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l.
ÂBSTRACT

The soils of Manitoba could be dÍvided,Ínto tvûo broad gqoups,

calcareous and non-calcareous, based. on their percent calcir¡m
carbonate equival-ent. PrevLous fieLd and greenhouse experiments
had indÍcated that ühere existed dÍfferences in t,he relatÍve ease

of availability of soil potassirrm from these soils to plants.
Atso that Ëhe NH&OAc extracËable potassirrm d.eterrnined. on these
soils did not ad,equately describe the amount of potassium in these
soils available to plants.

-An investigation, including greenhouse and laboratory experi-
nents, was conducted üo investi,gate these probilems.

It was found that the differences r+rith respect üo the avail-
ability of potassir.¡m to plants from these two groups of soils
ürere dependenü on the te¡cbure of the soÍls compared. Thus for
equivalent levels of NHOOAe and NaCI extractable poüassir¡n, the
coarser üe:ctured soils in both groups supplied approximaüery equal
amounts of potassiurn to corll. However on the finer te¡ctured, soils
the non-calcareous soirs supplied more potassiun to the prants
than did the calcareous soils. The finer te:ctured, calcareous
soils luere for¡nd to *fix* more added potassir.rm than the non-
calcareous soils of equÍvalent te:cture.

It was also observed that an equillbrium condition appeared

to be operating in the soil potassinm system of Èhese soiIs.
NH4oAc solution e¡rtracted more potassium than the Nacl

sol-ution, utrich in turn e)rtracüed more potassium than t,he H20

sorution from fine textured soirs in both soil groups. However

on the coarser te¡ctured. soÍrs the Nacl and NHroAc solutions



elctracted. similar amounts o, ooau.sium. The Nacl ercbraction

method was the best method., of the three methods used, üo e:ctract
soil potassium when the data r¡ì¡as used to indicate the relative
amount of potassiwr that night be availabre to prants.

corn was found t o üake up more magnesir.m from both groups of
soils than caLcÍum. The uptake of carcir.m and potassium by the
plants increased with addltion of potassir¡m, however the magnesium

content of the plants remained rerativery constant for any one

soil. Optímun yield of prant material was obtained when the
value of the ratfo ca/K Ín the plants r^ras approximately o.l0 to
0. ll.

In both greenhouse experÍments ít was fomd that banding the
potassiuno in to the soils below the seed.s, gave a better yield of
plant material than mixÍng the potassium throughout the soil.
the amornt of potassium taken up by ühe plants from the banded

source of potassium was larger than the amount they took up fron
the diffused soureee



3.
INTRODUCTTON

fn Manitoba workers in the field of soil science recognize

two distÍnct soil groupsr--(1) calcareous and (2) non-calcareous

soils, based, on Èhe percent calcium carbonate equivalenü measurêd.c

Several problems associated with plant mineral nutrition
have been identified with one or the other of these two soil groups;

alühough work has been carried out in solving these problems with

regard to the more liniting elements nitrogen and phosphorous,

1t has alwa¡rs been the opinion of most vüorkers that potassium,

calcium and, magnesium urere ad.equate for plant growth in these

soils.
In recent years the idea that potassiun was adequate Ín

these soils has been severely challenged by several v¡orkerse

Soper (26) in a series of field plot trials with barLey obtained.

good. t"tpóo"e üo potassir:m fertilizer applications. In green-

house experiments conducted by Bailey (¡) and Copeland (fO¡ the

non-calcareous soils were found to Ue ifre more productive of the

two soil types; it was also observed that there might be differ-
ences in the potassiuur supplying power of these soils üo plants

grov'¡n on them.

ïlorsham and Sturgis (29) d.iscussing the availability of
potassium to plants state that rtthe amount of available potassir:m

in a soÍl is largely linÍted by the rate at which it is liberated.

from the primary minera-l-s, by the amount of potassium that the

soil could. hold in soluble and exchangeable forms, and by the

tendency of the potassir.un to be changed from Èhe soluble and.

exchangeable fonns to the more fixed states from which it is
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not released. by the exchange reactionstr, this statement ad.equately

d.escribes the soil-poüassiun system. The authors have proposed.

the theory of a soil-potassir¡¡r equiJ-Íbriu¡r reaction, â theory

which is accepted by several ïrrorkers, as the important reaction

in potassir.¡¡r availability to plants; they have also proposed

that the forms in which the potassir:n is presenü in the soil is
of importance to the equílibrium reacüion, sínce 1t would dlrect
the shift ín the equllibriun reaction.

The present study was thus initíated lnith the object of:
(1) Exanining the potassium status of several ealcareous and

non-ealcareous Manitoba soils, vflith respect to the availability
of potassir¡m to plants grovun on these soils.
(2) Comparing two methods of applying potassír:m fertilizer to
corn,

(i) Banding the potassiun below ühe seed.s prior to seeding.

(ii) Mixing the potassiu.m throughout the soil prior to
seed,ing.

(3) Comparíng the merits of H20, NaCl and NH4OAc as solutions
for ercEracting potassi-r.m from calcareous and. non-calcareous

soils in Maruitoba, when the data are to be used as a measure of
plant available potassiun.



5.

IIIEAATURE REVIE1¡ü

the relationship of the various cetions in ühe soil wlth

respect to thelr availability to plants has been the subject of

much controversy. Potassium, one of the most fnportant Cations

and perhaps the most investigated has had its share of eonËro-

versy with respect bo soil-plant relationship.

Plant potassinm requireaaent Ís usual1-y assocLated with

carbohydrate metabolism, in wtrich the elenent is reported t'o act

as an enz¡rme actívator. Hendrieks (13) states, however, that a

much more likely reason for the poüassium requirenent for growth,

than for enz1dne activation, is that ühe potassiurn imparts par-

ticular configurations to some proteins necessary for their
speclfic fr¡nctioning.

Peaslee and Moss ( ZO¡ working with maize found that photo-

synthesis was strongly affected by potassium and magnesir.¡m con-

cenürations in the leaves of these plants. In the case of low

potassium content all ühe leaves of these plants appeared normaL

and did not differ significantly in chlorophyll contenti however

on some potassir¡m-deficient plants, the older leaves showed

typical potassium d.eficiency symptoms, while the younger leaves

were norrnal, and sinc e these young leaves ulere the ones examined

in the experÍmenü, it suggested. that potassiun effects on photo-

synthesis occurred before visible s¡rmptoms appeared on the leaf.
They srrggested that potassiun deficiency of the leaf decreased

the stomatal openiogsr however ühe eondition could be comected

with application of potassium.

Jenny gg 4. (I6a) in studying the IÍme-potassium problem

of soll-s concluded that lime added to the soÍl liberated potasslum.
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Tork and Rogers (30) staüed that although the addiüion of
calciun was instruméntaI in releasing non-exchangeable potassium,

fixatÍon of applled potassium was encouraged by liming.
rúorsham and sturgis (291 working on the factors affecting

the availabiliby of pot,assium in soils of the Lower Mi.ssissippi

delta concluded that,--(úl) the high available potassirrm content

of some soÍls was assoctáte¿ lrrith a high base exchange capacity,
tl.

exceptiori'oeeurring in soils thab Írere completely base saturciùed;
(b) ealeium salts added to one hundred percent base saturated

"oiI" liberated. potassium. CaS04 liberated potassium fbom both

acid and basic soilsi (c) an increase in the base saturation v¡as

associated with an increase in potassium fixation r¡ntil eomplete

base saturation occurred, after v¡hich there !ìras a deerease in
fixation of potassir.¡m; (d) organic matter markedly Íncreased the
available potassir,m in the soil; this was also accompanied by a
high leaching of poüassiu.m fronn the soil.

Salnon (ZZl worked with clay and peaü soils saturated wiüh

calcÍum, magnesir¡n and. potassium ions in different proportioÍls¡

lIe measured the activity ratio of these ions Ín dilute equilib-
rir¡m solutlons and. found, from his results that, (a) a decrease in
the Ca:Ir{g ratio increased the strength with which poüassir:m is
absorbed by peat, bub had no effect on potassir¡¡a absorption by

crays; (b) peat absorbed potassiurn mr¡ch less strongly than nag-

nesir¡n a¡rà calcium. Thus since caleium is rnore strongly absorbed

by peat than magnesiumradding caleir¡m to Èhese soil-s would release
more potassium than woul-d be released by adding an equivalenü
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€unount of magnesium.

Peech and BradfieLd (21) studied the effecü of lime and

neutral calcium salts on the solubility of potassÍum and concluded

that calcir¡n does not facÍlitate the conversion of the exchange-

able potassiun of collodial clay inüo less exchangeable forms.

they further showed that an increase in absorbed calcir¡¡n favours

the absorpüion of potassirrm from neutral salts, while increases

in the calcium ion concentrati.on results in the liberation of
absorbed potassÍrrm.

other factors bearing on the release of potasslun have

been studied.. Bartholomew (6) and others have shown that erops

renove considerably more potassitrm, in addition to that added

in manure, from plots fertilized r¡¡ith manure than they did from

unfertilÍzed. plots, thus Índicating that the d.ecomposition of
organic maüter converts some of the insoluble mj.nerals of the
soils into for"ms which could be used by pranüs. Jenny (16b)

however forurd that miero-organÍsms redueed the leaching of
potassir:m from soils as compared with sterlle systems. He

demonstrated ühat this reduction 'hras more pronounced in ühe

presence of CaCo3.

De lurk eú 4. (fO¡ defined potassium fixatÍon as the change

of water soluble o" ""pitceable potassium into forms which are

neither water soluble nor instantly replaceable. They found

that during growth there was a drop in ühe repraceable potas-

sium but that after grovr0h the potassium status of the soil was

again built up. They observed that when soils were taken from

the field and kept under moist storage condÍtions without pre-
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vious removar of the replaceable potassiìïn, little change

occurred in the potassium status, even with long storage. They

distinguished an equiribrir.rm condition operating in the soil
potassiurn system and illustrated it as K (fixed)__ ---r K

(released). l{hen potassirrm was added to the soil in the phosphate

form they observed a greater amount of fixation than when the
potassiun was added as potassiun chloride. They assumed. that
the P04- group acted as a link to join the potassium to the soil
colloid as an Ar - o - P - K comprexo Hoagland and Martin (l/+)

however working with barley and tomatoes found no difference with
respect to the relative arnounts of potassium fixed wt¡en the
source was KCI or K2SO4.

Anderson et aI. (3) stated that plants appeared to use a
definite total- quantity of the three eations K*, ca++ and Mg++

and that any excess or deficiency of one of these ions resulted
in an increase or decrease, respectÍvely, in the absorption of
the other ions. Based on this and. sieilar observations several
workers have attempted to relate ühese caüions by a series of
eationic raüios involving activity or concentration of the ions.

to relate the availability of rabire potasqiuqr Ín the çoil. rn
another paper (Za) he used. the equation =; ,

proposed, by Jenny and other workers. The square brackets repre-
sent the total amount of calcir¡m and magnesium; parentheses

represent Èhe concenÈration or aetivities of calcium and magnesirtr¡

in the soil solution; K is the ttion - exchange cons:tantrr, when

K>1 it suggests that exchangeabre magnesiuno is less tightly

Beckett (7b) calculated, ratios of nn\Aã 
"oa ^tn1/fãT n g
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held than exehangeable calciun. From a series of computati.ons

on various soil types he concluded thaü except aü specific sites

ealcium and magnesium are held iârith approxirnately equal attraction
by exchange surfaces; also t,hat in a natural soil there are a

number of exchange sites apparently capable of showÍng a specific
affinity for caleium, and a smaller number of similar sites show-

ing an affÍnity for magnesium; once.these sites are occupied

there is apparently lÍttle difference between the affinity of
the soil exehange sr¡rface for calciurn or magnesiun.

GÍllinghanr (fZ¡ used the Neubauer rye seed.ling method to
study factors affecüing the net absorption of exchangeable

potassiun; he found that the recovery of exchangeable potassium

was related to available nitrogen and phosphorous supplies. He

obtained increases oî 72 100 percent in potassium upüake from

addítions of phosphorous and nitrogen as P205 and NII4NO, res-
pectively. At high rates of nltrogen and phosphorous the plants

were capable of e:cEracting some non-exchangeable po,tassirxr. On

some solls however (i.e. Vancouver Island soils) he got ineom-

plete e:ctraetion of exehangeable potassium, the plants were

only capable of e:cbracting 30 þ0 percent of the measured

exchangeable potassium.

Pierre and Bower (ZZ¡ fro¡a a revi.ew of previous literature
and. their own experime"t*i investigations suggested that the abil-
íty of a plant to obtaiÍsufficient amount of potassir¡m or other

nutrÍent element for optimurn growbh depends not only on the

concenüratÍon of the ele¡nent in the nutrient medium (tfre soil)

þut also on certain environmental factors affectÍng absorption.
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ConsÍdering the effect of liming on Èhe absorptíon of potassir¡m

by plants they concluded, from a review of previous literature,
that the apparent contreidictory results reported by several

ÍnvestigaËors as to the possible effecË of calciuo and/or

nagnesir:m on the uptake of potassíum was due to some extent on

the kind of plants investigated (3rg). They ¡\rere also of the

opinÍon that the potassiun content of crops was undoubted.Iy

influenced also by the fact Èhat lining may either decrease or

fnerease the water - soluble poüassium content of the soil.
thus it was obvious, they stated, that unless the effeet of lirne

on the potassíura water - soluble contenü of the soil was knovun,

it would be Ímpossible to determine from sueh experiments whether

the decreased absorption of potassir:m by plants !úas d,ue to a

lower anount of potassium in the solution or to an antagonistic

effect of the increased calcium concenüratlon in accordance wi-th

Ehrenberg!s law.

The depressing effect of calcíum and raagnesium on potassir¡m

absorption by corn has been advanced, as a possible explanation

for the marked deficiency symptoms and ühe low potassj-r.¡m conÈent

of this crop when grown on the high - lime soils of North-Central

Iowa. Alloway and Pierue (21 and Sanford et al. (2t+) have found

that although many of these Iowa soÍls conüain 1!0 - 2OO poúnds

of exchangeable potassiun per acre, corn showed narked potassÍrrm

deficiency s¡rrnptons and that yield may be more than doubled by

applicaÈion of potasslum fertilizers. They for¡nd ühat the calcium

and magnesium content of these plants was higher than normal

while potassirrm content was low. Sanford et al¡ (2U). used the
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ratlo Ca + Mg : K as the detennÍning factor in potassium absorp-

üion by corn. Thus for Ca + Mg z KÞ5, in the plantrthey got a

low potassir:n uptake by the plants and potassium deficiency

s¡mptours were observed, this phenomena they explained as being

d.ue to a l-ack of a favourable potassir¡m, calcium, magnesirrm bal-

ance in the plants. 0n the other hand for a Ca + I4g z K13.5 ¿"'

they obtained good plant grovrth, and ettríbuted this to the

presence of a favourable potassium, calcirrm, magnesj.un balance

in the plants. They proposed that for the area suggested by the

ratio 3.5<Ca + M8 : K(! was an indication of a state of transi-
tion between favourable and unfavourable potassium, c alcíum,

nagnesium balance in the planËs. Comparing the rfHigh-lime soilstt

and the nNomal Soilsn (these differentations of soils were

based. essenÈia1ly on percent câlciurn earbonate eqrrivalents) they

observed. ühat there was no sensible relationship between yield

of corn and exchangeable potassirrn on the High-Iíme soils as

yúere observed on the No¡'ma1 soilso

fn an evaLuation of the mechanisms governing the supply of

calcÍum, potassium, magnesium and sodiu¡s to soybean roots,

Oliver and Barber (19) conctuded that three mechanisms govern

ühe rate of supply of nutrj.ents from the soil mass to plant

roots; these they listed. as (a) root interception, (U) mass-

flow, (c) d.iffusion. They .år,.luded from a review òr p"rt,

literature that the principal meeha¡rism whieh supplies the

root with nutrient varies with the nuürient, plant species,

and the properties of the soil used. Thus for calcium, root

interception accounted for 14 - L9/" of the uptake of this cation,
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while mass-flovr accounüed for the remaining 86 - SLfr; for
magnesir¡m root intercepüion accounted for LZ - lhft, mass flow

accounted for 88 - 86/", ln the ease of this element some uptake

due to díffusion occurs at low üranspiration rates; in the ca€e

of potassir¡.n diffusion accounted for 87 96/", ühus mass flow

and root interception are of very little irnportance.

Fox and Kacar (11) strrdying the mobilization of non-
ond

exehangeable potassiumfsodiun in a calcareous soil during

plant grourÞh, reported ühat if t,he lrcontact mechanismrr is
apparent then the e:ctensÍvity of t,he root system is important

ln potassir¡n and. sod.iu¡n release from primary and. secondary soil
mineràIs. they found that plants grovin in poËs in the green-

house were capable of nobílizing non-exchangeable potassÍ.un,

in this capacity they for¡nd that legunes were more effective
than grasses--the reasons suggested were that legume rooËs

had a higher exchange capaeity, greater retention of cations,

and possíbly the facü that they have a more acid surface, ühus

may be more effective in decomposing easily weathered primary

minerals with the subsequent release of potassirrn. They fot¡nd

that the grasses took up more potassiun than the legr¡.mes, however

the legumes took np correspondingÌy more caleÍu¡n. They also

proposed the following equilibrit¡m equation for soil potassiun--

K itfixedrr in layer silicates-(Exchangeable + Solution)l(:PLant
Albrecht (1) showed from data presented, that the increasing

stages of soil dàvelopment¡ which gives inereasingfy more calcium

in relation to potassiun on the soil colloid clay, gives corres-

pondingly increasing potassÍum over calcium in the plant. In

K.
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general he sÈated that the potassium and calciu¡n of the soil
decreased as the soí1 becqmes more highly'developed. The portion

of the soil potassir¡m utilized. or available to plants he terned

trActiverr potassium. ThÍs nActiverr potassir:m, he stated, is pro-

vided essentiatly by the absorbed potassir:m or that supplied by

the breakdown of sÍlü and sand fractions, thus chenical breakdown

of the clay fraction üo proru-Íde this acüive poüassiun is of no

significance. He stated also that although calciun - potassium

ratio has been emphasized as a reflection, via ühe plantr of

these nutrieats on the colloid eomplex and in the soil mi-nera1

reserve, one nust not deduce physiological functions to the

e:cbent of exclusion of one by ühe other. Thus before any plant

can groÍr, it must have both calcir¡m and potassium. At starva-

tion levels and even at nore nearly balanced concentrationst

calcin¡n and portassium are directly associated, and either one

may be instrunental ín moving the other into the erop.

McEwen and Matthews (f8) rrcrkÍng rsith several Ontario soils

stated that bhe supplying power of potassir¡trr in these soils was

related. primarily to their clay content. Thus since fertilizer

treatments and. cropping history have no effect on the potassium

supplyÍng power, it should not be necessary to measure potassir¡m

poÏrer of all soils in the routine soil testing prograe. Thus

with a significant number of samples a mean poüassirrn - supplying

povrer of all soils of each te:cüured. class could be establÍshed.

0n the other hand, differences in potassiu¡n - supplying power of

soils undoubtedly explain the fact that exchangeable potassium

leve1s of soils do not correlate well vrith crop response.üo
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applied fertilizel^, especially at row levels of exchangeabl_e

potassium. Therefore for the interpretation of exchangeable

potassÍum leve1s in terms of potassium fertilizer requirenents
it would be necessary to set up different requirement tabres
for soils of different te:cbure.

snÍth and Matthews (zs) working in ühe greenhouse wiÈh

eighteen Ontario soils found that when these soils were cropped.

they had the eharacteristic of retaining a ninimun rever of
potassium which is unavailabre. They also found that fine tex-
tured soils released more non-exchangeable potassiu¡n and, main-
tained a higher level of exchangeable potassiwr than the coarser
te:cbured soils.

Beckett (7a) stud.ied the catÍon - exehange equilibria of
caleium and nagneslum and. concluded that while individual
analyt,ical procedures nay be expected to give consistent results,
different procedures give different results; and that there was

eonsiderabre uncerüainty as to whether alr the ions remorred by
strong leaching solutions, such as ammoniu¡a aceüate, wourd. in
fact have been i.n exchange equilibrium with the so1l so¡¡tion.

Aslander and Arrnolik (l+) uorking hrith peat soils conclud,ed

that organic soils d.o not fix potassium as do mineral soil-s.
They for.rnd that by previously oxidizing the organic natter in bhe

soil they could red.uce the amount of potassium that wourd be

fixedi they explai-ned t,his phenomena by assr.ming that the
aeidity whieh developed in t,he soil prevented, potassir¡¡r fixation.
they found also ühat when organic matter was added to the soil
it eompeted with the mineral or inorganic fracÈions of the soil
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for exchangeable cations, potassium in thÍs case. Thus because

of its greater cation exchange capacity, the organic matter

competed suceessfully wÍbh and dÍverted considerable quantities

of potassium from the mineral fractÍons. Thus since organic

matter cannot fix potassium, 
"-11 

since the quantÍty of potassirrm

in the inorganic fractions had been considerably decreased the

fixation of poüassir.¡m was decreased in the soil. The organic

matter also changed non-exchangeable potassium to exehangeable

forms. They fsr¡nd however that farn yard manure dÍd not lower

the fixation power of the soÍI for potassium; and concluded that

the benefícial effects of farrn yard. manure and mulching straw was

caused nainty by irnproved stnreture. Using oats as a crop they

found that thls plant was a heavy extractor of potassium; also a

comparison of three methods of applying potassiun showed thaü

broadcasting potassitun was not as efficient as bandîng it, and

that mixing the potassium throughoub the soil was not as effective
as banding it, relatÍve to plant grovrbh and response.

trüalker (27t studied ühe effect of various environmental

conditions on potassium fixation and c oncluded Ëhat successive

wettÍng and, drying of soils greatly increased. potassinm fixation;
also that heating soils to 1O5o C resulted ih fixat íon of b5%

of the potassiun iohich was formerly exchangeable. When he added

poüassium to the soil as K01 he for¡nd that on air dryíng, approxi-

unaüely 28/o of tine potassir:rn added was fixed. Like Aslander and

Armofik (¿+) he showed ühat adding organic matter to the soil
not only reduced potassium fixation but also changed. non-

exchangeable potassirln to exchangeable for:ns.
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GENERAT II/TTìTHODS AND MATERTAT,S

DETERMINATION OF K. Na. Ca and Me ON THE S-OIIS

three different extracting solutions were used to e:rtract

the cations K+, Na*, Ca++ and. Mg++ from the soils used, in the
experiment s:

sorution #r - 1.0 N An¡oonium Acetate pH z prus z|¡o ppn¡

of Lithium Nitrate.
Solutían fi? - 2.0 N Sodium Chloride plus z]:i} ppm

of Lithir¡n Nítrate.
Solut ton #3 Copper free distilled. water plus 2!0 ppm

of Lithium Nitrate.
The generar proced.ure employed. in extracting the cations

rÍ€LS',: similar in all three cases:

10 grams of aÍr dried soil, previousry ground to pass through

a 2 mm sieve, was placed in a 500 mr. shaking bottle, to this was

added 100 nI. of the extracËing solution, and the raixture placed

on a rotaËing shaker and allowed to shake for one houro

Ïn the case of the water exbract the nircture was then trans-
ferred. to 250 mI. centrifuge tubes and centrifuged at 1OOO rpn for
fíve minutes. The solution was then filtered uhrough /ll¡2 filter
paper. The ammonium acetate and sodium chloride elcbracts ürere

removed. from the shaker and fiLtered. through #1 filt,er paper.

An extract was taken from the various solutions thus pre-
pared and potassÍum and sodium were deterrnined by Flame Photo-

metry using the Baûrd Atomic KTZ Flane Photometer.

Calciun and magnesium lrere determined by EDTA (disodir¡n salt)
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titrations, on separate errtracts; the indicators eraployed were

Erio Black T for calcium plus magnesÍum, and Cal-Red for calci¿m

titratÍon.

The texbure of the various soils used were

the Mechanical Fractionation Method as outlined

DETSRMINATTON OF THE SOITS PHTSTCAI CHARACTERTSÎ

ÐETERMINATIoN OF CATIoNS K. NA

All determÍnat ions r^rere mad.e on a dry weight basis. The

plant materÍaI hav:ing been harvested. was allowed. to aÍr d.ry for
;three days, it was then transferyed to an o\¡en where it was

dried at 60oC for two days. The oven dried material was weighêd

and ground.

. The erctracting solution used for the determination of potas-
sium and sodin¡n was similar to soruöÍon Sr used for the soils
(1.0 N NH4oAc ptl 7). The plant rnateri-a1-e:cbracting solution
ratío enployed was 1:500 (0.2g of pJ-ant materiar in 100 mr of
solution). The mirccure was allowed üo shake for one hour on a
rotating shaker, Ëhe solution was then filtered off usin g a #l
fílter paper. AlÍquots vüere taken and both potassÍum and sod.ir.¡m

deterrnÍned by F1ame phoüometry on the Baird AtomÍc Ky2 Flame

Fhotometer.

Càreir¡n and Magnesir:m were determined by the dry ash and

EDÎA (disodium salt) titrat,ion method as described byl¡lord and.

Johnson (28).

PHYSICAï, ÁND Ci{EMTCAI CHARACTERISTTCS OF THE SOÏTS

Tablesl & 2 give; the location, soi.l type and general

physical and chemical composition of the soiLs used in the

deterrnÍned by

by Jackson (15).

ÏN THE PT MATERIAT
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greenhouse and laboratory experiments.

Fourbeen soils were collected and used in the greenhouse

and laboratory experirnents. The soiÌs ïrere divided into two

groups of seven, based on their percent ealcir:n carbonate

equivalent, Those soils having a percent calcir¡¡n carbonate

equivalenü of two or greater rrrere placed Ín the calcareous

group, and. those with less than tluo percent calcium carbonate

equivalenÈ were placed in the non-calcareous group.

The soils hrere collected in the spring of 1965, Ðd !{ere

taken from the O 6tt depth. The siües chosen from whích soll
ll'as collected were in areas whieh vrrere being cropped in the

sunmer .of L965.

Three crj.Èeria $rere used in eollecting the soils:
(a) the percent calcj-r¡m carbonate equivalent of the soils,

sr¡ch that two groups of seven soils rärere collected.
(b) A grad:iation in Ëe:cbure of the two groups of soi1s.
(c) A range in the arnmonium acetate exbracüab1e potassiuxl

in boüh groups,;irf soils"
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TABLE 1

Some Characteristics of the Soils Used

Soil Area Soil Soil
Code collected Association

from or Seriestt

Non-Calareous_:Þoils

Dauphin Mi-nj-ota

Giroux Poppleton

Carrnan Almassippi

Sidney Stockton

Carberry WeJ-lwood

Morden Altona

Carrnan Almassippi

Calcareous Soils

Giroux Pelan

Elm Creek Almassippi

St. Rose Plun Ridge*

Steinbach Steinbach

Teulon Lakelandl$

Carman Almassippi

Teulon Balmoralåt

I
2

3

l+

5

6

7

Conduct 7é %

Éi -ivity CaC03 Organic
mmhos eorrivalent matter

6.7 0.26 O.32

7.O O.3l+ 0.91

6.9 0.38 o.1r

5,7 O.22 O.O5

5.5 O.53 o.1o

6.9 o.53 0.18

7.O 0.50 t.37

9

t0

1T

L2

L3

14

0-6rt P
N03-N ppm

Þþm

1.86 r.2
3.r3 1.0

2.55 7.L

2.64 r.7
8.53 .2o,1+

6.24 13.3

5.55 10.9

7.3 o,ln3 5.62

7.6 0.53 2.49

7.8 0.l+6 37.53

7.4 0.61 3.O0

7.7 O.45 16.92

7.8 0.40 2.51+

7.7 O.l+2 L5.O2

Ðescription of the soil associationsand series listed are given in the

ttReport of Reconnaissance SoiJ- Sr¡rveyt, numbe¡s 4, 51 7r 9 and 12, published

by The Manitoba Department of Agriculture and Imrnigration and The Canada

Department of Agriculture.

r4.0

1.1

5.3

16.8

24.2

]-'2.3

10.3

r.64 6.5

2.53 11.7

5.55 r4.9

7.r7 3"5

7.39 4.L

2.r3 7.L

2.OI+ 8.6

L3.4

3.6

2,7

37.9

13.1

L6"3

l+.5
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TABLE 2

Mecha,gical AnaIIsis of Soils

Soil % /" % Texbure -Code Sand. Silt Clav

Non-Calcareous Soils

1 94.66 3.67

2 8L.73 5.53

3 83.83 10.83

l+ 69.2Q 18.50

5 l'4.20 55.93

6 60.79 25.99

7 34"t+6 t+o"M

L.66 Sand

L2.74 ï,oarv Sand

5.31+ Loany Sand

I2.3O Fine Sandy Loarn

29.84 Silty Clay Loam

13.32 Very Fine Sandy Loalr

25.IO Loam

Calcareous Soils

8 89.67

g 69.75

10 L6.60

11 A5.U3

12 15.46

J3 78.82

14 37.23

7.& 2"73

20.35 g.go

70.65 l.2"74

33.A 50.73

57.O9 29.45

16.00 5,18

5O.6t+ 12.73

Sand

Fine Sandy Loam

Silt Loam

Clay

Silty Clay Ioam

toa:rry Fine Sand,

Silt toam
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Discusslon and General Conclusionsbased on the

Table 3 gi.ves the data for the chernical anarysis of the
various soit e¡ctracts for the cations E+, Na+, c*** and 14g++.

A consideration of the data presented Ín Table J was made

to evah¡ate the nrerits of the e:cbracüing solutions to e>ctract
ttprant-availablett potassiun from the soils. The results indi-
cated that the NH4OAe solution renoved more eations than the
NaCl soh¡tion which in turn removed more cations than the water

solutÍon. IûIÍth respect to the removal of indivÍdual cations, the
NaCI and NH4OAc solutlons removed similar amounts of potassinm

from the coarse te:<tured. soils, which had very low to 1ow levels
of soÍI potassium; however on the finer üextured soils the
NHr.OAc solution was the greater e)ctractor of pot,assium. These+

soíls a.lso had high to very hÍgh leve1s of soil potassirxr. Thè

a.mount of potassir.mn e¡ctraeüed by the water solution was also
largest for the fi.ner te>ctured soi1s.

wÍth respect to the amounts of calcium and magnesium

exüracted by the various e¡cbracting solutlons, there were no

observed differences in the amounts e:cbraeted with grad:i.ation

in texture of the soils.
A consideratÍon of the two groups of soils showed that the

NH, OAe solutíon e¡ctracted nnore calcir¡n and nagnesiun from theI+

calcareous soils than did the NaCl sol-ution; on Ëhe non-calcareous

soils the NH4OAG solution entracted more calcium than the NaCI

solution, however both solutions e:ctracted similar amounts of
magnesiu¡r rlÉthin experimental erroro

ts obtained for ühe so
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ft is assumed that the catÍons err0racted hy the water

solution were those present in the soils in soluble or very

easÍly e¡cbractable forms, thus relatively more magnesium was

extracted than calcir.rm. The former ions being nuch more soluble

and less tightly held on the soil exchange sites (Zb).

The high catÍon e:ctracting povüer of NH4OAc on the soils
used. in the experiaent and in partícular the calcareous

group of soils could be attributed to chemical decomposition

of some soil mÍnerals such as CaC03 and other trapped minerals

in the clay lattice structure. AIso sinee the NH¿r* ion is
of a sinilar sj-ze to the K+ ion it is assunred, ühat the NH¿l+

ion could enter in to the lattice structure of the clay minerals

Ín a 1:1 sr¡bstj.tution for K+ ions, which had forrned. parü of
the mineralts lattiee structure and were not on the exchange

sit es.

The sodir.rn chloride solution, it 1s assumed, was not

eapabre of causing similar minerarogical d.ecompositioa (Za¡,

thus resulting in a small amount of cations beÍng e>ctracted.

There is evidence of sone relationship between te:ct,r¡re

(TaUle 2) and soil potassirrn. Thus the coarser textured. soils
in both soir groups had ühe smaller amounts of e:cbractabre

soil potassiun. 
"
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TABIE-3
Cations exbraeted from the soils by the use of three- different exbracting

Soil
Code

K
ppn

'NH¿rOAc E¿cbra.ctable

Ca Mg Na
M"/ M"/ ppm

Non-Calcareous_ Soils

l+8,5 8"2 1.6 7 .5

go.o 23.2 5.O 1O,o

98.0 9.8 3.4 7.5

a63.o t+.6 z.o rl:. j
363.5 17.8 6.0 l3.O

641,0 U.O 5.h 1O,O

68ó'0 33.2 L3.t+ 5O.O

Q¿lcareous Soils

60.0 !2.9 2.g !2.O

57,5 14.8 3.8 18.5

g0,o 25.8 r4.2 2O.o

816.0 38.3 20.1 L65.O

281.0 32.6 L6.6 66.0

18?,0 r5.o 2.9 r2.5

25O.O 30.0 rL.6 21.O

I
2

3

4

5

6

7

Water Exbractable

KCaMgNa
ppm M"/ M./ ppm

1.48

1.71

2.39

l+.?J

5.31+

Lo.92

L].,.9l+

I
9

10

11

12

L3

L4

.56

.U+

.84

o(

.76

.9I

.52

L¿l.2 .45

.76 . gl

.gg .69

.76 .45

.5O .gI

.52 .gr

.46 3,41

NaCl Exbractable

K
ppm

Ca Mg
M"/ Me/

50.0

80.0

90.5

160.2

2æ.5

500.0

h25.5

3.6 1.8

10.8 l+.6

8.4 3.1þ

4.5 2.o

r7.2 5.8

14.8 5"O

22.4 9.0

1.48

L.h,6

1.82

14.0O

4.55

2.60

2.80

.52

.l+O

"36

.38

.76

.69

.36

.56 3.t+L

.56 1.92

.!2 1.82

.20 8.00

.34 6.Il+

.40 r.36

.26 r.82

60.o

55.5

90,0

l+60.5

1ó0.0

L20.2

L55.5

7.2 2.2

9.8 3.2

10.8 8.o

26.1+ th.6

17.0 10.8

9.0 3.o

i6.5 9.2
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The percent catíons, based on ne/100 gms., etôracted by

boüh the NlI4OAe and water solutions are gÍ.ven in TabTe Ir.

The percenü of relatively vrater soluble forms of the cations

varied consÍderably in both soil groups. In the non-caleareous

soils the percent potassi.urn was always larger than the percent

sodiu¡a. Only j.n soil nr¡mbers 1, 2 and I was the percent magnes-

ium greater than the percenÈ calciun. On the calcareous soils the

percent calciu¡n was greaÈer than the percent magnesirln except in
soil numbers I and 9; also in soil nurnbers S, 91 10 and 1& the

percent soclit¡¡r was greater than the percent potassiumo

The preponderance of percent cations for the NH4OAc e)ctract

are in the order Ca++.\ Mg**) K+>Na+, for both groups of soils.
This solr¡tlon also exËracted. a larger percent cal-cium than did the
v'¡ater solution. For equivalent levels of actual NH4OAo exbracÈ-

able potassium in boüh soil groups (raute 3¡, the calculated per-

centages for the non-caleareous soils vùere larger than for the

ealcareous soÍls.

In general the only obserr¡able dlfferences in the two groups

of soils are (a) The calcareous soils have a higher percent cal-
ciu¡o carbonate equivalent than the non-ealcareous soils. (b) ffie
amount of NaCl and NH4OAe erctractable calcir¡m and magnesium ions

from the calcareotrs soils was in general larger than the amounts

e)rtracted from the non-cal-careous soils. (c) ffre emount of water

ercþractable noagnesiun from the non-calcareous soils was larger
than the amount e¡ctracted from the ealcareous soils.

In general one couLd elassify the fertility of the fourteen

soils as ranglng from very low to high.
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TABIE À.

Percent cations (meÂOOg) in the soil:- NHU@.c and H2O exbractable

Soil
Code

NH, Mc Errbractable+

õ/
/o

K

I
2

3

l+

5

6

7

NonJalcareous Soils
1.21 0.30 82.hL

o.74 0.14 8r.55

1.85 O.22 72.70

5.60 O.43 65"25

3.48 0.u 72.00

6"81- o.L7 70"60

3.62 o.t+5 68.34

ú01
lo /o

Na Ca

61
lo
Mg

H20 Exbractable

16"08

L7.57

25.22

29.37

24"27

22.1*3

27 "59

I
o

10

11

T2

L3

l,l+

6l
/o

K

Calcareous Soi-ls
o.g4 0.31

1.22 O.42

o"57 O.20

3.t& 1.18

r.143 o.54

2.25 0.6b

1.41 0.20

o.32

o,36

o.35

o.64

1.07

1.90

3.30

d
/o

Na

o.L2

0.33

0.16

0.10

0.31

o.23

r..6r

ol
/o

Ca

80.75 18.00

78.60 20.18

64.00 35.23

62.49 32.92

6tu.93 33.Q6

8r.83 14.87

66.r8 3z.zL

33.22

36.t4L

h8.58

55.3J+

59,48

62.hz

56.L9

ol
lo
Mg

66.tô

62.90

50.90

l+4"I2

39.r3

35.45

38"9o

o.35

o.3g

o.93

5.5r

2.OO

o.62

L"35

r.35

0.8I

1.61

5 "35

I.3l+

o.3g

1.48

l+7.31+

41.16

73.LO

58.40

66.78

62.32

67.28

50.96

57.63

2h.37

30.78

29.gg

36.66

29.go
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GqEEN}I0US.E EXPERTMENT S

Experinent I
Met,hods and MatgriqlÊ

A greenhouse experinenü, using corn (Morden 88) as the

crop, was designed to study:

{a) The relative availabiliby of potassium from both

groups of soils.
(b) The effect of adding fertilizer potassiurn to these

solls on the uptake of potassir:¡n, caleium and magnesium.

(c) The best method of applying fertilizer potassiurn,

either banding it below the seed or mixíng it through-

out the soÍI prior to seeding.

(d) The relative merits of Ëhe three cation-e:ctracting
solutÍons, NH4OAe, NaCl and waber, for predictÍng

soil potassitm availibilit,y to corrlo

The soils used in the experiment were those previ.ously

discussed. rS00 grarns of air dried. soil was mixed Èhoroughly

and added to each of bhe one-harf gallon glazed porcelaln pots

1n t¡hÍch the crop was to be grown. A totar of l,26 pots vúere

prepared. the experiment consisted of three treatments rep-
licated. three times. The three treatments in the experi.ment

lvere: Treatment 1, a check treatment (no potassíurn fertilizer
added) i Treatment 2, a potassium fertitized treatnent in whieh

100 ppm of potassírrn as KCr was mixed thoroughly ühroughout

the soÍl prior to seeding; Treatmenl 3 t a poüassÍum fertilized
treatment in which I00 ppm potassir:ro as KCl was banded one-half

inch below the seed depth prior to seeding.
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At the time of seeding, JuIy 6, 19651 20 ppm of phosphorous

as NH4H2PO4 was banded in all the poÈs at a depth of one-half

inch below the seed depth. Four corn seeds were placed in each

pot at a depth of one-ha1f inch below the surface of the soil.
The pobs vrlere placed in the greenhouse and the soils brought up

to field capacity wfÈh dÍstilled water. The pots v'rere kept at

optimum moisture condition for plant growüh throughout the

experinent. Micronutrients r,rrere adrled Ín a solution fom to
all the pots, at period.ic íntervals throughout the experiment,

to off-set the lack of ühese elements in the distilled water

with which the plants were l{atered. The micronutrient solution
was made up according to the method suggested by Machlis and

Torney (17). Appendix A gives the concentrabion of the various

elements used. in uraking up the solution. 20 ppm sulphur as

NH4SO4 was added to a1l the pots as a surface application imrned-

iately preceding the seeding of the corn¡

The plants emerged on JuIy 10th. Tv¡o days after emergence

nitrogen as NH4NO3 was added to a1l the pots in a concenÈration

sufficÍent to bring all the pots up to an equÍvalent a¡rount of
nitrogen¡ i.ê. 25 ppm nitrogen. Three nore additions of nitrogen

as NH4NO, were nade during the course of the experiment, at each

tine, which was aboub eight days apart, 50 ppra of nitrogen was

added.

On July 20th, the pots were thinned to l-eave only two corn

plants per pot; wire props were a¡lso inserted to keep the plants

upright.

About august 8th, the prant s grown in soil- numbers r and r-l
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were ,observed to be developing a

leaf, whÍch kept extending up the
t

the chloratÍc condition persisted

25 ppm. of nitrogen as NHUSOU. It
L

conditon might be due to lack of

thus on August ]-3þh, 5 ppm of copper as CuSO4.5 H20 was added

to all the pots. The chlorotic condition of the plants in
soil numbens L and l-l- disappeared after only three days.

The plants were harvested on August 26th, 5O days after
seeding. The plants were cut off at the soil surface and were

chopped in approximately one-quarÈer inch lengths and placed

in paper bags to aír dry. l{hen air dried, the plant material
vras oven dried at óOoC for several hours, then coole"d and

weighed. The oven dried plant material was finely ground and

composites of the various treatments were made for individual
soils. A representative sample was taken from the grorrnd

plant material and analyzed for potassir¡m, sodirm, eal.ciun and

magne sium.

le.sqlts and Disggssion

the avèrage yields of plant material in grams of oven dry

weighË, and the percent yÍe1d for the fertilized treatments are

given 1n Table 5.

Yiel4 olplant rinateriaf

Statistical analysis of the data in Table 5 was completed

for both groups of soils as individual units, and for each soil
within a group. the results are LÍsted in Table 5. 

l

l

It was found that white within any soil group ühere existed

chlorosis at the base of the

leaf blade towards the apex.

afÈer an application of
was thus assr.uned that the

some other mineral element,
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TABLE 5.

Experiment 1.

Average yield of plant material
wield of fertilized treatments.

Soil T-1 T -Z T-3
Code Check K-mjxed K-Banded

I
2

3

l+

5

6

7
Treat
Average

Non-Calcareous Soils
9.34 eL g.lil eL

10.35 e1 10.94 dl

73.67 d, 15.62 c,

16"03 cl V.64 bz

L7 33 ac, L8.54 bz

L9.82 a, 20"25 a,

t7.99 bt 18.57 bI

l,4.93->+ I ];5.86->t 

'
Calcareous Soils
ffizoa,
9.80 e, I2.2L d2

6.97 fL 8.60 e,

26.40 aI 24"1û az

7J+.82 c, 16.96 bz

15.51 bl L6.M bV

J2"73 \ I5.3L cz

(oven Oried) in grams and percent

LO.38 eZ 98"63 89.98

I!.53 ez 98.66 89.77

I5.7L d2 91.52 87.01

L8.72 c, 91.gl 88.47

20.l+:6 b3 93.W 84.7O

24.83 a3 97.88 79.82

2LJ3 bZ 9ó.88 85.1,1+

]L7.45)r 3

+
% ]fie].:d

T-2

()

9

10

11

12

13

I4

+
/" yield

T_3

Treat
Average 14.05* I I5.3þt Z L6.3$'" 

3

Note: Yield accompanied by the same letter â, b, c, d or e in a4y one treatment
for any one group ol soils are not significañtat P = .05 (Dr¡ncants Test.)
Yield acconrpaníed by the same nr.¡¡nber 1, 2 and 3 for any one soil within a
group are not significant at P = .05 (Dunc41rs Test.)

-)í No siglificant differences at P = .05 (Duncanrs Test.) r^¡hen treatment
averages were compared between groups.

+Check-T xl0O=øTieJ.d.
Fertilized - T

].4.83 %
13.53 d3

8.81 e,

z5.L az

18.40 b3

16.93 c,

1-7.03 c,

9L.82 81.73

80.26 72.t$

81.05 79.7J

108,06 105.14

Ü.38 80.51+

9t+.34 9L.6r

83.L5 7l+.75



7at
differences among soirs r¡rith respect to the amount of planü

material produeed; the greatest and most consistent differences
were recorded beÈween individual treatnents w'ithin a particuLar

soil group, thus treatment three was better than treatment two

which Ín turn was better than treatment one. There is no sig-
nificant difference between the anount of plant material produced

by both groups of soils when they are treated as individual units.
The pereent yield data was deterrined by calcurating the

yield of the eheck treatnent as a percentage of the yield of the
fertilized tneatments. The data indicates that except for the
plants grown on soil nrrnber l-1 in rohich there was a negative
response, all other plants grown on soils in both groups showed

a greater response to potassium when it was applied as a band

below the seed to when the potassium was mixed throughout the
soil before seed.ing. A conparison of soils from both groups

t^¡hich had eomparatively low but similar a¡oounts of soil potas-

sium as deterniined by both the NH4OAe and NaCl extraction pro-

cedures, revealed that adding potassium to these soils resulted
j.n a rower percent yield for corn on the caleareous soils,
whether the potassium was banded or mixed throughout Èhe soil
as compared to the non-calcareous soils.

Figures 1, (A), (B), and (c) show the relationship between

yÍeld of plant material and extractable soil potassiurn, as was

determined on the three extraetions; water ercÈract¡ NaCl extract
and NH,.OA.c errbracü respectively.

+

The three sets of figures (4, B and c) show that for both
groups of soils there exists a good rerationship between the



The f igures,:.construct ed foi,t,he non-eale areouS' soi.fs,, stron,,',

a levelllng offrin yield with increase in soil potassiun!¡,,as.,i;,1.,,,,

d.etermÍned fron the ühree extraction procedures used. The ,.,
'' '";f - ''' :levelling off in yield oceurs aË approximatêly 16 granrs,sf.", .,

. ..::

plant material in all three curves, this corresponds to , -

' .. t'::

approximately lr ppm of water e¡cüraetable potassirxr, 150 ìppm., '''.,''' ,','',.'

of NaCl erctractable potassium and 200 ppm of NH4OAc errtractäb'le

potassium. Except for soil nrrnber 11, the tendency for a

levelling off in yield vúth increase in extraetable,soll pota-s,- 
:

,..
sir¡n was also observed from the figures for the ealeareous.

l

group of soils. ltrowever the levelling off points on these.] .,, ,

figures are not as obvi.ous as the poinüs on the figures fol¡iî¡Ël
non-caleareous soils.

The very high yield record.ed in the case of soll
Ís attributed to the exceptionally high fertility of t
as is record.ed in Tables 1, 2 and. 3.

Analysis of Plant MaËeriat

Table 6 gives the data for the analysis of the plant,,,'ltil,i.,.i
:ì :.., l.i...i::r l:. r..,i.;,1::rl,,.l

material-. The percent potassiun in all the planbs incneà$,ed il
100 ppm of potassir¡rn was add.ed to the soils. This incr,eas¿."ç"¡.;'., . : ...Ì,..,i., .,...1r::r,..,. :

greatest when the poüassium was banded. into the so,iI" aSlo..iO'- ',
t.:: ,.- , r.... :.. .., . j,.trl:: f.,.

to the treatraent in which it vEas mj.xed throughout thg..,Sô1ïd;i..' rri
, .,.'. i, .' il,l. --r:,,::.:fiil'iili:i :: irr ,r.

Thus one could assune that corn fed best from,.a: conc.e,ntqa!é¿. ,li ' . .: - ,.;;;r .¡1,:r ,;t..i,ii litr..ilt;i.,.

source of potassiun rather th-an from a diffused so,uice. The '

. ,, ,, , :,ji.,,:,. ii,:, ,
..1 :it,.)'. i :t,,:i,
:r rr : ...t r' t:rr ì.:
' l,tt:f :'...:]., .1

nr¡mber II
, ,Ì,: iì .. :l:,, 

.

his s.oi.tiìi'.',.
.',1,. t:'l:". '' '

'' , t . ..,.,t.

. ,. -: t.....

.,....:i,...,,.Í

. ...r,.t:rl
' ":'-r'I:
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' .U!¡e.eHl
% K .. ÍáNa, lâEa

iton-Cafcareo¡ls Soi
o,53 0.50 o.52 o.72

O.73 O.b5 O.l+5 0.65

o.?o 0.65 o.32 0.62

1.00 O.55 0.16 0.4O

L.3g O.60 0.17 O,l+2

L.7g o.40 0.16 o.40

2.O5 0.4O O.20 0.41

2

,'3

l+

5

6

l,l

l.2l+ O.45

l.15 O.45

0.89 0.53

1.50 O.4o

r.56 o.t+S

l.g3 0.32

2.11 0.28

I
9

1o

11

te

T3

14

Cal-careous S-oils
0.48 O.55 0,44

o,l+3 0.65 0.38

0.69 o.65 0.18

r.53 0.54 0.10

1.00 0.60 0.10

o.65 o.55 O.20

0.83 0.60 0.1?

l., . l

o,5i '0.61
.'11.,;'.,. ,

0.l+6 o.55
.i'll;'f;,.lì.. ,:.

o.27 0.M

O.18 O,l+3

0.15 O.39
l

0.19 A,43

0.19 O.143

0.44 O;,45

O.l+5 '0¡50

0.2? o:86

O,12, 0.51

o.L7 ø.55

0,22,,.,1'0q47

'0.22::r,6.,¿;4

0.64 1.04 0.49

o.60 0.84 0.62

o.yl r.35 0.56

0.48 r.73 a.45

O.hg 1.O8i.'O;54

O.53 t.O9 0,45

0.56 r.25 O,5O

o,l,l 
',,,,,,'ìiirìlìiìi!ìi.ì,.1¡

0.'.3.8,,,.,.Ï
.' .1ì :'Jiitilrill\illr,l\

0.3.5.À

0.
r'llié
:rll:jiì

:.iiìli:r.lfÌìrr1lìii¡ìììl



88) for magnesium. ..
The percent magnesium content of

. I . ,'. ' :

calcareous soils was higher than ''foi'
Ron-ealcareous soils. Contrar¡r to

content of the plants gro!Ín'on t,he

higher than for those grown'on'the

the plants grown on any one solt was relatively eondt

In both groups of soils the percent magnesium cot

three treatments. Thus adding potassium Ín a band or n
.... .. .' .,.-...]

it throughotrt the soÍIs had no effòct' 'on ühe' ¡.iàiiîèlW
ability of magnesir¡¡r to thè'plants'. ".fhe pereent calcl'i$

of any one soil, however, was relativêly'eonstantr-'ontyü

ments one and three; in Ëreatment two the percent calöiTiiì

üent of the plants showed ä, slight inerea"*,,,.-.,lhrriÆ

potassium throughout trr" 'ràii" 'àpp***rrùry "*t"a""¿ eal

an available form.

Figures 2, (A) , (B), and. (C) show the reiationship T

, ,' ' . t. ,. ..,, 
', .,. ,': l' 

,,,..1,.1j..;.,.,.:r.'..,..'''. iiffi j

pereent potassium Ín thê plants ,grovrrn on treatment one';$
., . .. . .:, r ,t,:rr, . .',:t,tr.:1.:li,l.l,t:ri 

Isoil extractabl-e potassir-rm as ìdeteiminea :irod'bhé¡'ù'hiêà 
.i. ' f: ri.iì

tion procedures, water, ÑàCt and. NH4OAe respectively.

soÍl,s i

siu¡n in the'plants incfeaseb witÌr'increàse in sòii eoi
In general for âny one grouprof "s'oíIs''the perient ,

t : 
' ;r:lt'':tÌi:

.. ì.rì....,-rl,i
Ì,:ìr,tì$rìì!

iii-ì:,,:,.*
.. ..ìtl: .
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Ls the percent potassium in the plants alsogroups oI so].- r j

inereases. Thus the plants, utilized sourcês, of, s .oi!r,Oot*3::

si,r:m vøhich are water extractabfe.

NII4OAc extractable soÍI potassium and percent plant 0",,,1

There was no observed relationshíp beüween the perc

This is further evidence that the NH4OAc solution is capablg

ercbracting cations from some soiLs which are unavailable to
,,1¡.r::,r:!Tplants. ,,i,r!:i

A eonparison of the two groups of soils shows that fo.---T,

equivalent Ievelo of percent H20 extractable potassium, pla
grown on the finer tercbured non-calcareous soils had. a irisi
percent potassiun content than those grown on the finer.tex¡

,:¡,,.r,¡¡,.1;:,,,$

tured calcareous soils. Thus apparently a larger portion of,
the potassium exËracted from the non-calcareous soils was

available to the plants.

decreased with addition of fertilizer potassium (taure 6)i

The percent sodir.¡m content of all the plants generatly

relatively hlgh sodium content of the prants grown oo rofl,.i
Nr¡nbers 1, 2, 31 8, gr 10 and ll, in comparison to the r.11!*t

. , r,..ìtiiìrrril{

ilow potassfu-¡m content of these plants, for the check treatfi$

;',j,:Ìi¡¡l,ttï

could have resulted from a substitution of sod.fu.¡n for potaÈË
. ,.:..rri:,.,rin the plantst nutriti.on. Thls condit,ion wourd resurt infi

. :tii ;i::ui!:ìij|

physiologicar damage to the plants and could. account in pàf$
,.,'r,1¡1116for the reduced yields obtained. ,,

ì,,linr'i',:.l:

]'::

,,i:jj!!ij:.i.;.j ìi:A 9.omp.ari.son of both soil,r.groups.sho$iõ thát the,,plâ
,.-;**;--."-.*". - $¡¡rrtlii+*i* 

'.---**;,;

Table 7 gives the data for the toüal uptake of potâ,.p;



Experiment 1.

Soil Total Potassi-um Total Sodium Total Calcium Tota1 Magnesium
Cod.e T-t T-2 T-? T-1 T-2 T.;a' T-1 T-2 T-q T-I T-2 T-?

Non-Calcareous Soi.ls
1 50 11? r3]- t+7 LÐ h7 h9 5z 53 61 58 67

2 76 l,26 138 t+7 49 b6 t+7 50 5t+ 67 ó0 75

3 96 L39 ]-57 89 83 79 ht+ t+2 42 85 6g th

t+ 160 265 272 88 7t 69 26 29 3t 6t+ 71 96

5 2tù' 289 327 hL 89 72 28 29 29 73 7t+ 108

6 355 39r t+g4 79 61 67 3z 3S 37 79 st t22

7 369 392 t+73 72 5z 63 36 35 34 7t+ 80 97

H.
T ¿, B L E 7.

Total cations in plant rnaterial (men. )

â()

9

10
-:

11

L2

T3

14

Calcareous Soi]s
5s r33 i5i 67 65 6? 53 5S 56 7s 59 so

4z 103 r22 6t, 76 70 37 55 54 59 61 9L

4e 116 r22 t+5 h8 4h 13 23 23 68 74 7z

t+o4 h.23 439 W 110 100 26 23 20 L27 t28 J36

14s 1s3 2o2 sg 92 s6 L5 28 26 73 r27 136

101 r7g ]:96 s5 74 71 47 36 34 82 7? 93

11? 191 22L 76 77 9t+ 22 34 3Z 6tr 98 111



L0.

grown on th@ îoî-câlcareous soils generally had a Larger

potassÍum content than those gro!{n on the c alcareous soils.
This tendeney was also observed for treatments two and three.
The total amount of rnagnesium and calcium in the plants remained

relatively constant with addition of potassir¡m to any one soil
in a partieular group.

Using the data collected Ín Tables 3 and Z, the percent

of soil potassiurn and appried potassium r¡sed. by the prants

t\ílas'.r calculated and the data given in Table 8. The table hras

constructed using the d.ata for NH4OAc and, NaCl e¡ctractable

soiL poËassir¡¡lr.

The plants used more Nacr e)$ractable potassÍum in com-

parison to NHUoac erctractable potassir¡n. This fact is partic-
ularly obvious for those plants gro!ârn on the finer üe)ctured

soils. this is further. evidence of the fact that the NH4oAc

solution was extracting potassium from these soils which is
unavailable to plants. lhis is particularly true in the case

of the calcareous soils, sinee on these sofls the plants used.

a smaLler percentage of the NH4OAo elcbractable potassium than
they did on the non-caleareous soirs; also a revie¡v of Table 3

shows that the percent NH4OAc extractable potassiun used. by

the plants decreases wibh increase in the amount of NH4oAe

extractabre potassium determined on the soils. rn general

the plants grown on the non-calcareous soils also made greaÈer

use of the NH4OAe

The percent

the plants grovm

e¡ctractable soil potassium.

of NaCI e¡cbractable soil potassium used by

on the non-calcareous soils was relatively
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TABLE 8.

Percent of soil K and Appfied K used bv Plants.

% soii]r K used +s % applied K used
bv pla.::ts bv Plants +=

so:.r T ' 3
Code

1

2

3

Lr

5

6

7

Non-Calcareous Soils
29.94

27 "54

28.40

28.h6

a9.25

16,06

L5.59

Ca-lcareous Soils
28.O2

2T.2L

l-5'143

1¡,.35

L5,27

15.65

ì? ËÃLJo))

I Ext,ractable K K-rrrnixedrr K-rrBandedn

28.90 19.42

27.54 ]-.l+.1+9

3o.?7 l-.2.l+6

28.93 3Q.l$

24.89 r3.gr

20.58 LO.l+3

25.7J+ 6.67

28.02 22.89

2r.99 17 -68

I',Lþ L9.7L

25.45 5.5L

26.8L 10.14

u+.33 22.60

2L.82 zL.lù

I
9

10

11

L2

13

14

23.1+9

17.97,

L7.69

32.1+6

2l+.92

l+0.28

30.rh

23,69

23,r8

2]-.l+5

10.14

L5.65

27.53

29.64

( Chect-T )
(Plant K Írgm)

% sotr- K used bv prants * l..jj;.;'rlõ 
x

(nertitized-T)
( Prant K mgm)

S Applied K used. by plents =

t00

( Chect-T )
(Ptant K mem)

(Applied K mem)
x 100
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Çonstant, withi-n experimental €f,roro This i-s also observed

for the calcareous soils. However a comparison of both soil
groups shows that the plants grovrn on the finer textured non-

calcareous soils made better use of NaCI e:cbractable soil
potassir¡m than ühose grovrn on the finer textured calcareous

soils. This could be due to the fact that these non-cal-careous

soils possessed a greater quantity of plant-avail-able potassium,

or that, the cal-careous soils rrfixfi potassium dr¡e to the presence

of large amounts of absorbed calcium (21).

The plants grown on both groups of soils used more of the
soil potassium (ttHþOac and Nacr e:cbraetable potassium), than

they did of applied potassiurn when the potassiwn was mixed.

throughout the soil. when the potassium was applied in a band.

below the seeds prior to seeding, the percent of applied
potassiunr used by the plants increased markedly.

rn general, the plants gror¡rn on the finer üextured soirs
made greater use of applied potassium from a band than did the
planËs on the coarser texÞured soi1s. In thÍs respect plants
grown on soil numbere 8, 9 and 10 in the carcareous group

used more of the applied potassÍum than Ëhose plants grown

on soil numbers 1, 2 and 3 of the non-caleareous group.

similarly plants grovùn on soil numbers l¡, 5r'6 and T of the non-

calcareous group used ¡nore of the applied potassj-un than did

.the plants grown on soÍl numbers 11 , 12, L3 and 1/+ of the cal-
careous group. Therefore one could essume that the finer
Ëexbured calcareous soils are capable of lffixj-ngil more potas-

siunr than the finer textured non-calcareous soils.
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re1ative1ysma11;;"",ofapp1iedpotassiumusedby
the plants grovìm on the coarser textured non-caleareous soiIb":.'',,,

_. ..1, tti. (

resulted from the fact that adding water to the pots prior to
germínation of the seeds, reeulted in a diffusion of the ' 

",1 ,.
.,...:,.,1:ì: :. '

poËassiun placed in a band into the soi1s, thus the plants', by ,..,

the time they uÞre abre Èo utilize soil nutrients, were r*.ji$',:
: 1,. ,: '.. .l

from a diffused. source of potassíum, in effeet simflan to t¡r':¡,.'t,¡,

The

source 1n treatment two. A simiLar explanation could be

to the coarser tercbured. calcareous soils. Therefore the
differences between these two groups of soils with respect

availabirity of potassium to prants is apparently related in
degree to their texture. Thus coarse textured soils in both'
groups could be expected to behav-e essentially a1ike, rvhÍle

could expect to observe differences in the finer te:rtured
I.:of both groups. ,;rr,i',

Figures l¡, A, B and C, Ì{ere constructed to evaluaÈ* rhÍah,,,, 
,,,

,:,ri,llit,
of the three meÈhods used to e¡ctract soil potassium from both-,,i,,,

groups of soils gave the best relatÍonship when e:ctractable ' 
.-;,',,

. ..r: 
.r:,, 

,.

soil potassium was eoíxpared r¡riüh the totaL amount of potassitrm!:,

the plants removed from the soils.
The water and NaCl ercüraction

were comparable in relating toüal
abre soil potassium. llowever in the case of the water

abre potassium the prants removed a larger amount of
from the soils (fable f) than was extracted by this
Thus it is assr.¡med that the plants fed. fron sources other
water soluble potassiun, namely exchangeabre potassium

methods, Figures l¡,

plant potassiurn hrith



ffi

&

@

E-{

4
$*{

P.

: .. ..ì -. ,.,,.; I .. l. ...:.. 'u*"
l- tl . - :.: .l .,..

iú2

' 14,
H

,5 ffi

M
Ë3

M
gJ

m

F+

f\

ñ.{

þ.ä

s
$"s

6*r

"3

oa

rùactable

3+

t?

Nst3,

irrtr,l

1,i.tl

F*u**bx*3ffiü çppwl

æ æuQl
e tl{

ffiwn*eaå*&pesw$ w*Såm
*aå.ees"qñN"s ffi*åk@

v w*s3

SSSr I
*ñs,ì



Nacr solution eould therefore., be.us,ed effectíveIy in.¿éié.]'i....¡.,.;''1¡l;¡.i...]..-

ing plant-available potassiurn rron,soils:, within 
"ny 

oi c
soil groups considered, without reference to wnetrrgi.'tù_e$¡

calcareous or non-calcareous.

shows two distÍnct line,s

Although at low levels of

Figure I+ C, construeted for the NIIUOAc extraqË1..",,,gffi

soiÌs) uot,h lines converge, in the inlerraediate ranger,¡t!.ç
. .,. :. :-.;,. ,. r,¡.,i,r,i,j1¡.il{

area in v'rhich most soi-ls in Manitoba would fall, ,the¡1,aiil' . ' ',:-, , .. : .,,:i;,.,ltl¡I..:.il',.!,:,tilì

separated. Thus

frorn c alcareous

pooassium avairabílity to prants, is effective onlyr,gn,.,th

coarser

Utt4Olc

( rable

represent ing both :,group-s,., 

"{,.".ffi
soitr- 

1 
potassiUn ( coarser.te¡f ur

ühis method of extracting soÍl potassiusi
, ,-.,:. ..:: ..,. ,:.it.ì.. _ frrN

and non-calcareous soilsr âs a measure of
I..

on the finer te>rbured soil-s the NH, oAe ercbraction,methäd.:.1l+ _ ., :,, ,. ,. 
_.1-r.,.1,lll,.l.'liii._:.lil¡+.-l,l. 

L\-\lsoÍl poüassium must be used cautiously. on these soils i

slfutions e:cbracted 
.idenbical Amo.qlts,,uf pota"siun

3) , thus both nethods could be,,..us'-ed.,,inteqc'íiå"g*,+. Ï

necessary to first detemine üLrether ühe, soir,,is,carôareo
or non-carcareous (tr¡e zfo cace^ equivalent level is useá t

, ) . ,:.r.;' I.ì ì !.r r.,, rll::i;,{:ri.¡:iili:i:1:ìì..1i;

separate the two groups of soi-l,s). before the reu"I'.r1i0.,,,",.,.,

,, ;.':.'.i.ip.rri.P,between, NH¿o,lc'extiáei"¡rg',iotassir¡m .rr¿ t,"täiìffi
-:t;

I .to,,tnl 
plants for soils utttr.ln a þait'to:t"f groüP. 

,,toïìiti{i*ri¡liäi¡-ìr¡,'ir :



was not'as:'goöd; Iü is thûs
,,,,l , i ',, I t.lt.,.l

NaCl method of e:ctracting so1l poüasrsium is better, thahr t
... - : .,ìl i,.. ,, :,::.....-..lrt. . ..,,.

NH, OAe mgthod. 'i'. , ',, , ,, : :"rr il l',:..r:1,,¡r'

----+

series of cationi.c ratios was,
..,.,...

in an effort to relaÈe these to

.r .r,: ,. .r. ..,'r ,..r.,i.ì:.,i, :,ui¡..,¡Ìllriìtìr!è$iì.1.l

Based on several of the literature reviqwed (V'rt Zi4¡::r.'51$ï1

typeson the uptake of the various cations. None of the c

rùr
r:r:r:irli

Lated ratlos gave eny sensible:relationship when

rble potássirrm, thé relation¡
presumed that both the II20 r

compared to soil typs. However it was found'that the'raTi'í

Ca/ß, for the plant naterial was'related to the yiel'd of þf
materiaL (Figure 5). 'Fion bhe figure it,is o'bseifeid'.thatî

ühe yield increases for l',.,;:: tie'atrn'mts Lrl Z and i" ùh¿t,'[.ålË

ratio decreases. At a value of approximately 0.10, for th
Ca/K ratio, there is no further d,ecrease in thè ratio' wit

calculated for the plant m

. | : . ,,.:i,r.,.t:i,i:ilj.liil

increase in yield'for plant" ärr,Uottl þioups of soilå. fhg

the effect of different so

thls varue of o.10 for rhè'rariu Cä/rii, perhaps " .;å'JgÈi

istic of corn' (Morden 88) , iand i" r"qüi¡Ëd'.r¿i't";iiilill$$
- - --^--a t r t ¡Thlrs the plants'wou1d take up potassium òr:calCirln,''tn exc:ess

' . i. :rlrl- i"¡\ê Ìl

ôr #',ig orher' unrir. rhis I ¡u¿,lò:'is''s*ri:rii"J, lil ¡rtrÈ''ìåtil$Ë
. . . , . ..,.,'.-, ...'.: l,l'.. l':,rl ll ' 

l

any Íncrease in the uptake of one of these elemenüs is re-
flected in a sinilar upt,ake of the other. "therefoie lisrlb
one of these elements to the planÈ would result in,a'''de'ciei

l¡

,,i$

:i. ..,ì,,:;.i,,Ñi
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experi-ment I revealed that potassíum

on sone sf the lower yÍeIdíng soils.
.ì

the yield of plant material frsm soil

An observation of the, aätâ'CöilËctèa

aIly Iow. Thus, isith the idea of

also to further the observations

ences and si¡rilarities between ealcareous

soi-Is observed in greenhouse
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10,
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weÍghed into

using corn (Morden
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times; in the case

11,

and

ühe experiment

ment. The
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a check
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The
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nrmber 10, and which would be referred to as TlOr consisted

of 25O ppm of potassium as KCf mixed throughout the soil,
plus 2!0 ppm of potassium as KCI baaded. one-hatf lnch below

the seed depth.

At the tÍme of seeding, Deeember 11, 1965, l*0 ppm of

phosphorous as NH&H2POL was mixed. throughout the soÍ1 in each

pot. Four corn seed.s were placed in each pot at a depth of one-

half inch below the surface pf the soil. The pots were placed

in bhe greenhouse and pre-emergence eare was adrninistered to

them as was described in greenhouse experiment 1.

The post-emergence care of the plants was simÍIar to that

described for greenhouse experiment 1, except for the following

de.viations--(a) Four applÍcations of nitrogen as NH1*N03 !üere nade

Èen days apart, beginning on the day the plants first emerged

which was December 1l¡. (b) Three applications of copper as

CuSO4.5HZO, each consistÍng of 5" nn* copper, urere made to each

pot. The first application was made two d.ays after the planüs

emerged, and the other two applications v{ere spaeed at two

week intervals.
No signs of chlorosis were observed in t,hese plants through-

out ühe period of growth, In general, the plar¡ts appeared to

be much healËhier than those grown in experj.nent 1. Although

the corn grohrn Ín experiment 2 was not as tall as those grovln

in experiment l, their stems were mueh larger in diameter and

the leaves much wider.

The plants were harvested, on January 11, L966, 5l days

after seedÍng. The harvestÍng procedure and sample preparation
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for chemical analyses were sinilar to thaË described in experi-
ment 1.

Resu].ts and. Discussion

The average yield of plant material- Ín grams of oven dry
weight, and the percent yield of the fertilized treatments, are

given in labl-e 9.

Tip1d of Plant Material

As was recorded in greenhouse experj.ment r, there were

significant dÍfferences between soils wiüh respect to yield of
plant material; however the largest d.ifferences vúere observed

when the potassium fertilized treatments were corapared. w"ith the
check treatments for any soil within a group, rn general, for
equivalent levels of soil potassj.um (Ta¡te 3) the non_calcareous

soils out-yielded the calcareous soils (check treatments).
Soil number L0 which was of special interest in thls experi-

ment gave a good. response to the high rate of potassiurn banded

in the soil. ThÍs response ï{as further observed. in the special
freatment T1O"

The percent yield data were determined as for greenhouse

experiment 1. All the soils r¡,sed in the experÍment gave a
positive percent yie1d. However the percent yield for those
plants grown on the caleareous soils !úere in general better
than the percent yield for the plants grown on the non-cal-careous

soils. Thus one rnighÈ conclude that the response to fertilizer
potassium vùas greatest on these soils. rn particular, soir
nurnber 10 gave a pereent yield'of i7.i3 when 2J0 ppm of
pobassiu¡r as KCI was banded.. Th,j,s further d.ecreased to 53.65/,



Experiment 2.

Soi].
Code

5[.
TABLE

T-1 T-2
Check K-Banded

Average yield of
grams and percent

Non-C.a1car,eous Soils
12,50 bI L7.35

12"90 bI I9.1+O

18.60 a- 2O'OO
t-

18.50 a, 2I.I5

2

6

7

Treat,
Averages

10

11

T2

t4

Treat.
Averages

plant material (oven dried) in
yield of fertilized treatments
m0767r1O lo /o
K (Mixed & Yield Tield

(Bande¿ T-Z TtO

I5.63+t', ]-9.5c-)r2

Cêlcareous Soils
9"55 d\ ].:6.60 d2

19.80 a, 2O.5O aU

15.10 bt I9.O5 b2

73.52 c, L7.85 cz

y+.49"-*L J:8.5C,+2

bz

ùz
a

2

"z

72.05

66.49

93.oo

87.4,7

Note: Tield accompanied by the same letter ã, b, c or d for any one
Treatment within a group are not sigrrificant. P = .05 (Duncanls Test).

Tie3.d accompanied. by the same number L, 2 and.3 for any one
soil within a group are not significant. P = .05 (Duncants Test).

The same m:rnber of -)t denotes no significant d:ifferences (p = ,05)
when treatment averages are compared between groups. (Dwrcanrs Test).

]-7.803 57.53 53,65

96,59

79.27

75.7 4
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üihen 2f0 ppn of potassium *.u'*i*ed. throughout the soil before
banding a further 210 ppm of potassium as Kcl. rn general,
for all soils used in experimenÈ 2 the percent yield was better
than that obtained for the similar soils in experiment 1. Thus

banding 210 ppm of potassir.¡¡n to these soils was better than
either bandÍng or mixing throughout the soirs 100 ppm of
potassium.

A dis cussion of the check treatnent in this experi-ment

would i-nvolve a repet,Ítion of arl that has been sald for the
similar treatment in greenhouse experiment 1. Therefore in the
following discussion, Treatrnent 2 would be discussed, in detail,
and Treatment 1 wourd be used only for compari.son.

Anal-ysis of Plant Material
Table 10 gives the data for the analyses of the plant

materi-al.

The percent potassirrm eontent of the plants increased in
all cases with addition of z5o ppm of potassium. The increase
ranged from approximately two-fold in those plants grown on

soils with a relatively higb potassium eontenË, to approxi-
mately four-fold in those plants groun on soirs with a rela-
tively 1ow potassium content. Another factor of interest is
bhat whereas in experiment I adding 100 ppn of potassium to
the soil i.n a band did not appreeiably change the percent
calcium and magnesium content of the pranüs, in experinent z

adding 2J0 ppm of potassir:m t,o Èhe soils resulted in a general
increase in the percent car-cium and magnesír¡m conüent of the
plants' The increase in percent calcium content was especially



E:cperiment 2.

Soil
Code

5:j.

TABLE 10

T-1 Check
Analvsis of Plant Material

1

)

6

7

Non-calcareous Soils
O.7f O.fi O.t+6 0.65

0.85 O,40 O.40 O.63

1.80 0.48 0.18 0.51

2.ro o.hz o.20 o.uz

Calcareous Soåls
0.85 0.67 o.t8 o.90

1.50 0.62 o.Ú o.50

1.50 0,58 0.12 0,50

o.go o.óo o.15 o.73

10

11

L2

t4

T-2 K-Banded

3.oo o.42

3.93 0.38

3.52 O.l+5

3.3O o.40

3.oo 0.58

3.ro o,h9

3.73 0.50

3.3o o,55

o.4o o.60

0.46 0"68

O.32 O.5l+

o.3h o.55

o,h6 o.8o

0.40 o.80

O.U+ 0.83

0.40 o.79

3.35 O.52 O.42 o. B2
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large on the calcareous soils. on the non-ealcareous soils
there was actually a decrease in the percent ealcium content

of the plants gro!{n on soil number I. The increase in percent

magnesir.m was not as great as the observed increase in percent

ealcir:¡r, and in the case of soil numbers l and Lo there v¡as e

slight decrease,

The increase in percent calcium and. magnesiu¡r in the plant
material was also observed in the case of the special treaËnent

T1o'

rn general, the percent calcir¡m and magnesium content of
the plants grovrn on the caleareous soils was higher than those
of the plants grown on the non-caleareous soÍrs (Treatment 2).
the plants grohn on soil nr.mbers r and 2 had simirar percent

calcir¡¡n content to those grown on the ealcareous soils.
The percent sodium contenü of the plants vúas equivalent

to the amount noted in Table 6 for experiment I.
The relatively high cation content of these pranbs Ís of

partÍcu1ar interest when one considers the small amount (per-
cent) noted in experiment 1. To explain ühis the total amount

of cations taken up by the plants was carculated. and. is rÍsted
in T¿ble 11.

A comparison of Tab1e Z and Table 1l shows that, there were

significant i.ncreases in both the total potassium and calcium

content of the plants in experiment 2 over experiment 1. The

increase in total caleiu¡n content was most obvious on the cal-
careous soÍ1s wtrere it hras approximately four-foId. In the
case of ÈoÈaI magnesium content of the plants, although there



Erçeriment 2.

Soil
Code

,,,
TABLE 11.

1

2

6

7

Non-ca-lcareous Soils

Total Cations in Plant Material (mem).

89 ''5zl

11o 762

335 7Ot+

389 698

Calcareous

Total Total

T-1 T-2 T-1 T-2

10

11

I2

14

Special)rro )

66 73

52 7h

89 90

7e 85

Soi-1s
81 t+98

297 636

227 596

Lzr 589

596

58 6g

52 89

33 6tn

37 7z

6tr 96

r23 roo

88 95

81 g8

81 104

81 r3z

95 1o8

78 116

t7 76

26 82

18 84

20 7L

93

86 r33

99 L64

76 158

99 141

rt+675
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was some inerease reeorded in experiment 2 over experiment I,
this increase was considerably less than Ëhe increase in calcium.

Thus onry in soil numbers l, 2r ro and 1l+ was the increase Ín
total magnesium of any coltsequence.

To explain this i-ncrease in total catíon content of the
plants the following suggestion is proposed: The additlon of
the large quanËity of potassir:m to the soil constituted. a source

of readily avaÍlable potassir:nn to the plants whieh they readily
utilized. Al-so when this exceptionally large amount of potas-
sium was banded in the soil, it established a zone (:banded area)
of very hÍgh potassiurn concentration in the soil. This high
potassium concentratíon in the soil wou1d. thus tend. to shift
the soil potassirrnr equilibrium, with the effect that a large
amount of potassium ions would move on to the exehange sites
of the soil colloid thus releasÍng e consÍclerable amount of
calcium and magnesium ions. These ions thus put into the soil
solutÍon wourd be readily availabre for plant ubirizatÍon.
This phenomenon would. be especially apparent on the caLcareous

soils in which the main cations on the exchange sites would. be

calcÍurn and magnesÍum.

The pereent of soil- poËassium and fertilizer potassium

used by the plants was calculated, as in greenhouse experiment l-,
and the daüa given in Tab1e \Zo

As was observed in greenhouse experiment 1 the plants in
both groups of soils made greater use of NacL extractabre
potassiun in cornparison to NH4OAc extractable potassium. Afso

the prants grown on the non-ealcareous soils used a larger
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TABLE !2.

Percent of Soil Potassiurn and Fertilizer
, - Potassium used bv Plants,. _

% sorl Kused %reruj-]:ñ
bv Fl¿nt,s -)r used bv Plants -)i

Soil NH,BAc Na C1 T-2 r¡vçL vr L-.- .10

Cod.e Exbractable Exbraetable

1

2

6

7

53.89 l+9.83

39.86 75.32

14,93 42.97

16.48 35.92

Calcareous Soils
25.72 l+8.67

10.66 53.97

23.74 33.49

r3.go 55.62

10

11

L2

14

52.O2

39.86

a9.J3

26.57

25.72

18.90

l+L.67

22.39

For calculations see Table 8.

25.55
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percenb of the NH4oAc exbractable potassium than those grovrn

on the calcareous soils. Thus as previously stated., this is
further evidence that the NH&oAe solution nÍght be exÈracting
potassium from some soils, ín particular the finer textured
soils, whieh are not availabte to pJ.ants.

In view of the fact that a relatively 1arge quantity of
the appried potassi-um was used by the prants it is conceivable

that some luxuny consumption of potassiunr might have taken

place.

.As was observed in experÍment I, the ratio Ca/K in the
planü maüerial (faUfe f3) is approxirnaËely 0.10 bo O.IJ for
optimr.rm yleld of planÈ material. This particular ratio
appears to be a characteristic of corn plants (Morden 88).

Sumrnar

Two greenhouse experiments were conducted üo study the

availability of potassium from calcareous and non-ealcareous

Manitoba soirs to prants. corn (Morden 88) was the test crop.

The better of two methods of applying fert,ilizer potassium to
thÍs crop (banding or mixing the potassium throughout the soil),
and various interactions of potassiurn with the other common

cations in the plants were also studied, to determine if these

factors would have any effect on the uptake of potassium by the
plants. A comparative study of Hzo, Nacl and NH4OAc e>ctracü-

abLe soil potassium was made to determine the best of the Ëhree

methods which might be employed in extracting soil potassiurn

from calcareous and non-calcareous soils, when the inforrnation
is to be related to avail-ability of pot,assiwn from these soils

sions of eenho nents



Erçeriment 2.

Soil
Code

59.

TAB],8 13.

ca/K

T-2

1

2

6

(

Non-Calcareous Soils
0.13

o.L2

0.09

0.10

Calcareous Soils
o.r5 o.L3

o,13

0.l4

o.L2

C,a/K

Tto

10

11

t3

Il+



60.

to plants.

The souree of potassir:n added to the soils in both

greenhouse experiments was KCI.

A consideration of the data collected in the two green-

house experiments showed that there hrere certain differences

and similarities associated with both groups of soils. In the

majority of cases the differences htere observed. for the finer
textured soils in both soil groups, while the sirnilarities
were observed for the coarser textured soils.

It was found that for equivalent leve1s of ll2O, NaCl or

NHr.OAc e¡cbracÈab1e soil potassiun the non-calcareous soÍls out-
L+

yielded the calcareous soils. It was also observed that the

plants grovûn on the finer textured non-calcareous soils had a

larger amount of potassium than those plants grown on the

finer terctt¡red calcareous soiL's. Thus ít, would appear that
soil potassiun wes more available to the plants grown on the

non-calcareous soils as compared to those grou¡n on the cal-
careous soils. This fact was flrrther emphasized when the

percenÈ soil potassium (ttU4OAc and NaCl e)ftractable K) used

by the plants was calculated. The plants grown on the coarser

tercbured soils in both soil groups used sirnilar amounts of

soil- potassium. However the plants grourn on the finer üex-

tured soils of the non-calcareous group used a larger pereent

of the soil potassiun than dld those plants groh¡n on the flner
textured soils of the caleareous group.

It was apparent from the experiment that corn (Morden SS)

requires a larger amount of magnesium relative to calcirln,
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also that for the ratio ca/rc in the plantr ât a value of
0.10 to 0.1J the best yíeIds of plant materiar were record.ed.

regardless of the soil_ type.,

corn fed best from a concentrated. souree of potassium,

thus banding the potassium into the soils was better ühan

mixing 1t throughout the soils prior to seeding. rn this
respect the planüs mad.e gneater use of the banded. potassi.urn

than the potassium mfxed. Ëhroughout Èhe soi1s. It was found.

that as the percent poüassium increased in the plants for any
one soil i^iithin a groupr the yield of plant material increased..
The yÍerd realÍzed. from banding 2!0 ppm of potassir.ur into
the soils prior to seeding was better than that realised.
from banding 100 ppn of potassÍum.

The magnesirrn and, ealcium conüent of the plants groù¡n

on any one soil remained relatively constant wÍth addition of
100 ppm of potassium in a band or nixed throughouÈ the soir.
However when 210 ppm of pot.assiurn was band.ed into the soir,
ühere was an increase in the percent c alcium and magneslr:m in
the plants.

A comparison of the three methods of ercbracting potas-
sium from calcareous and non-carcareous soils shows that
NH' oAe solution e:ctracted. a larger aqount of potassir¡m than+ svs¡v v¿ yvgq,rÐÈ.t(¿

the Nacl sorution, which in turn e:ctracted more potassiun
than the Hzo sorution. However when the amount of potassir.m

e:cbracted by the three solutions were examined with respect
to the avaírability of this potassium to plants, the Nacl
extractabre potassium gave ühe best relatÍonship in atrl cases.
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The rerationship obtalned. for the H2o extractabre potassium
hras generally good for both groups of soils; however this
method is critized¡ due to the fact that the plants use a
larger amount of potassiun than the Hzo sorution ercbracted.
The NHooAc soÌution was found to be apparently e>cbracting
large amounts of potassium from some soils which vùere perhaps
not readily available to the plants. This was partÍcularly
obvious in the ease of the calcareous soils. rn these soils
it ls assumed that not only vrere the *t,** ions substituüing
for K+ ions in the cray lattice structure, but minerarogical
decomposition of certain soir minerals was taking place in
the finer textured. soils, thus resurting in the large anount
of potassi-um e¡cbraeted.
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L^A:BORAToRY EXPERII{EM S,

Following the greenhouse experiments, a series of labor-

atory experiments were conducted to further investigate ühe

differences and simílarities observed in the greenhouse work,

with respect to the availability of potassium from cal-careous

and non-calcareous soils. The experiments were also intended,
bet.¡¿¿nto investigate the differences :|o:. HrO, NaCl and NHUOAc solut,ions

in extracting soil potassium from calcareous and non-calcareous

soils, and to deter¡nine whether there is an equilibrÍum

condition operating in the soil potassir.un systern as uras dis-
tinguished by De Turk et g1. (10) and Fox and l(acar (11).

Experiment 1.

Methods and Materials

The experiment hras conducted to evaluate the amount of
potassium remaining in the soils after cropping with corn, and

to detennine whether there was any change in the potassium

remaining in Lhe soils'upon incubatÍono

The experiment in effect is a contlnuatÍon of greenhouse

experiment 1, since the soils used were taken from the check

treatment of the latter experiment after the corn was harvesüed.

The soils vrere emptied from the pots as soon as the plants

hrere harvested. The plant ro ots were removed from each soiL

which was then thoroughly mixed. A represenÈative sample was

taken from each of the 1/+ soils and divided into two portions.
one portion was air dried and anaryzed for NH4oAc and HrO ex-

tractable poËassiuü. the other portion h¡as placed. in a 400 mL.

prastic dish and distilred ürater was added to bring the soil
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up to field capacÍty. The dish was then placed in the

incubator where it remained. for 30 days at Z5oC. At the

end of this time the samples were removed and anal-yzed for
NHçOAc and HaO extractable potassium.

Results and Discussion

Table 14 gives the data for the NH4OAc and HrO e>ctract-

able potassium determined on the soÍl.s before cropping, after
cropping, and after incubation of the cropped soils.

It was found that on both groups of soils the plants

reduced the NH4OAc and H2O extractabl-e pobassium levels of
the soíl- significantly. In all- cases the plants removed

greater than JOfo of Elne total soil potassirrm. There was

no difference between the two groups of soils with respect

to the amount of soil potassir.un removed by the plants.
ilfhen the cropped soÍ1s were incubated for 30 days at

Z5oC, both the NH4OAc and H2O extractable potassium levels
of the soils returned in most cases to their original levels,
and i-n some soils greater than the original values. On1y in
those soils in which the original leveLs of soiÌ potassium

was relatively high did it not return to the original 1eveI.

ït appears that a build-up of H20 extractable potassium

occurred in the soils upon incubatj-on. It has been suggested

that the source of .this potassir.rm might be from the exchange

sj-tes or from fixed soì.lrces of soil potassium (10, If , 29).

ïn considering the NHUOAc extractabl-e potassium, it is
observed that on incubation of the cropped non-caLcareous
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TABLE Il+.

Relationship between the original HrO and MIr,0[c exLractable K

in the soils col-Lected., -the amount õf K remain-lng in these soils
after cropping to corn (Greenhouse E>qpt'. 1, T-1), and the amount
present in tfrãse cropped soils after lncubation for 30 days aL 25oC.

Original K in Soils
trTH,OAc H^0

soir nxt,r#ta¡re ExtraÉtable

1

2

3

l+

5.

6,

7.

Non--calcar-eou s Soils
48.5 1.48

80.0 1.71

gg.o 2.39

163.0 l+"2r

363,5 5.34

6ha.o ro.92

686.0 7J.91+

Calcareous Sgils
60.0 1.48

57.5 r.b6

90.0 r.82

816.0 14.00

281.0 L+.55

187.0 2.60

25O.O 2.80

K in Soils after Cropping
NH,0Ac H^0

Exurattaute Ext,raÉtabre

I

9

10

11

12

L3

I4

25

40

hJ+

M

60

160

in Soils
NH, QA,C

raätabre

o. ¿þ0

0.48

0,50

o,52

0.60

2.00

2.1+O

0.35

0.30

0.40

3.06

T.20

1.00

0.80

after 
*"¡"kAå-

Exura3table

L75

50

80

98

L61,,

364

5l+O

575

3o

38

l+3

2ro

I12

5O

75

1.60

L,6tl

2.50

5"70

5,82

10.60

].2.30

2.LO

1.50

2.80

10.02

4.60

4.40

3.go

60

66

100

728

251+

150

278
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soils, only soil numbers 6 and l, which initially had a very

high potassium content ( 6OO ppm), did not return to their
originar potassium levels. 0n the calcareous group; of soils,
soíl numbers p, 10 and 14. showed a considerable increase over

their original potassium levels, while soil numbers 1l and 13

had lower extractable potassirrm conüents than h¡ere originally
d*æmined.

A consideratÍon of the data and the foregoing diseussion
would lead one to assume that there is an equillbrium condition
operating Ín the soil potassium system v'¡hich could be illustra-
ted thus:

A lexchaneeablel BSoilK(fíxed):--.Ksoill 1 f--ltanrKt available )-
This is as proposed by Fox and Kacar (11).

The shifts in equilibrium at A and B are strongest toward

the righü. However at A, the shift could and does move to the

righÈ regardless of the fact that there is no shift at B.

Thís Ís brorrght about by two processes--(a) The presence of
excess anions in the soil solution. This is a natural
chemicar equilibrium process. (b) þ*-tÇ the naturar break-

dov¡n of potasslum bearing minerals in the soÍIs (I).
There are no observable differences between calcareous

and non-calcareous soils with respect to the operation of the
equiribrium noted. However the shift in the equilibrium
process appears to be faster for the coarser terctured. soils
in both groups of soiLs.

Experirnent 2.



rn the previoua laboratory experiment it was observed.

that in both ealcareous and non-calcareous soils the potassÍ.r,m

system is governed by an equilibrir¡m condition. rt was also
observed that apparently the reactions within the equilibrium
operated sinilarly in both groups of soils, with respecË to the
removal of potassium by plants and by various extracting
solut ions.

LaboraÈory experiment 2 was thus designed to investigate
(1) the anount of potassir¡m that couici be removed, by a process

of continuous leaching hrith ..lN NHUOAe solution, f1:m calcareous
and non-calcareous soÍls and (z) to study the err$t of adding
potassiun as KCL to the 1eaehed soils.

The soils used in the experi:nent were those used ín the
greenhouse experiments. A 50 grll. portion of air dried soil
was taken from each soil used and placed in a 9 c¡n¡ diameter
buchner funner which was attached to an evacuating apparatus.
Each soil sa.nple was leached !,¡ith a Ëotar of JoO ml. of
IN NH4OAe solutÍon (pH=7).

The leaching process took three days. The daÍly proced-

ure r\tas as forlowst L00 mI. of NH4oAeJ solution was passed

through the soils and the amount of poüassium in t,he leachate
was measured; this was followed by a further reaching wlth
50 mr. of solution and once again measuring the amount of
potassium in the leachate. on the second d,ay a thÍrd teaching
using 50 mI. of solution was carried. out. At the end of each

day and at the end of the three day period of leachingr the

67.
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total potassiun in the leachate was carculated.. sodíum,

calcirr¡r and magnesium !òrere d,etermined on the l-ast f eachate

of the third day.

At the end, of the leaching perlodr the soirs were removed

from the buchner funnels and air dried. NH4OAe and NaCl extract-
able poüassir.ur v¡ere determined on the air dried soils.

rn the second part of the experiment onry soir numbers

1, l+, 5 and 7 of the non-calcareous group and B, II , LZ and

L3 of the calcareous group $iere used. ^A sample of each of
these air dried,soils (previously reached wiÈh NHUOAe) were

praced in ptastic dishes, and to each potassiumras K0lrwas

added in an amount equivalent to the nearest 100 ppm of the
original NH4oAc ercÈractable potassir¡m d.eterqined. on these

soils before leacrring. 'The method of ad.ding the potassir:¡r

to the soiLs was as follows: A small hore was mad.e in the

centre of the soir in each dish and the potassiun (rcr sart)
was placed. in this hole anc then covered. with soir. The

soils ürere then brought up to fÍeld capacity wlth distill_ed
water and incubated for one week at z5oc. At the end of this
time the so1I in each dish was thoroughry mixed and once again
brought up to field capacity with distilled water and incubated
at 25oc. one week after the last step the soils ùer" removed.

frorn the dishes and air dried. The aÍr dried soils were

crushed to pass a 2 rnm. sieve and sampres taken and analyzed
for NH4OAe and NaCl e¡ctractable potassium.

Results and Discussion

Tabre 15 gives the d.ata for the amount of potassium



Vol- Used
Soil Code

1.

2.

3.

4.

6,

7.

g.

9.

10.

l:l .

!2.

13.

u.

lst Day
- 100 n].s 50 m1s

48,O 15.O

76,0 r2.o

g2,o 23.O

150.0 35,O

4O0.O r35.o

59O.O 185.0

628.0 210.0

Calcareous Soils
æ

53"O 16"0

85.0 38.0

670.O 3Q5.O

zl+O,Q 85.0

L55.O 33.O

235.O 58.0

Potassium (pp*) Removed.

2,nd DaY

100 m]-s 50 mls 50 m].s

63.O

88.0

115.0

185"O

535.O

775.0

838.0

69.o

79.o

l.23.O

975.O

325.O

188,0

293"o

TABLE T5

Soils by Successive Leaching

19.0

20.0

35.O

80. 0

u0. 0

2O5.O

239.0

69,

5.O 0

2.o 0

7.O 1.0

10.0 2"o

6j.o ZJ+.o

90.0 35.o

76.0 2l+.O

Total
2nd Day

2l+'O

22.O

4l+.O

92.O

259.O

320.O

338.o

2L,O

42"O

79.o

507.O

2I5.O

93.o

148.0

a7.o 4.0 0.0

2g.o 1o.o 3.o

56.0 2O.O 3.O

3go.o 85.0 32.O

t6o,o l+6.0 9.0

67.o zz.o 4.0

92.O 41,0 15.0

1.0 0

3.O 0

5:o o

a2.o 3.o

48.0 2.o

41.0 Lz.O

67.o zL.o

4.0 0

6.0 z.o

3"O 1.0

80"0 30.0

u.o 4.0

l2.o 9.o

3l+,O 5"O

QAc pH],

Total
for

3 days

1.0

3.o

5.O

15.0

50.0

53.o

88.0

0rigi

88.0

113.O

l'64.o

292"o

844.0

1148,O

L26l+.O

9lþ.o

119"0

206.o

L592.O

568.O

296.o

480.0

Kin
Soils

K Removed
in excess

of ori-ginal

h8.5

80.0

98.0

163.o

363.o

6L&.o

696.0

óo,o

57 .5

90.0

816.0

281.0

18?.0

250.o

39.5

53.o

66.o

r2g.o

481.0

507.O

578.O

34.O

6L,5

116.0

776.O

2g/.o

109.0

230.o

4"0

8,0

4.0

.0

28.0

L5.O

39.o
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removed from the soil-s by the leaching process; also the

NH4OAc extractabLe potassium determined on the soils prior

to leaching.

It was found.that successive leaching with NH4OAc

solution removed a larger amount of potasslr.¡m from soils in
both soil groups than was originally determined on the NH4OAc

extract. The rrexcessil potassium removed by the leaching pro-

cess couLd contribute to the equiLibrium reaction d.escríbed

in the soil, potassium system in l-aboratory experiment 1. The

probable sources of this rr¡sss¡vsdtt potassium are--(1) non-

exehangeable or ltfixedtt sources as d.escribed by Fox and Kacar

(11) , (2) originated as a result of mineral-ogical decomposi-

tion of the soil- mineral fraction by the NHUOAc solution (7).

In general, bhe finer textured soils had a larger tr¡sss¡vstt

of potassium than the coarser texbured soil-s of both soil-

groups.

Table 16 gives the data for the NH4OAc and NaCl extract-

able potassiun detennined on the soils which had been previously

leached. with lN NH4OAe solutÍon, then air dried..

On air drying the soil-s their potassium content increased,

appreeiably over that determined on the tast leachate (ta¡:-e

15).

A comparison of the NH4OAc and Natl- exbraction procedure

shows that both solutions extracted similar amounts of soil
potassium. Thus on leaching the soi-ls with NH4OAc the potas-

sir¡m which had apparently returned on the colloidal exchange

in the reaction:
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TABTE 16

NH, OAc and Na CI exbractable potassium deternined. on
4

soil" which had been previously leached.'hrith 1 N NHUOAo

Él 7, then air dried.

----- NIl" tr- - Na cl
Soil Exfractable Exbractable
Code Kpprn Kppm

I
2

t

Lt

E)

6

7

Non-Calcareous Soils
10.0 10.0

10"0 10.0

I2.5 10.5

15.0 I5.5

20.o 22.o

25.5 25.5

32.O 3O.5

Calcareous Soils
1.0.0 10.0

10.0 10.5

10,5 fo.5

50,o 5o.5

20.o 20.0

r5.5 L5"5

25'5 25'o

r\(f

9

10

11

T2

T3

Ih
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K(fixed) $ K(exchangeable)

was capable of being extracted by either NaCl or NH4OAc

solutions. It was also noted that the finer te:cbured soils
Ín both soll groups had larger amounts of potassíum involved

in the shift described above than did the coarser textured

soi-Is.

In an attempt to measure the capacity of soils torfixrl
poüassium from a KtI source, potassium was ad.ded to the soils
which had been leached with NHUOAc and air dried. Tab1e L7

gives the data for the NHUOAe and NaCl e¡cEractable potassium

determined. on the soils after Íncubation. the soils used in

the experiment were soil nurnbers 1, L, 5 and 7 of the non-

calcareous group, and soíI numbers 8, 11, 12 and 13 of the

calcareous group.

The amount of potassium determined on a soil upon air
drying plus the amount of potassium added as KCI would be the

amount of potassium one would theoretically expect to extract

frorn thts soil after ineubation. This was not observed in the

experiment.

The amount of NH4OAc extractable potassium determined on

soil numbers 7 and 11 was less than the amounts theoretically
expected. Thus it is assu¡ned that these soils were capable of
ltfixingrt potassium. On examination of the mechanical analysis

data (taUte Z) of the soils it is shown that these ti^ro soils
had a relatÍvely high clay content. Therefore since a high

clay content is usually associated with a hÍgh exchange

capacity and. the ability to ttfixtr cations, this result would
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TABLE L7

Analysis of soils which had been previously leached with
1 N NH, t¡,Ac pH?, then air dried, and to hrhj.ch lt as lt uL. lÄi

added To the nearest 100 ppn of their original NH¿@.c*
exLractable K- then incubäted for two weeÈs at n 25'ü.

Soil NH4OAe Na CI
Code Exbtable Exblable

exbractable K. then incubated for two

OAc pHJ, then air dried, and to which K as K Cl. was

leached soils
in air dried

I

l+

7

10,0 10.o

15.0 r5.5

20.0 22.o

32.O 30.5

Calcareous Soils
10.0 10.0

50.0 5o.5

20.o 20.o

I5.5 15.0

I
11

L2

t3

100

200

400

700

150 r25

225 210

t+go 375

615 590

+ K (ppm) ad,ded
Airdried

A+C-D
NH4oAc ExLtable

leached
- K(pp*)

- 40.0

- 10.o

- 70.o

+ 117.0

130 100

975 6tns

335 255

2l+5 2OO

B+C-E
NaCl Extfabl

'- 15.O

+ 5.5

+ l+].Q

+ 140.5

20.0

75.O

15.0

29.5

- 10.0

+ 305,5

+ 65.0

+ 10.O
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be expected (251. It was observed that the amount of potas-

síum (NUUOlc etcLrectable) determined on the other six soils
was more than that theoretically expected. Thus it is assuned

that these soils liberated potassium upon incubati.on.

The d.ata for the NaCl exbractable potassium show that only

in soil numbers I and. I was the amount of potassium exÈracted

after incubatlon greater than the theoretical amounts e:ipected.

Thus upon incubation these soils released potassium. the other

six soÍIs apperently were capable of nfixingtt potassium in a

for-ar which was not capable of being extracted by NaCl but was

capable to sone extent of being extracted by NH4OAc sol.ution.

From the table Ít is observed ühat in general the cal-

eareous soils t?fixedn a greater amount of the potassium added

to the soils.

Experiment 3.

In laboratory experiment 2 it was observed that calcareous

soils are apparently eapable of nfixingn more added potassium

than non-calcareous soils. Therefore this experiment was con-

ducted to invesÈigate the relative abilities of calcareous and

non-calcareous soils to ttfi¡çtt potassium when it vüas added in
the fortn of KCl, and also to observe the effect of air drying on

the soil potassium status.

Two hund.red ancl fifty gram portions of each of the 14 air
dried soíls were placed in plastic dishes. A depression was

made in the soil, in the centre of each dish, and. J-00 ppm of

Methods and Materials
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potassium as KCI was added Ínto the depression. The depression

was covered. with soil and distilled water was add.ed. to bring

eaeh soíI up to approximately field capacity. The soÍls r,rrere

then incubated at 25oC for 7 days. At the end of Ëhis time the

soil j.n each dish was thoroughly mixed, to completely disperse

the KCl" throughout it. Distilled water was added to bring the

soil-s back to field capacity and they vrrere once again Íncubated

at 25oC. At the end of one week the soils were removed. from

the incubator and a sample taken from each dish and air dried.

The air dried soil samples were crushed to pass a 2mm sieve,

and then analyzed for NH4OAc and NaCl extractable potassium.

RESULTS AND DTSCUSSION

Table 18 gives the data for the NH4OAe and. NaCl erctractable

potassiun in the soils before addition of KCI and after incuba-

tion of the soils.
Theoretically Èhe amount of potassium one would expect to

extract from the soils after incubation, would be the amount

of potassium recorded in Table 3 (NH'OAc and NaCl- exbractable

potassiurn) plus the amount added as KCI (100 ppm of potassir.rn).

This, however, is not evident from Tabl,e 18.

The amount of NH4OAc and NaCl e:rbractable potassium deter-

mined on the soils within both groups was in all cases less

than the theoretically expected arnount, thus nfÍxationil of

added potassium must have taken place. It was found that the

amount of potassir¡¡r, ltfixedtt by any soil was d.ependent on

te¡cture. Thus the finer textured soils Itfixedn more potassium

than the coarser te>ctured. soils. It Ís assumed that the
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TABLE 18

Changes in the NH¿GAc and Na CI
of caJ-careous and'non-calcareous

Soil
Code

naI so:
+

ppn K

NH,
+

Extractable
Kppm

1

2

3

l+

5

6

7

asKCl
é,

Na Cl
Extractable

Kpprn

Non-Calcareous Soils
w8.5 150.0

180.0 180.0

198.0 190.5

263.0 260.2

h63.5 38o.5

7t1L.O 600. O

78ó.0 525,5

Calcareous Soils
160.0 160,0

157.5 155.5

190.0 190,0

916.0 560.5

381.0 260.0

297.0 220.2

35O.O 255.5

t-n

at

exbractable potassium
soj-ls to which 1@ ppm

SO

Exbract able E:cbract able
Kppm Kppm

250c

after i-ncubation 
@-ÞCh"treu"

for 14 days

I
9

10

11

L2

T3

].l+

7J+5.1+

L55,8

180.2

205.2

393.r

6110.o

685.3

uo.5

7-25.3

r28.6

815.1

292.7

22ß.O

2æ.2

NHUOAe Na Cl

u5.o
j-5O.2

u0.0

205.5

3O5.O

499.r

l+26.8

r28.3

120.0

110.4

460.8

160.5

140.1

180.0

K upon incubation

ractable Exbracta.ble
Kppm Kppm

3.L 5.O

2h.2 29.8

17.8 2O.5

55.O 54.7

7o.l+ 7 5.5

101.0 100,9

100.7 98.7

L9.5 22.7

32.2 35.O

6L.L+ 79.4

100.9 99"7

gg.3 gg.5

65.0 7g,g

69,8 75"5
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relatively high elay content of these soirs was responsibre

for the nfixatlonn of the added potassium (10, 18, 25r Zg)

A larger arnount of added potassium was e)cbracted by the
lüH, oAc solution than by the Nacl sorution. The ability oflþ

NH, oAe to extract more potassíum than Nacl- is due primarily toLþ

the NH, 
* iorr. This ion is approximately the size of the K+4

ion, and can enter int,o a 1;1 subsÈitution for K+ ion in the
lattice structure of crays. The Na+ Íon, due to size díffer-
ences, cannot make such a substitution and is thus capable of
exchanging for only those K+ ions which are on the coLloidal
complex. These assumptions are substantiated by the fact that
on Èhe coarser textured soils, which had a relatively low

clay content, both the NHU0Ac and NaCI solutions ÌìÍere capable

of extracting approximately equal amounts of potassiu¡n.

A compari-son of the bwo groups of soils showed. that the
calcareous soils were capable of nfixingti a larger amount of
the added potassir¡ro than the non-caleareous soils for equiva-

lent textural characteristics (faUle Z).

A study of the NHuOAc and Nacl extractabl-e calcium ar¡d

magnesium of the soÍIs, with respect to the amounts present in
the soiLs before and after the addition of potassir:n, was made.

Table L9 gives the data. The study was intendêd to obtain
information with regard to the amount of potassium ttfixedrt

by calcareous and non-calcareous soils. rt v{as found that
the amount of NH4OAc and NaCl extractable calcium and magnesiunr

in the soils increased upon incubation, thus adding potassium

to the soil must have caused a release of ealciun and. magnesium



Changes in the
and magnesium

SoiI Ca Mg

Code me/1oo gn me/too e

NH, oAc Exbractablea Ca and Mg

(r,!Í'"

TABLE 19

NHTOAe and NaCf
of éoiIs to r,¡hich

1

2

3

l+

5

6

7

8.6 1.4

25.3 5.3

l.2.4 l+.2

6.7 3.5

26.6 6.9

25.9 6.7

l+O.2 I5.O

Calcareous Soils
L3.4 3.2

I7.3 l+.6

30.2 16.8

49,5 26.5

1+Q.9 19.6

2r.2 3.9

36.0 l-.7.6

NaCl E:cbractable
Ca and Mg

Ca Mg

*u/too g ^u¡l:oos

exbractable calcium
100 ppm K as K Cl

Ca and Me) - (Ca and, Mg )
Table3 ) (afterincubatj-on)

4.0

1t r7

10.4

6.6

l-9.2

L6.6

29.7

8.1

L2.8

u.3
32.5

23.5

L7.O

l-9.2

I

9

1O

11

12

L3

14

NH40Ac

Ua, 
me/toog

2"O

5.O

h.6

3.o

6,5

6.5

].3.l+

2.7

4.O

9.6

17.8

]-.2.Lr

l+"9

11.8

NH4OAc Na Cl-

Ms **/toog canefoog

-0.4

-3 "!
-2.6

-2.!.

-8.8

-8.9

-7.O

-o.5

-2.5

-b-l+

-IT.2

-ó.)

-6.2

-ó.0

0.2

-o.3

-0.8

-]-.5

-0.9

-r.3

-1.6

-4.2

-0.8

-2.6

-6.4

-3.o

-1.1

-3.o

Na CI

ugneÂoo¡

-0.4

-l-.9

-2.O

-1,1

-2.o

-1.8

-3.3

-0.9

-3.0

-3.5

-ó.1

-6.5

-5.0

-2.7

-o.2

-0.4

-I.2

-1.0

-o.7

-I.5

-l+.4

-o.5

-0, I

-1. ó

-3.2

-2.1+

-L.g

-2.6
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ions .in the soil solution. The'se ions it is assumed wou1d.

come off the colloid exchange sites.

The amount of divalent cations apparently released from

the soil exchange sites by the addition of potassi.umr was greater

for the calcareous soils tha¡r for the non-calcareous soils;

this would. in part account fof the greater ttfixationrr of potas-

sium by calcareous soils. In the prevj-ous literature review

De Turk g[ aJ. (10) suggested that when potassium was added

in the phosphate forrn to soils, the potassium became ttfixed?t

to the soil colloid as an A1-0-F-K complex. Thus it is pos-

sible that in those soils which had a relatiuely large amount

of phosphorous (laUte 1) similar complexes cou1d. be forured,

resufting in a ttfixationlt of potassium.

Summary Aqd_ tg!çlqqÊe¡1p of taborqtory Elcperinents

A comparative study of the soil potassium status of

several calcareous and non-caLcareous soils was made in the

laboratory. Three experiments were conducted. These were

especially designed to detect differences or similaríties in

bhe soil potassir.m system of the üwo groups of soils, and

also to determine the relatj.ve merits of NHUOAc and NaCI

solutions to elcbract potassium from these soils.

It was found bhat corn removed a considerable amount of

HZO and NH4OAc extractable potassiurn from both the calcareous

and non-calcareous soils. lnihen samples of the cropped soíls

were incubated at field capaclty and ?5oC for thirty d.ays, a

general increase in both the H20 and NHOOAc erctractable soil
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potassj.um was observed. this established the idea that an

equilibrium cond,ition, similar to that described by De Turk

gg 4. (1O) and Fox and Kacar (11) might be operating within

tkre potassir¡m system of these solls. This equÍlibrj.um con-

dÍtíon appears to be operating in both the calcareous and non-

calcareous soils with equdt efficiency. However the n¡sls¿sstt

of ilfixedn potassiurn was faster from the coarser te>cÈured. soils,

although a greater amount of ltfixedlt potassium was released by

the finer textured soÍIs.

A process of continuous leaching of calcareous and non-

calcareous soils with a solution of 1N NH4OAc, pIIT r elcbracted

a considerabl¡¡ larger amount of soiL potassíwr from soils in
boüh g"uop" than was e:<tracted by a process of shaking a

1:10 soil-solution mixture for one hour (solution used

lN NH4OAe, pH7). It is assumed that a large amount of the

potassium extracted by the IeaehÍng process was due to miner-

alogical decomposj-tion as was suggested in the literature
review by Beckett (7). There vùere no noticeable differences

in the a¡nount of potassium e:ctracted by leaching from either

groups of soils; however in general the finer be>rbured soils

Ín both solI groups released the larger amounts of potassium.

When the leached soils urere air drÍed there was a notice-

able build-up of NH'OAc e)ctraetable potassíun in these soils.

It was also found that the NaCl and NHUOAc solutions e¡cbracted

simiLar amounts of potassium from the soils, whereas before

leachÍng the amounbs e:ctraeted by each solutíon vúe$edifferent

(raute 3).
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Itlhen potassium as KCI- was added to sof Is in both groups,

a larger amount of potassir¡m apparenüly was trfixedrr by the finer
te¡rtured soil-s of each group. This is apparently due to the
relatívely highr l' clay content of these soils. For soils of
equivalent texturar characteristics the carcareous soils
trfixed?r a rel,atively larger amount of added. potassiun than

did the non-calcareous soils.
Adding potasslurn as KCl to calcareous and. non-calcareous

soils resurted. in a release of NH4o.{c and Nacl exbractable

calcir¡m and magnesium ín both groups of soils upon incubation.
The largest rel-ease of the divalent cations was observed on the
calcareous soiIs.

the NH,oAc solution e>ctracted a larger ar¡ount of soil and+

added potassiwr from both groups of soils than did the Nacl
sorution. Two possible reasons are suggested for the rarger
amounts of soil potassium ercbracted by the NHOOAe soLution:

(1) This solutÍon causes some mineralogÍcaI

decomposition in sorue soils (Z).
(2) The NHr** ion is sinilar in siøe to Èhe K+ ion,

thus 1:1 substituüion of NH, 
+ ions for K+ ions4

occurs in the crystal 1attice.
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Final Summary and Conclusions

A comparatíve study of the poüassium availability to

plants was cond.ucted on several calcareous and. non-calcareous

ManÍËoba soils. The stud,y ínvolved, greenhouse and laboratory

experi-ments. A consideration of the relative meri.ts of

NHUOAe, NaCl and HrO extractable potassiurn to predict avail-
abiliby of potassium to plants grown on these soils, and an

examination of,the soil potassium system in the two groups

of soits were also investígated.

The soil,s collected were placed in two groups of seven

based on their percent calcium carbonate equivalent.

It was found that ühe NH4OAc solution exbracted more

cations fr,ona the soils collected than did the NaCl sol-utÍon;

this solution in turn e>cbracted more cabions than did the

HZO solution. A eonsideratlon of the data collected and

previous lÍterature reviewed (7) suggest that the larger

arnount of cations extracted by the NHnOAc solution could be

due to--(1) Destruction of soil minerals thus enbracting

cations which were not in readily available forms to plants.
(2) Substitution of the *tr** i.on for K+ i.on in bhe clay

laütice structure. Due to the large amount of pobassiurn

extracËed by the NHUOAc solutÍon from the finer tercbured.

soÍLs, and in particular the calcareous soi1s, relative
to the amount elcbracted by the NaCl soluËion, it is assumed

that the amount of mineralogical decomposition and/or NHr**

substitution for K+ ions, vìtras greaüer in these soils in
comparison to the non-calcareous soilso
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Based on the results obtained from the two greenhouse

experiments, it vras forrnd that the NaCl ercbractable potassÍum

gave the best relationship when soil potassium was related to

yield or potassium uptake by plants. The H20 extraction

method was inadequate since it ercbracted much less potassium

from the soils than was used by the plants. The NH4OAc

solution apparently extracted potassium from the soils which

was perhaps not readily available to plants, thus the relation-

ships involving NH4OAc extractable potasslum and yield of

plant naterial and/or toÈa1 potassium uptake by the plants

were noË as good as the relationshÍps involving NaCl ercÈract-

able potassium. Tt was also found that the plants used a

larger percent of the NaCl e¡cEractable potassium than NH4OAc

e:cbractable potassirrm.

There was some observed relationship between soil
potassium e¡ctracted by either one of the three solutions,

Na0lr NH4OAc and H20, and ter<burei the finer textured soils
in both groups havÍng the larger amounts of potassiun.

F,rorn a series of laboratory experiments involving leach-

ing and incubation of soils from both the calcareous and non-

calcareous groups, it uras assumed that an equilibri.um condition,

similar to that deseribed by Fox and Kacar (If), was governing

the potassiurn status of these soils. The equilibrium is
deseribed as:

[exchangeabl4
K (fixed)r--- Kì +-_ Ï:- K (ptants)t 

[available , s-

When potassium as KCl was added to calcareous and non-
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calcareous soils, iÈ r'ras found that the anount of added potas-

sir¡m nfixed.w by the finer textured soils in both groups of
soils was greater than the amount nfixedir by the coarser

textnred. soils. ft was also found that the calcareous soil-s

were capabre of frfixingH more added potassir.ur than the non-

calcareous soils.
A consideration of the d,ata colrected from the two green-

house experiments, wíth respect to the reratÍve availability
of potassium to corn grown on calcareous and non-cal_careous

soirs, showed thab there were certai.n differences and simir-
arÍËies associated with both groups of soÍls. The difference
between the two groups of soÍls was observed when the finer
te>cbured soils were considered while the sinilarities were

observed. for the coarser terctured soils.
Both NaCl and NH4OAc solut i.ons e:cbracted. sirnilar amounts

of soil potassi-un from the coarser textured. soils in both
groups, while on the finer terctured soils the NHUOAc soluti.on
extracted a larger amount of potassiun.

For equivalent levels of NHUOAcr Nacr and H20 e:cbract-

abLe potassíum the non-calcareous soils out-yierded the cal-
careous soils. The plants gror,rn on the non-calcareous soils
also took up a larger amount of potassir¡m than those pÌants
gro$in on the calcareous soils, for equivalent levels of
NHUOAc or NaCl extractable soil potassium.

PranÈs grown on both groups of soils responded. well to
added potassium. The best response was observed when the
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potassium was banded below the seeds prior to seedingr âs

compared to mixing the potassium throughout the soirs. The

plants took up a greater amounÈ of potassiu¡¡ from the banded

source of potassium than fronr the diffused source (K-mixed

throughout the soils).
The rat,io Ca/X in the plant, at a vaLue of 0.lO to 0.15

uras required for optimurn yield, regardl-ess of the soir type.
rn general the difference between caleareous and non-

calcareous soils is a function of te>cture of the soils corlr-

pared.. Thus coarse textured soils in both groups are similar
in most cases. thus for equivalent levers of Nacr or
NH,OAc extractable potassium these soils appear to havel+

similar Ievels of plant availabl-e potassir¡m. They also rrfix?t

only a relatÍveIy small amount of added potassium. PotassÍum

must be banded into these soils in ordei to maximj.ze yield; the
anount of potassium to be added could be determined by either
the Nacl or NH4OAc extractable potassium deterrüÍned, on the

soiIs.
Differences between the two soir groups rvere observed

when the finer te)cbured soils of both groups r,{ere compared.

rn this respect, for equivalent levels of NH4oAc or Nacl
elcbractable soil potassir:m, the non-eal-careous soils appear

to have a larger arnount of plant available potassiura. rt
was al-so for.md that the carcareous soils were capable of
trfixÍngrt a larger amount of added potassium than the non-

ealcareous soils. on these finer textured soil-s, especiarly
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the calcareous soils¡ the NH4OAc solution apparently ex-

tracted potassium from ühese soils which is not readily
available to plants, thus this method should be avoid.ed when

it is required to relate soil potassium to plant available
potassium. A better relationship is obbaíned when NaCl ex-

tractable soil potassiurn is used as a measure of plant

available so iI potassj-um.

In order to further investigate some of the results
obtained in the greenhouse, several experiments vüere con-

ducted. on a field basis in the summer of J966 by Dr. G. J. Racz,

in vhich corn was the test cropr Results from these experi-

ments were not availabl-e at the time this thesis was being

written.
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Appendix A

Composition of solution of micronutrients added to the plants'I,

2.86 g

1.81 g

0.11 g Zn CJ-,

0.O5 g Cu CIr.2HrO

O.O25 g Na Mo OU.2 HZO

The several compounds were dissolved in I llter of distil-led
!¡ater. I ml. of thi-s solution was added to 10 mI, of distilled
water and. this was used to make one application of rnicronutrients
to one pot containing 1BO0 - 2000 gms. of soils.

Composition of ivon solution added to the plants. I3.O5 gnrs of
E D T A was dissol-ved in 134 mf. of 1.0 N NaOH. To thj-s solution
was added L2.h5 gnrs of Fe S0¿.7 H20. The solution was then placed
on a shaker and shal<en for abóut tfio hours to completely dissolve
the Fe S0,.7 H^0. The solution was removed from the shaker and
ùiluted t6 apploximately 400 ml. with distilled water. It was
then connected to an air valve and air bubbled through it until
the solution was clear of precipates (approximately 12 hrs.).
The solutíon was then di-Iuted to 500 ml. The final pH of the
solutj-on would be approximaLely 5.5.

1 mJ- of this solution 1s approximaUeLy J ppm Fe .10ppm iron was
applied to each pot.

H3803

I{n C12.4}120
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