siroe the

~r1 ma ‘

eLanL eLLJe an Ln
L ‘ ‘1 - . 1 .. .

fl . t: ’1 ’ _ ‘ r- r‘ . I_L 1 ‘ ‘ C . Vl' r‘

S Lu Ln...» 1- I. ha. T3 f L) I ‘._L \.-—rf-Lt '1‘ L4 6 3 V (at S(
D

(
1
‘
:

preeomin1zntl" governed Ly the pH of the soil.

. L “a, . . 1 , J. u —. —. 1 ‘

In a genLLL wev tae dLLL uLVb smo A tth tae easily

.1-_ -. -, u -'2~ H. " ‘1‘. ’- - 1 .—‘ ~P, K j ‘1 ‘ “
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It has LeLn shown (14) that 'n LLkLline soil at

5:. I 7‘ , "' vr r r-r‘r‘“ "\ 1‘ :- fl 1 :af‘x

Les o .).m. 0L eLCnLLVLLLl, rLLgLLrse mu t De LLes-nt

for satisfactory cro; Lro”ucthn. lirom t11ese d3ta 1t 18

observed t tne excnenceebie or DLflCCRC‘S zen CRESE
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inis Enos-,5 tnat LUST. of tne .1852: is

prom the analytical data of the onion tissue harvested

from the non~limed treatment of soil number 1, p? 5.6, it

has been shown that iron aid aluminum were yresent in such

quantities as to be toxic to the plant. The addition of

two tons of calcium carbonate to soil number 1 decreased

the amounts of iron and aluminum in the glant tissue, as

shown in Tatl1 9, and the subseguent onion yields were

increased fnom .oé grrns to 15 grams resoectively. Crist (3)

and Hardenburg (lb) found that applicatio s of lime greatly

reduced the intake of iron and aluminum by the tlant. From

the results obtained, manganese does not appear to be the

toxic micro-nutrient element since it gas actually present

in smaller quantities in the plant before tne addition of

calcium carbonate than afterwards. Tne increased manganese

content subsequent to calcium carbonate addition is converse

to the other results obtained with manganese availability.

It is Lnomn, nowever, that an encess amount of aluminum

has caused a renuction in the absorption of all materials (33 .
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The reduced quantities of soluble aluminum in the soil after

the additiOn of calcium carbonate offers a gossible exolana-

tion for the difference in manganese content of the ,lant

tissue before and after calcium carbonate additiOn.

Aluminum toxicity or a combined toxicity of aluminum,

iron and possibly manganese appears to account for the low

yields obtained from the unlined treatments of soil numbers

1 and 2 which had pH values of 5.6 and 5.7 resgectively.

As shown in Figures 4 and 5 the onion plants were dwarfed

and the roots produced few branches.

As shown from the data in Table 1% calcium carbonate

significantly increased the yields of onions on soils 1, 2

and 5 (1% level) and at the 5 per cent level between calcium

carbonate treatments on soils 4 and 5. The unlined treat-

ment on soil number 5 gave significantly higher yields

over the limed treatments and this was the only soil that

did not resgond to calcium carbonate addition. Soil number 5

was 85 per cent base saturated before liming, aboarently

increased additions of calcium carbonate decreased the

absorption of the micro-nutrient elements and esoecially

manganese as shown in Table 8.

Although there was no direct correlation between

the yield of onion bulbs and manganese content there

apneared to be a definite trend in this direction.
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With the exception of the unlimed treatments (check

treatments) of soils 1 aid 2 the heavily limed treatments

gave the lowest yields and they also contained the lowest

amounts oi man ahese; however, some of the treatments that

also gave high yields contained low amounts of manganese.

Results have shown, Table 25, that the highest

" ' '1 in ’L' "o "‘1“ ‘:‘ ‘1. V A A . :r 1" f" ' r x ‘ A V 'r ‘7»:

chlu lOl the live soils tere Obtained betaeen pn 4.20U
)

and 5.3 and the Optimum pH approximated 5.0. The manganese

content in the onion bulbs obtained from the soils uith the

highest yields ranged between 22 and 50 p.p.m.

The data hsve shown that it is important to recognize

not only the beneficial effects of calcium, applied in.the

form of lime (calcium carbonate) in optimum amounts but

also possible detrimental effects associated with overliming.

While the need for lime is recognized as a recommended soil

management piactice, the addition of excessive amounts of

lime to a soil should be avoided in order to prevent the

inducing of certain micro-nutrient element deficiencies,

notably manganese.
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This study was instituted to determine the effects

of calcium carbonate addition on the manganese status of

five acid organic soils and to investigate a number of

factors that might be associated with the causes of

variation on the reaponse of different acid organic

soils to lime applications.

Five organic soils of varying acidity were obtained

from different locations in hichigan. The soils were dried

to an apparent Optimum moisture content and each soil was

sieved through a 1/4 inch screen. Determinations of pd

were made on duplicate samples at a previously determined

moisture content by the glass electrode method. Lime was

added to the soil in 2 ton increments resulting in soil

treatments varying from 2 to l2 tons per acre. Each treat-

ment was replicated three times. An unlimed treatment was

included in each case.

A basic treatment of 2,000 pounds of 3-9-18 fertilizer

and 100 pounds of copper sulfate per acre was added to all

the treatments of the five soils.

On January 19, 195l, the jars were seeded 5/4 to

1 inch deep with Brigham's Yellow Globe, a medium maturing
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variety of onions. The onions were harvested on June 21,

1951. Air dry weights of the tops and bulbs were recorded.

The untreated soils were chemically analyzed for

the following constituents: Exchangeable calcium, magnesium,

potassium, sodium, manganese and iron, and total iron,

aluminum and marganese. In addition the following properties

were determined: pn, exchangeable hydrogen, total exchange

capacity, exchangeable cations and per cent base saturation.

The lime requirement for each soil was determined. Exchange-

able and easily reducible manganese and pH were determined

on the soils after treatment with calcium carbonate and

following the harvesting of the onions.

‘ Total manganese determinations were made on oven-

dried tissue from the tOps and the bulbs of the onions.

The following observations were made from the

investigation;

1. The per cent base saturation and total exchan

capacity are perhaps better criteria than the pH value for

estimating lime needs on the organic soils investigated.

2. Percentage base saturation was found to be

closely related to the exchangeable calcium content of

the soils.

5. The yields of the unlimed treatments increased

with incr ased exchangeable calcium up to the point where

additional calcium inhibited increased yields.



4. The exchangeable manganese decreased in the five

organic soils with increased calcium carbonate applications

5. There was a positive relationship between exchange-

able manganese and total manganese in the soil in strongly

acid conditions, however, this relationship did not nold

at higher pH values.

6. There was some indication of relationship between

total manganese in the plant tissue and total manganese in

the soil, however, this relationship was id part dependent

on the amount of exchangeable manganese present in the soil

which varied with pH.

7. In a general way the easily reducible manganese

increased as the exchangeable manganese decreased with

increased calcium carbonate applications.

8. All five soils had sufficient total manganese

to supply adequate amounts for good plant growth, but

under a continuous crOpping system additional manganese

would be required.

9. In every case the total manganese was found to

be greatest in the leaves of the plants.

10. at intensely acid pd values (5.0-3.9), the iron

and aluminum were present in the plant tissue in sufficient

amounts to be toxic to the plants.
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ll. The addition of cal ium carbonate decreased

the amounts of iron and aluminum in the plant tissue.

12. A high significance between treatments was

obtained with addition of calcium carbonate on soils 1,

2 and a with pH values of 5.6, 6.7 and 4.0 reSyectively.

It was not advantageous to lime soils 4 and 5 which had

pi values of 4.3 and 5.0 resgectively.

13. Although there w s no direct correlation

between the yield of onion bulbs and manganese content

there appeared to be a definite trend in this direction.

14. The highest yields for the five soils were

obtained between 9H 4.2 and 5.3 and the Optimum pH

ayproximates 5.0. The manganese content of the onion

bulbs which gave the highest yields ranged between 22 and
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