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1.

ABSTRACT

The soils of Manitoba éould be divided\into two broad groups,
calcéreous and non-calcareous, based on their percent calcium
carbonate equivalent. Previous field and greenhouse experiments
had indicated that there existed differences in the relative ease
of availability 6f soil potassium from these soils to plants.
Also that the NH;, OAc extractable potassium determined on these
soils did not adequately describe the amount of potassium in these
soils available to plants,
An investigation, including greenhouse and laboratory experi-
ments, was cbnducted to investigate these problems.
It was found that the differences with respect to the avail-

ability of potassium to plants from these two groups of soils

were dependent on the texture of the soils compared. Thus for
equivalent levels of NHhQAc and NaCl extractable potassium, the
coarser textured soils in both groups supplied approximately equal
amounts of potassium to corn. However on the finer textured soils
the non-calcaredus soils supplied more potassium to the plants
than did the calcareous soils. The finer textured calcareous
soils were found to "fix" more added potassium than the non-
calcareous soils of équiéalent texture.

It was also observed that.an equilibrium condition appeared
to be operating in the soil potassium system of these soils,

NHAOAc solut ion extracted more potassium than the NaCl
solution, which in turn extracted more potassium than the Hs0
~solution from fine textured soils in both soil groups. However

. on the coarser textured soils the NaCl and NHhOAc solutions



extracted similar amounts of potassium. The NaCl extraction
method was the best method, of the three methods used, to extract
soil potassium when the data was used to indicate the relative
amount of potassium that might be available to plants.

Corn was found to take up more magnesium from both groups of
soils than calcium. The uptake of calcium and potassium by the
plants increased with addition of potassium, however the magnesium
content of the plants remained relatively constant for any one
soil. Optimum yield of plant material was obtained when the
value of the ratio Ca/K in the plants was approximately 0.10 to
0.15.

In both greenhouse experiments it was found_that banding the
. potassium in to the soilsAbelow the seeds, gave a better yield of
plant material than mixing the potassium throughout the soil.

The amount of potassium taken up by the plants from the banded
source of potassium was larger than the amount they took up from

the diffused source,
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INTRODUCTION

In Manitoba workers in'théAfield of soil science recognize
two distinct soil groups;--(l) calcareous and (2) non-calcareous
soils, based on the percent‘calcium carbonate éqﬁivalent measured,

Several problems associated with plant mineral nutrition
have been identified with one or the other of these two soil groups;
although work has been carried out in solving these problems with
regard to the more limiting elements nitrogen and phosphorous,
it has always been the opinion of most workers that potassium,
calcium and magnesium were adequate for plant growth in these
soils,

In recent years the idea that potassium was adequate in
these soils has been severely challenged by several workers,
Soper (26) in a series of field plot trials with barley obtained
good réspénse to potassium fertilizer applications. In gree;-
house experiments conducted by Bailey (5) and Copeland (10) the
non-calcareous soils were found to be ﬁhé more productive of the
two soil types; it was also observed that there might be differ-
ences in the potassium supplying power of these soils to plants
grown on them,

Worsham and Sturgis (29) discussing the availability of
potassium to plants state/thét "the amount of available potassium
in a soil is largely limited bymthe rate at which it is liberated
from the primary minerals, by the amount of potassium that the
soil could hold in soluble and exchangeable forms, and by the
" tendency of the potassium to be changed from the soluble and

exchangeable forms to the more fixed states from which it is
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not released by the exchange reactions", this statement adequately
describes the soil-potassium system. fhe authors have proposed
- the theory of a soil-potassium equilibrium reaction, a theory
which is accepted by several workers, as the important,reactibn
in potassium availability to plants; they have also proposed
that the forms in which the potassium is present in the soil is
of importance to the equilibrium reaction, since it would direct
the shift in the equilibrium reaction.

The present study was thus initiated with the object of:
(1) Examining the potassium status of several calcareous and
non-calcareous Manitoba soils, with respect to the availability
of potassium to plants grown on these soils,
(2) Comparing two methods of applying potassium fertilizer to
éofn,

(i) Banding the potassium below the seeds prior to seeding.

(iij Mixing the potassium throughout the soil prior to

- seeding.
(3) Comparing the merits of Hp0, NaCl and NH, OAc as solutions
for extracting potassium from calcareous and non-calcareous
soils in Manitoba, when the data are to be used as a measure of

plant available potassium.
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LITERATURE REVIEW

The'relationship of the various cations in the soil with
respect to their availability to plants has been the subject of
much controversy. Potassium, one of the most important cations
and perhaps the most investigated has had its share of contro-
versy with respect to soil-plant relationship.

Plant potassium requirement is usually associated with
carbohydrate metabolism, in which the element is reported to act
as an enzyme activator. Hendricks (13) states, however, that a
much more likely reason for the potassium requirement for growth,
than for enzyme activation, is that the'potassium imparts par-
ticular configurations to some proteins necessary for their
specific functioning.

Peaslee and Moss (20) working with maize found that photo-
synthesis was strongly*affected by potassium and magnesium con-
centrations in the leaves of these plants. In the case of low
potassium content all the leaves of these plants appeared normal
and did not differ significantly in chlorophyll content; however
on some potassium-deficient plants, the older leaves showed
typical potassium deficiency symptoms, while the younger leaves
were normal, and since these young leaves were the ones examined
in the experiment, it suggested that potassium effects on photo-
synthesis occurred before visible symptoms appeared on the leaf,
They suggested that potassium deficiency of the leaf decreased
the stomatal openings, however the condition could be corrected
with application of potassium.

Jenny et al. (léa) in studying the lime-potassium problem

of soils concluded‘that lime added to the soil liberated potassium.
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York and Rogers (30) stated that although the addition of
calcium was instrumental in releasing non-exchangeable potassium,
fixation of applied potassium was encouraged by liming.

~ Worsham and Sturgis (29) working on the factors affecting
the availability of potassium in soils of the lower Mississippi
delta concluded that--(@) the high available potassium content
of some soils was assoéiéted with a high base exchange capacity,
exceptioé}occurring in soils that were completely base saturated;
(b) calcium salts added to one hundred percent base saturated
soils liberated potassium. CaSOh liberated potassium from both
acid and basic soils; (c¢) an increase in the base saturation was
associated with an incféase in potassium fixation until complete
base saturation occurred, after which there was a decrease in
fixation of potassium; (d) organic matter markedly increased the
available potassium in thé soil; this was also accompanied by a
high leaching of potassium from the soil.

Salmon (23) worked with clay and peat soils saturated with
calcium, maghesium and potassium ions in different proportions.
He measured the activity ratio of these ions in dilute equilib-
rium solutions and found from his results that, (a) a decrease in
the Ca:Mg ratio increased the strength with which potassium is
absorbed by peat, but had no effect on potassium absorption by
clays; (b) peat absorbed potassium much less strongly than mag-
nesium and calcium. Thus since calqiﬁm is more strongly absorbed
by peat than magnesium7adding calecium to these soils would release

more potassium than would be released by adding an equivalent
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amount of magnesium,

Peech and Bradfield (21) studied the effect of lime and
neutral calcium salts on the solubility of potassium and concluded
that calcium does not facilitate the conversion of the exchange-
able potassium of collodial clay into less exchangeable forms.
‘They further showed that an increase in absorbed calcium favours
the absorption of potaésium from neutral salts, while increases
in the calcium ion concentration results in the liberation of
absorbed potassium.

Other factors bearing on the release of potassium have
been studied. Bartholomew (6) and others have shown that crops
remove considerably more potaésium, in addition to that added
in manure, from plots fertilized with manure than they did from
unfertilized plots, thus indicating that the decomposition of
organic matter converts some of the insoluble minerals of the
soils into forms which could be used by plants. Jenny (16b)
however found that micro-organisms reduced the leaching of
potassium from soils as compared with sterile $ystems. He
demonstrated ﬁhat this reduction was more pronounced in the'
presence of CaCoB.

De Turk et al. (10) defined potassium fixation as the change
of water soluble or fepiaceable potassium into forms which are
neither water soluble nor instantly replaceable. They found
that during growth there was a drop in the replaceable potas-
sium but that after growth 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 conditions without pre-
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vious removal of the replaceable potassium, little change
occurred in the potassium status, even with long storage. They
distinguished an equilibrium condition operatihg in the soil
potassium system and illustrated it as K (fixed);::::r-** K
(released). When potassium was added to the soil in the phosphate
form they’observed a greater amount of fixation than when the
‘potassium was added as potassium chloride. They assumed that
the POA' group acted as a link to join the potassium to the soil
colloid as an Al.- 0 - P - K complex. Hoagland and Martin (14)
however working with barley and tomatoes found no difference with
respect to the relative amounts of potassium fixed when the
source was KCl or KZSDA'

Anderson et al. (3) stated that plants appeared to use a
definite total quantity of the three cations K*, Ca** and Mg**t
- and that any excess or deficiency of one of these ions resulted
in an increase or decrease, respectively, in the absorption of
the other ions. Based on this and similar observations several
workers have attempted to relate these cations by a series of
cationic ratios involving activity or concentration of the ions.

Beckett (7b) calculated ratios of AN Aca and AEJKE;—:—Z;;
to relate the'avéilability of labile potassium in the soil. In

another paper (7a) he used the equation ([Cr,\";]] ’: ((2:‘)) =k,

proposed by Jeﬁnyﬁand other workers. The square brackets repre-
'sent the total amount of calcium and magnesium; parentheses
represent the concentration or activities of calcium and magnesium
in the soil solution; K is the "ion - exchange constant", when

K>1 it suggests that exchangeaﬁle magnesium is less tightly
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held than exchangeable calcium. From a series of computations
on various soil types he concluded that except at specific sites
calcium and magnesium are held with approximately equal attraction
by exchange surfaces;.also that in a natural soil there are a
number of exchange sites apparently capable of showing a specific
affinity for calcium, and a smaller number of similar sites show-
ing an affinity for magnesium; once these sites are occupied
there is apparently little difference between the affinity of
the soil exchange surface for calcium or magnesium,

Gillingham (12) used fhe,Neubauer rye seedling method to
study factors affecting the net absorption of exchangeable
potassium; he found that the recovery of exchangeable potassium
was related to available nitrogen and phosphorous supplies. He
obtained increases of 72 - 100 percent in potassium uptake from
additions of phosphorous and nitrogen as P205 and NHLPNO3 res-
pectively. At high rates of nitrogen and phosphorous}the plants
were capable of extracting some non-exchangeable potassium. On
some soils however (i.e. Vancouver island soils) he got incom-
pleté extraction ofvexchangeable potassium, the.plants were
only capable of extracting 30 =~ hO percent‘of,the measured
exchangeable potassium. |

Pierre and Bower (22) from a review of previous literature
and their own experimehtai investigations suggested that the abil-
ity of a plant to obtaiﬁxéufficient amount of potassium or other
nutrient element for optimum growth depends not only on the
concentration of the element in the nutrient medium (the soil)

but also on certain environmental factors affecting ébsorptioﬁ.
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Considering the effect of’liming on the ébsorption of potassium
by plants they concluded, from a review of previous literature,
that the apparent contriddictory results reported by several
investigators as to the possible effect of calcium and/or
magnesium on the uptake of potassium was due to some extent on
the kind of plants investigated (3,8). They were also of the
bpinion that the potassium conteht of crops was undoubtedly
influenced also by the fact that liming may either decrease or
increase the water - soluble potassium content of the soil,
Ihus it was obvious, they stated, that unless the effect of lime
on the potassium water - soluble content of the soil was known,
it would be impossible to determine from such experiments whether
the decreased absorption of potassium by piants was due to a
lower amount of potassium in the solution or to an antagonistic
effect of the increased calcium concentration in accordance with
Ehrenberg's law,

The depressing effect of calcium and magnesium on potassium
absorption by corn has been advanced as a possible explahation
for the marked deficiency symptoms and the low potassium content
of this crop when grown on the high - lime soils of North-Central
Iowa. Alloway and Pierre (2) and Sanford et al. (24) have found
that although many of these Iowa soils contain 150 - 200 pounds
6f exchangeable potassium pef acre, corn showed marked potassium
déficiency symptoms and that yield may be more than doubled by
application of potassium fertilizers. They found that the calcium
and magnesium content of these plants was higher than normal

while potassium content was low. Sanford et al. (24) used the
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ratio Ca + Mg : K as the determining factor in potassium absorp-
tion by corn. Thus for Ca + Mg : K> 5, in the plant,they got a
low pot assium uptake by the plants and potassium deficiency
symptoms were observed, this phenomena they explained as being
due to a lack of a favourable potassium, calcium, magnesium bal-
ance in the plants. On the other hand for a Ca + Mg : K<{3.5 o
they obtained good plant growth, and gttributed this to the
presence of a favourable potassium, calcium, magnesium balance
in the plants. They proposed that for the area suggested by the
ratio 3.5Ca + Mg : K<5 was an indicatior_i of a state of transi-
tion between favourable and unfavourable potassium, calcium,
magnesium balance in the plants. Comparing the "High-lime soils"
and the "Normal Soils" (these differentations of“soils were
based eséentially on éefcént calcium carbonate equivalents) they
observed that there was no sensible relationship between yield
of corn and exchangeable potassium on the High-lime soils as
were observed on the Normal soils.

In an evaluation of the mechanisms governing the supply of
calciﬁm, potassium, magnesium and sodium to soybean roots,
Oliver and Barber (19) concluded that three mechanisms govern
the rate of‘supplyrofﬁnutrients fromvthe soil mass to plant
roots; these they listed as (a) root interception, (b) mass-
flow, (c) diffusion. They concluded from a review 6f'past
literature that the principal mechanism which supplies the
root with nutrient varies with the nutrient, plant species,
and the properties of the soil used. Thus for calcium, root

interception accounted for 14 - 19% of the uptake of this cation,
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while mass-flow accounted for the remaining 86 - 81%; for
magnesium root interception accounted for 12 - 14%, mass flow
accounted for 88 - 86%, in the case of this element some uptake
due to diffusion occurs at low transpiration rates; in the case
of potassium diffusion accounted for 87 - 964, thus mass flow
and root interception are of very little importance.
Fox and Kacar (11) studying the mobilization of non-

exchangeable potassium?;odium in a calcareous soil during
plant growth, reported that if the "contact mechanism" is
apparent then the extensivity of the root system is important
in potassium and sodiﬁm release from primary and secondary soil
mineréls. They found that plants grown in pots in the green-
house were éapable of mpbilizing non-exchangeable potassium,
in this capacity they found that legumes were more effective
than grasses--the reasons suggested were that legume roots
had a higher exchange capacity, greater retention of cations,
and possibly the fact that they have a more acid surface, thus
may be more effective in decomposing éasily weathered primary
minerals with the subsequent release of potassium. They found
that the grasses took up more potassium than the legumes, however
the legumes took up correspondingly more calcium. They also
proposed the following equilibrium equation for soil potassium--
K "fixed" in layer silicates = (Exchangeable + Solution)K =/ Plant K.

 Albrecht (1) showed from data presented, that the increasing
stages of soiladévelopment, vhich gives increasingly more calcium
in relation to potassium on the soil colloid clay, gives corres-

pondingly increasing potassium over calcium in the plant. In
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general he stated that the potassium and calcium of the soil
decreased as the soil becomes more highly developed. The portion
of the soil potassium utilized or available to plants he termed
"Active" potassium. This ﬂActive" potassium, he stated, is‘pro-
vided eésentially by the absorbed potassium or that supplied by
the breakdown of silt and sand fractions, thus chemical breakdown
of the clay fraction to prowide this actiﬁe potassium is of no
significance. He stated also that although calcium - potassium
ratio has been emphasized as a reflection, via the plant, of
these nutrients on the colloid complex and in the soil mineral
feserve, one must not deduce physiological functions to the
extent of exclusion of one by the other. Thus before any plant
can grow, it must have both calcium and potassium. At starva-
tion levels and even at more nearly balanced concentrations,
calcium and potassium are diréctly associated, and either one
may be instrumental in moving the other into the crop.

McEwen and Matthews (18) working with several Ontario soils
sﬁated that the supplying power of potassium in these soils was
related primarily to their clay contént. Thus since fertiligzer
‘treatments and cropping history have nb effect on the potassium
supplying power, it should not be necessary to measure potassium
power of all soils in the routine soil testing program. Thus
with a significant number of samplés a mean potassium -~ supplying
power of all soils of each textured class could be established.
On the other hand, differences in potassium - supplying power of
soils‘undoubtedly explain the fact that exchangeable potassium

levels of soils do not correlate well with crop response. to
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applied fertilizer, especially at low levels of exchangeable
potassium. Therefore for the interpretation of eXchangeable
potassium levels in terms of potassium fertilizer requirements
it would be necessary to set up different requirement tables
for soils of different texture.

Smith and Matthews (25) working in the greenhouse with
eighteen Ontario soils found that when these soils were cropped
they had the characteristic of retaining a minimum level of
'potassium which is unavailable. They also found that fine‘tex-
tured soils released more non-exchangeable potassium and main-
tained a higher level of exchangeable potassium than the coarser
textured soils,

Beckett (7a) studied the cation - exchange equilibria of
calcium and magnésium and concluded that while individual
analytical procedures may be expected to give consistent results,
different procedures give different results; and that there was
considerable uncertainty as to whether all the ions removed by
strong leaching solutions, such as ammonium acetate, would in
fact have been in exchange equilibrium with the soil solution.

Aslander and Armolik (4) working with peat soils concluded
that organic sbils do not fii potassium as do mineral soils.
They found that by previously oxidizing the organic matter in the
soil they could reduce the amount of potassium that woﬁld be
fixed; they explained this phenomena by assuming that the
acidity which developed in the soil prevented potassium fixation.
‘They found also that when organic matter was added to the soil

it competed with the mineral or inorganic fractions of the soil
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for exchangeable cations, potassium in this case. Thus because
of its greater cation exchange capacity, the organic matter
competed successfully with and diverted considerable quantities
of potassium from the mineral fractions. Thus since organic
matter cannot fix potassium, and since the-qﬁantity of potassium
in the inorganic fractions hadzkeen considerably decreased the
fixation of potassium was decreased in the soil. The organic
matter also changed non-exchangeable potassium to exchangeable
forms. They found however that farm yard manure did not lower
the fixation power of the soil for potassium; and concluded that
the beneficial effects of farm yard manure and mulching straw was
caused mainly by improved structure. Using oats as a crop they
found that this plant was a heavy extractor of potassium; also a
comparison of three methods of applying potassium showed that
broadcasting potassium was not as efficient as banding it, and
that mixing the potassium throughout the soil was not as effective
as banding it, relative to plant growth and response,

Walker (27) studied the effect of various environmental
conditions on pétassium fixation and concluded that successive
wetting and drying of soils greatly increased potassium fixation;
also that heating soils to 105° ¢ resulted in fixation of 45%
of the potassium which was formerly exchangeable. When he added
potassium to the soil as KCl he found that on air drying, approxi-
mately 28% of the potassium added was fixed. Like Aslander and
Armolik (4) he showed that adding organic matter to the soil
not only”réduced potassium fixation but also changed non-

exchangeable potassium to exchangeable forms.
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GENERAL METHODS AND MATERIALS
DETERMINATION OF K, Na, Ca and Mg ON THE SOILS

’Three different extracting solutions were used to extract
the cations K+, Na+, ca’* and Mg++ from the soils used in the
experiments:

Solution #1 - 1.0 N Ammonium Acetate pH 7 plus 250 ppm

of Lithium Nitrate,
Solution #2 - 2,0 N Sodium Chloride plus 250 ppm
of Lithium Nitrate,

-Solution #3 - Copper free distilled water plus 250 ppm

of Lithium Nitrate.

The general procedure emplbyed in extracting the cations
was:. similar in all three caées: _

10 grams of air dried soil, previously ground to pass through
a 2 mm sieve, was placed in a SOO‘ml. shaking bottle, to this was
added 100 ml. of ﬁhe extracting solution,'and the mixture placed
oh a rotating shaker and allowed to shake for one hour.

In the case of the water extract the mixture was then trans-
ferred to 250 ml. centrifuge tubes and centrifuged at 1000 rpm for
five minutes. The solution was then filtered through #42 filter
paper. The ammonium acetate and sodium chloride extracts were
removed from the shaker and filtered through #1 filter paper.

An extract was taken from the various soluﬁions thus pre-
pared and potassium and sodium were determined by Flame Photo-
metry using the ﬁaird Atomic KY2 Flame Photometer.'

Calcium and magnesium were determined by EDTA (disodium salt)
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titrations, on separate extracts; the indicators employed were
Erio Black T for calcium plus magnesium, and Cal-Red for calcium
titration.

DETERMINATION OF THE SOILS PHYSICAL CHARACTERISTICS

The texture of the various SOils used were determined by
‘the Mechanical Fractionation Method as outlined by Jackson (15).

DETERMINATION OF CATIONS K, NA, Ca and Mg IN THE PLANT MATERIAL

All determlnatlons were made on a dry weight basis. The
plant material having been harvested was allowed to air dry for
three days, it was then transferred to an oven where it was
dried at 60°¢ for two days. The oven dried material was weighed
and ground.

The extracting solution used for the determination of potas-
sium and sodium was similar to solution #l1 used for the soils
(1.0N NH,OAc pH 7). The plant material-extracting solution
ratio employed wasdl:SOO (0.2g of plant material in 100 ml of
solution). The mixture was allowed to shake for one hour on a
rotating shzaker, the solution was then filtered off using a #1
filter paper., Aliquots were taken and both potassium and sodium
determined by Flame Photometry on the Baird Atomic KY2 Flame
Photometer. | |
o Calcium and Magnesium were determined by the dry ash and
EDTA (disodium salt) titration method as described by Word and
Johnson (28).

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE SOILS

Tablesl & 2 give: the location, soil type ahd general

physical and chémical composition of the soils used in the
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greenhouse and laboratory experiments.

Fourteen soils were collected and used in the greenhouse
and léboratory experiments. The soils were divided into two
groups of seven, based on their percent calcium carbonate
equivalent. Those soils having a percent caleium carbonate
equivalent'of'two or greater were placed in the calcareous
group, and those with less than two percént caicium carbonate
equivalent were placed in the non-calcareous group.

The soils were collected in the spring of 1965, and were

taken from the O - 6" depth. The sites chosen from which soil
was collected were in areas which were being cropped in the
summer of 1965. |

Three criteria were used in collecting the soils:

(a) The percent calcium carbonate equivalent of the soils,
such that two groups of seven soils were collécted.

(b) A grad:iation in texture of the two groups of soils.

(c) A range in the ammonium acetate extractable potassium

in both groups.of soils.
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TABLE 1

Some Characteristics of the Soils Used

Soil Area Soil Soil Conduct 4 % 0-6" P
Code collected Association pH -ivity 'CaC03 Organic NO3=N  ppm

from or Seriesi mmhos eguivalent matter ponm

Non-Calareous Soils

1 Dauphin Miniota 6.7 0.26 0.32 1.86 1.2 14.0
2 Giroux Poppleton 7.0 0.34 0.91 3.13 1.0 1.1
3 Carman Almassippi 6.9 0.38 0.11 2.55 7.1 5.3
L Sidney Stockton 5.7 0,22 0.05 2,64 1.7 16,8
5 Carberry  Wellwood 5.5 0,53 0,10  8.53 20.h 2.2
6 Morden Altona 6.9 0.53 0.18 6.24 13.3  12.3
7  Carman Almassippi 7.0  0.50 1.37 5.55 10.9 10.3
Calcareous Soils
8 Giroux Pelan 7.3 0.43 5.62 1.64 6.5 13.4

9 Elm Creek Almassippi 7.6 0.53 2,49 2,53 11,7 3.6
10 St, Rose Plum Ridge¥* 7.8 0.46 37.53 5.55 14.9 2,7

11 Steinbach Steinbach 7.4, 0,61 3,00 7.17 3.5 37.8

12 Teulon Lakeland¥#* 7.7 O.45 16,92 7.39 L.l 13.1
13 Carman Almassipﬁi 7.8  0.40 2.54 2,13 7.1 16,3
14 Teulon Balmoral¥ 7.7 042 15,02 2,04 8.6 Le5

Description of the soil associationsand series listed are given in the
"Report of Reconnaissance Soil Survey" numbers 4, 5, 7, 9 and 12, published
by The Manitoba Department of Agriculture and Immigration and The Canada

Department of Agriculture.
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Mechanical Analysis of Soils

.

Soil % % Texture -
_Code Sand Silt Clay
Non-Calcareous Soils
1 94,66 3.67 1.66 Sand
2 8l.73 5.53 12.74 Loamy Sand
3 83.83 10.83 5.34 Loamy Sand
L 69.20 18,50 12.30 Fine Sandy Loam
5 14.20  55.93 29.84 Silty Clay Loam
6 60,78 25,89 13.32 Very Fine Sandy Loam
7 3hotb  L4OLL 25,10 Loam
Calcareous Soils
8 89.67 7.60 2,73 Sand
9 69.75 20,35 9.90 Fine Sandy Loam
10 16,60 70,65 12.74 Silt Loam
11 15.43 33.8, 50.73 Clay
12 15,46  57.09 28.45 Silty Clay Loam
13 78.82 16,00 5,18 Loamy Fine Sand
14 37.23  50.64 12.13 Silt Loam
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Discussion and General Conclusions based on the
Analytlcal results obtalned for the soils

Table 3 gives the data for the chemical analysis of the
various soil extracts for the cations K', Na*, ca** and Mg**.

A consideration of the data presented in Table 3 was made
to evaluate the merits of the extracting solutions to extract
"plant-available" potassium from the soils. The results indi-
éaﬁed that the NﬁAOAc solution removed more cations than the
NaCl solution which in turn removed more cations than the water
sblution. With respect to the removal of individual cations, the
NaCl and NH, OAc solutions removed similar amounts of potassium
from the coarse textured soils, which had very low to low levels
of soil potassium; however on the finer textured soils the
NHAOAC solution was the greater extractor of potassium. These
soils also had high to very high levels of soil potassium. The
amount of potassium extracted by the water solution was also
largest for the finer textured soils.

With respect to the amounts of caleium and magnesium

extracted by the various extracting solutions, there were no

in texture of the soils.

A consideration of the two groups of soils showed that the
NHAOAc solution extracted more calcium and magnesium from the
calcareous soils than did the NaCl solution; on the non-calcareous
soils the NHhOAc solution extracted more calcium than the NaCl
solution, however both solutions extracted similar amounts of

magnesium within experimental error.
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It is assumed that the cations extracted by the water
solution were those present in the soils in soluble or very
easily extractable forms, thus relativély more magnesium was
extracted than calcium. The former ions being much more soluble
. and less tightly held on the soil exchange sites (7b).

The high cation extracting power of NHAOAC on_the soils
used in the experiment and in particular the calcareous
group of soils could be attributed to chemical decomposition
of some soil minerals such as CaCO3 and other trapped minerals
in the clay lattice structure.v Also since the NHA+ ion is
of a similar size to the XK' ion it is assumed that the NH4+
ion could enter in to the lattice structure of the clay minerals
in a 1:1 substitution for K¥ ions, which had formed part of
the mineral's lattice structure and were not on the exchange
sites, q

The sodium chloride solution, it is assumed, was not
capable of causing similar minéralogical decomposition (7a),
thus resulting in a small amount of cations being extraéted.

There is evidence of some relationship between texture
A(Table 2) and soil potassium. Thus the coarser textured soils
in both soil groups had the smaller amounts of extractable

soil potassium.
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‘TABLE 3
Cations extracted from the soils by the use of three.different extracting

solutions - NH; QZA&, Na Cl and water

N, Ohc Extractable Water Extractable NaCl Extractable
Soil K Ca Mg Na K Ca Mg Na K Ca Mg
Code ppm Me/ Me/ ppm ppm  Me/ Me/ ppm ppm Me/ Me/
100g 100g 100g 100g 100g 100g
Non-Calcareous Soils
1 48,5 8,2 1.6 7.5 148 .56 1,12 45 50,0 3.6 1.8
80.0 23.2 5.0 10,0 .71 L4 W76 9L 80.0 10.8 4.6
98.0 9.8 3.4 7.5 2,39 .8, .88 .68 90.5 8.4 3.4

163.0  4eb 2,0 T.5 4.2 .95 .76 .45 160.2 4.5 2.0
363.5 17.8 . 6,0 13.0 ~ 5.3h 76 500 91 280,5 17,2 5.8
6,1.,0 17,0 5.4 10,0 10.92 .91 .52 .91 500.0 14.8 5.0

~ O ot T WwWN

686.0 33.2 13.4 50.0 1194 .52 46 3.41 h25.5 22.4 9.0

Calcareous Soils

8 60,0 12.9 2,9 12,0 1.48 .52 .56 3.41 60,0 7.2 2.2
9 57,5 1,.86 3,8 18,5 .46 40 .56 1.82 55.5 9.8 3.2
10 90,0 25,8 14.2 20.0 1.82 .36 .12 1.82 90.0 10.8 8.0

11 816,0 383 20,1 165.0 14,00 .38 .20 8.00  460.5 26.1 14.6
12 281.0 32.6 16.6 66.0 L.55 .76 34 6.14 160.0 17.0 10.8
13 187,0 15.0 2.8 12,5 2,60 .68 .40 1.36 120.2 9.0 3.0
1, 250.0 30.0 14.6 21.0 2,80 .36 .26 1.82 155.5 16,5 9.2
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The percent cations, based on me/100 gms., extracted by
both the NHhOAc and-water solutions are given in Table 4.

The percent of relatively water soluble forms of the cations
varied considerably in both soil groups. In the non-calcareous
soils the percent potassium was always larger than the percent
sodium. Only in soil numbers 1, 2 and 3 was the percent magnes-
ium greater than the percent calcium. On the calcareous soils the
percent calcium was greater than the percent magnesium except in
soil numbers 8 and 9; also in soil numbers 8, 9, 10 and 14 the
percent sodium was greater than the percent potassium.

The preponderance of percent cations for the NHAGAC extract
are in the order Ca**> Mg**> K*> Na*, for both groups of soils.
‘This solution also extracted a larger,peréent calcium than did the
water solution. For equivalent levels of actual NHhOAc extract-
able potassium in both soil groups (Table 3), the calculated per-
centages for the non-calcareous soils were larger than for the
calcareous soils.

In general the only observable differences in the two groups
of soils are - (a) The calcareous soils have a higher percent cal-
cium carbonate éqﬁivalent than the non-calcareous soils, (b) The
amount of NaCl and NHAOAc extractable calcium and magnesium'ions
from the calcareous soils was in general larger than the amounts
extracted from the non-calcareous soils. (c¢) The amount of water
extractable magnesium from the non-calcareous soils was larger
than the amount extracted from the calcareous soils,

In general one could classify the fertility of the fourteen

soils as ranging from very low to high.
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TABL

E 14-.

Percent cations (me/100g) in the soil:~ NH,®Ac and Hp0 extractable

NHAGKC Extractable

HZO Extractable

Soil & % % % % % % %
Code K Na Ca Mg X Na Ca Mg
Non-Calcareous Soils
1 121 0.30  82.41 16,08 0.32 0.12 33.22 66,43
2 0.7 0.4  8L.55  17.57 0.36 0.33 36.41 62,90
3 1.85 0.22 72,70  25.22 0.35 0.16 48.58 50,90
L 5.60 0.43 65.25 28,37 0.6l 0.10 55.1, Ll o12
5 3.48 0.24 72,00 24,27 1.07 0.31 59.48 39,13
6 6.81 0.17  70.60 22.43 1.90 0.23 62,42  35.45
7  3.62 O.45 68,34 27.58 3.30 1.6 56.19 38.90
Calcareous Soils
8 0.9 0.31 80,75  18.00 0.35 1.35 k7.3h 50,96
9 1.22 0.42 78,60  20.18 0.39 - 0.81 41,16 57,63
10 0,57 0.20 64,00 35.23 0.93 1.61 73.10 24,37
11 3.41 1.18 62,49 32,92 5.51 5.35 58.40  30.78
12 1.43 0.54  64.93  33.06 2,00 1.34 66.78  29.88
13 2,25 0.64  8L.83  14.87 0.62 0.39 62.32 36,66
14 1.4 0.20 66,18  32.21 1.35 1.48 67.28  29.90




26.
GREENHOUSE EXPERIMENTS

Experiment 1

Methods and Materials
A greenhouse experiment, using corn (Morden 88) as the
crop, was designed to study:
{a) The relative availability of potassium from both
" groups of soils.

(b) The effect of adding fertilizer potassium to these

soils on the uptake of potassium, calecium and magnesium.

(c) The best method of applying fertilizer potassium,
either banding it below the seed or mixing it through-
out the soil prior to seeding.

(d) The relative merits of the three cation-extracting
solutions, NHj,OAc, NaCl and water, for predicting
soil potassium availibility to corn.

- The soils used in the experiment were those previously
discussed. 18OQ grams of air dried soil was mixed thoroughly
and added to each of the one-half gallon glazed porcelain pots
in which the crop was to be grown. A total of 126 pots were
prepared. The experiment consisted of three treatments rep-
licated three times. The three treatments in the experiment
were: Treatment 1, a check treatment (no potassium fertilizer
added) ; Treatment 2, a potassium fertilized treatment in which
100 ppm of potassium as KCl was mixed thoroughly throughout
the soil prior to seeding; Treatment 3, a potassium fertilized
treatment in which 100 ppm potassium as KCl was banded one-half

inch below the seed depth prior to seeding.
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At the time of seeding, July 6, 1965, 20 ppm of phosphorous
as_NHthPOh was banded in all the pots at a depth of one~half
inch below the seed depth. Four corn seeds were placed in each
pot at a depth of one-half inch below the surface of the soil.
The pots were placed in the greenhouse and the soils brought up
to field capacity with distilled water. The pots were Kkept at
optimum moisture condition for plant growth throughout the
experiment. Micronutrients were added in a solution form to
all the poté, at periodic intervals throughout the experimenf,
to off-set the lack of these elements in the distilled water
with which the plants were watered. The micronutrient solution
was made up according to the method suggested by Machlis and
Torney (17). Appendix A gives the concentration of the various
elements used in making up the solution. 20 ppm sulphur as
NHASOL was added to all the pots as a surface application immed-
iately preceding the seeding of the corn.
| The élants emerged on July 1lO0th. Two days after emergence
nitrogen as NHANO3 was added to all the pots in a concentration
sufficient to bring all the pots up to an equivalent amount of
nitrogen, i.e. 25 ppm nitrogen. Three more additions of nitrogen
as NHANO3 were made during the course of the experiment, at each
time; which was about eight days apart, 50 ppm of nitrpgen was
added.

On July 20th, the pots were thinned to leave only two corn
plants per pot; wire props were also inserted to keep the plants
upright.

About August 8th, the plants grown in soil numbers 1 and 11
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were observed to be developing a chlorosis at the base of the
leaf, which kept extending up the leaf blade towards the apex.
The chlorgtic condition persisted after an application of
25 ppm of nitrcgeh as NHASO . It was thus assumed that the
condiﬁﬁn might be due to lack of some other mineral element,
thus on August 13th, 5 ppm of copper as CuS0,.5 Hy0 was added
to all the pots. The chlorotic condition of the plants in
soil numbers 1 and 11 disappeared aftér only three dayse.

The plants were harvested on August 26th, 50 days after
seeding. The plants were cut.off at.the soil surface and were
chopped in approximately one-quarter inch lengths and placed
- in paper bags to air dry. When air dried, the plant material
was oven dried at 60°C for several hours, then cooled 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 ground
plant material and analyzed for potassium, sodium, calcium and

magnesium,

Eesults and Discussion
The avérage yields of plant material in'grams of oven dry
weight, and the percent yield for the fertilized treatments are
given in Table 5.

Yield of plant material

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 listed in Table 5. |

It was found that while within any soil group there existed



Experiment 1,

Average yield of plant material (oven dried) in grams and percent
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TABLE 5,

vield of fertiliged treatments,

+ +
Soil T ~1 T~2 T-3 % Yield @ Yield
Code Check K-mixed K~Banded T-2 T-=3
Non~Calcareous Soils
1 9.34 e 9. 47 e 10.38 ey 98,63 89.98
3 13,67 dl 15,62 ¢y 15,71 d2 87.52 87,01
L 16,03 ¢y 17.64 b2 , 18,12 s 90, 87 88.47
.5 17.33 bcl 18.54 b2 20. 46 b3 93. 47 84.70
6 19.82a,  20.25 a, 28 ay 988 79.82
7 17.99 by 18,57 by 2L.13 b,  96.88 85.14
Treat
Average 14, 93% 4 15.86% , L7.45% 5
Calcareous Soils
8 12,12 dy 13.20 d, 14.83 ds 91.82 81.73
9 9.80 e, 12,21 4, 13.53 d3 80.26 72.43
10 6.97 0 8,60 e, 8,81 e, 81.05 79.11
11 26,40 ay 2l 43 ay 25,11 a2 108,06 105.14
12 14.82 cq 16,96 b2 18, L0 b3 87.38 80.54
13 15.51b; 16k by, 16.93c, 9h3h  9L6L
1L, 12.73 d1 15,31 c2 17.03 c3 83,15 Th,'75
Treat
Average 14, 05% 1 15.31% 5 16,38% 3
Note: TYield accompanied by the same letter a, b, ¢, d or e in any one treatment and

for any one group of soils are not significantdt P = .05 (Duncants Test, )
Yield accompanied by the same number 1, 2 and 3 for any one soil within a
group are not significant at P = ,05 (Duncants Test,)

% No significant differences at P = ,05 (Duncants Test,) when treatment
averages were compared between groups.

+ Check - T
Fertiliged - T

x 100 = % Yield
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differences among soils with respect to the amount of plant
material produced; the greatest and most consistent differences
were recorded between individual treatments within a particular
soil group, thus treatment three was better than treatment two
which in turn was better than treatment one. There is no sig-
nificant difference between the amount of plant material produced
by both groups of soils when they are treated as individual units.

The percent yield data was determined by calculating the
yield of the check treatment as a percentage of the yield of the
fertilized treatments. The data indicates that except for the
plants grown on soil number 11 in which 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 seeding. A comparison of soils from both groups
which had comparatively low but similar amounts of soil potas-
sium as determined by both the NHhOAc and NaCl extraction pro-
cedures, revealed that adding potassium to these soils resulted
in a lower percent yield for corn on the Calcareous soils,
whether the potassium was banded or mixed throughout the soil
as compared to the non;calcareous soils.

Figures 1, (A), (B), and (C) show the relationship between
yield of plant métériélnand extractable soil potassium, as was
determined on the three extractions; water extract, NaCl extract
and NHAOAc extract respectively. ;

The three sets of figures (A, B and C) show that for both

groups of soils there exists a good relatiénship between the



ca levelling off 1n yleld w1th 1ncrease 1n SOll peta331um, as
determined from the three extractlon procedures used. ‘T
'levelllng off in yield occurs at'epprox1mately‘16,gremsflﬁ_f5f
_plant material in all three curves, this corresponds to g
approximately 4 ppm of water‘extrectable potassium;eISO{épm Y
of NaCl extractable potassium and 200 ppm of NHhOAc extract,bleﬁ;;>

potassium. BExcept for soil number 11, the tendency for a

levelling off in yield w1th 1ncrease in extractable soil potes-:i;“

sium was also observed from the flgures for the calcareous

group of soils., However the levelling off p01nts on these/

figures are not as obvious as the points on the flgures fd 
non-calcareous soils, ‘ |

The very’high yield recorded in thetCase of soil»hﬁmbj
is attributed to the exceptlonally high fertility of thlsf
as is recorded in Tables 1 2 and 3.

Analy31s of Plant Material

Table 6 gives ‘the data for ‘the analy31s of the plani
‘materlel. The percent pota331um in all the plants 1ncr
100 ppm of pota851um was added to the so6ils. This- 1ncre
greatest when the pota351um was banded 1nto the s01ls; 
to the treatment in which it was mlxed threughout the;so

‘Thus one could ‘assume that corn. fed best from a concent

:”Qﬂsource of pota551um rather than from a dlffused sou ce







0.53 0.50 0.52 0.72 1.2 O.45

2 073 0.45 0.5 0.65 1.5 0.5
3 070 0.65 0.32 0.62 0.89 0.53
L 1.00 0.55 0.16 0.40 1.50 0.40

5 1.39 0,60 0.17 0.42 1.56 0.48
6 179 0.40 016 040 1.93 0.32
1 vk‘vz.Qs 0.40 0.20 0.41 2,11 0.28

‘, Calcareous Soils

8 0.58 0.55 0.4, 0.64 1.04 0.49

9 0.43 0.65 0.38 0.60 0.8, 0.62

10 0.69 0.65 0.18 0.97 1.35 0.56
11 153 0.54 0,10 0.48  1.73 0.45
12 1.00 0.60 0,10 0.49 1.08 0.5,

13 0.65 0.55 0.20 0,53 1.09 0.45

1, 0.83 0,60 0.17 0.56 1.25 0.50
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Contrary to thls, the percent ca

‘non-calcareous'soils.

~content of the plants grown on theynon calcareous soils w.
hlgher than for those grown on the calcareous 50113.

In both groups of 301ls the percent magne51um

.the plants grown on any one 301l'was relatlvely constan

';three treatments;‘ Thus addlng potas31um in a bandkor

71t throughout the 30115 had no effect on thelrelatlve

an avallable form.

Figures 2 (A), (B), and (C)fshow the rela ons
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sium which are watér'extractable.
There was no observed relatlonshlp between the percen

’NHAOAC extractable soil pota531um and percent plant pot3551um

This is further evidence that the NHAOAC solution is capab

eﬁmracting cations from some soils which are unavailable to
plants.
A comparison of the two groups of soils shows that‘fo,
equivalent levels of percent HZO extractable pota531um,‘plan
grown on the finer textured non-calcareous soils had a hlg
percent potassium content than those grown on the finervtex‘
tured calcareous soils. Thus apparently a larger portiéh £
the potassium extracted from the non-calcareous soils ﬁés
available to the plants.

The percent sodium content of all the plants generall:
decreased with addition of fertilizer potassium (Téblété
relatively high sodium content of the plants grOWn on S§ils“

Numbers 1, 2, 3, 8; 9, 10 and 13, in comparison to the relat

dow potassium content of these plants; for the check treatment
could have resulted from a substitution of sodium fér'pbtass
in the plants' nutrition. This condition would result in
physiological damage to the plants and could account in par

for the reduced yields obtained.
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TABLE 7.
Experiment 1.

Total cations in plant material (mgm.)

Soil Total Potassium Total Sodium  Total Calcium Total Magnesium
Code T-1 T-2 T-3 I-1 T-2 T-3 T-1 T-2 T-3 T-1 T-2 T-3

Non-Calcareous Soils /

1 50 117 131 47 A3 47 L9 52 53 67 58 67
2 76 126 138 47 49 46 K7 50 54 67 60 75
3 96 139 157 & 8 79 We 42 42 8 69 9
L 160 265 272 88 71 69 26 29 31 6, 7L 96
5 241 289 327 kb 89 72 28 29 29 73 74 108
6 355 391 L9479 65 &7 32 38 37 79 87 122
7 369 392 473 72 52 63 36 35 34 7 80 97

Calcareous Svils

8 ~ 58 133 157 67 65 67 53 58 56 78 59 &
9 42 103 122 6, 76 70 37 55 54 59 61 91
10 L8 116 122 L5 L8 L4 13 23 23 68 L 72
11 LOL 423 439 143 110 100 26 23 20 127 128 136
12 148 183 202 89 92 86 15 28 26 73 127 136

13 101 179 196 85 74 71 k7 36 34 8 77 93
14 117 191 221 76 77 9% 22 3L, 32 64 98 111
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grown on the non-calcareous soils generally had a larger
potassium content than those grown on the calcareous soils,
This tendency was also observed for treatments two and three,
The total amount of magnesium and calcium in the plants remained
relatively constant with addition of potassium to any one soil
in a particular group. |

Using the data collected in Tables 3 and 7, the percent
of soil potassium and applied potassium used by the plants
was: calculated and the data given in Table 8. The table was
constructed using the data for\NHhOAc and NaCl extractable
soil potassium.

The plants used more NaCl extractable potasSium in com-
parison to NHhOAc extractable pétassium. This fact is partic-
ularly obvious for those plants grown on the finer textured
soils. This is furtheruevidence of the fact that the NHhOAc
solution was extracting potassium from these soils which is
unavailable to plants. This_isvpérticularly true in the case
of the calcareous soils, since on these soils the plants used
a smaller»percentage of the NHAOAc extractable potassium than
they did on the noh-célcareous soils; also a review of Table 3
shows that the percent NHLOAC extractable potassium used by
the plants decreases with increase in the amount of NH, OAc
extractable potassium determined on the soils. In general
the plants grown on the non-calcareous soils also made greater
use of the NHjOAc extractable soil potassium.

The percent of NaCl extractable soil pgtassium used by

the plants grown on the non-calcareous soils was relatively
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TABLE 8,

Percent of soil K and Applied K used by Plants.,

% soil K used % applied K used
by plants by plants +
Soil NHZP"AC NaCl T T - 2 T - 3

Code Extractable K Extractable K K-"mixed" K-"Banded®

Non-Calcareous Soils

1 29. 9% 28,90 19.42 23.49

2 27,54 27,54 1o 49 17.97

3 28,40 30.77 12,46 17.68

b 28,46 28,93 30,43 32,46

5 19.25 244,89 13.91 24,92

6 16,06 20.58 10.43  40.28

7 15.59 25,1 6,67 30,14

Calcareous Soils ’

8 28,02 28,02 22.89 23,69

9 21,21 21.99 17.68 23.18
10 15.43 15,43 19,71 21,45
11 14.35 25 .45 5.51 10,14
12 15,27 26,81 10.14 15.65
13 15.65 24.33 22,60 27.53
1l 13.55 21.82 21 4l 29. 6L

%Plggﬁcﬁ-ggm%
% Soil K used by plants = x 100
: ( Soil K mgm)
(Fertilized~T) _ ( Check-T )
( Plant K mgm) (Plant K mgn)

+ % Applied K used by plants = x 100
o ‘ (Applied K mgm)
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constant, ﬁithin experimental error. This is also observed
for the calcareous soils. However a comparison of both soil
groups shows that the plants grown on the finer textured non-
calcafeous soils made better use of NaCl extractable soil
potassium than those grown on the finer textured calcareous
soils, This could be due to fhe fact that these non-calcareous
soils possessed a greater quantity of plant-available potassium,
or that the caléareous soils "fix" potassium due to the presence
bf large amounts of absorbed calecium (21).

The plants grown on both groups of soils used more of the
soil potassium”(NHAOAc and NaCl extractable potassium), than
they did of applied potassium when the potassium was mixed
throughout the soil. When the potassium was applied in a band
below the seeds prior to seeding, the percent of applied
potassium used by the plants increaséd markedly.

In general, the plants grown on the finer textured‘soils
made greater use of applied potassium from a band than did the
plant s on the coarser textured soils. In this respect plants
grown on soil numbers 8, 9 and 10 in the calcareous group
used more of the applied potassium than those plants grown
on soil numbers 1, 2 and 3 of the non-calcareous group.
Similarly plants grown on soil numbers 4, 5, 6 and 7 of the non-
calcareous group used more of the applied potassium than did
_the plants grown on soil numbers 11, 12, 13 and 14 of the cal-
careous group. Therefore one could assume that the finer
textured calcareous soils are capable of "fixing" more potas-

sium than the finer textured non-calcareous soils.




“The r latlvely small,amo t o plied : S€
the plants grown on the coarser textured non- calcareous s01l
resulted from the fact that addlng water to the pots prlor t
germlnatlon of the seeds, resulted in a dlffu51on of the

potassium placed in a band into the soils, thus the plants,{ v

the tlme they were able to utilize soil nutrlents, were feedlng

from a diffused source_of potassium, in effect similar to the
source in treatment two. A similar explanation could be applf
to the coarser textured calcareous soils. Therefore the ess
differences between these two groups of soils with respecta
availability of potassium to-plantskis apparently related ln’
degree to their texture. Thus coarse textured soils in both
groups could be expected to behave essentially alike, Whilé7on
could expect to observe differences in the finer textured soi
of both groups.
| Figures 4, A, B and G, were constructed to evaluate whlc;
of the three methods used to extract soil potassium from bot:
groups of soils gave the best relatlonshlp when extractable
soil potassium Was compared with the total amount of potassium
the plants removed from the soils. _
The water and NaCl eitraction methods, Figures 4, A au
were comparable in relating‘totel plant;potassium with eXtract
able soil potassium. However in the case of the water extrac
able potassium the plants removed a larger smount of potasSi
from the soils (Table 7) than was extracted by this solutlon.

Thus it is assumed that the plants fed from sources other tha

_water soluble pota331um, namely exchangeable pota851um soury(
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experlment 1 revealed thatkpota531umfwes perhaps.l m1t
‘on some of the lower yleldlng 301ls. It was also observe
the yield of plant materlal from 3011 number lO was except
‘ally low. Thus,with the idea of 1nvest1gat1ng these fac

‘also to further the Qbservations‘with respect to the:dlf

ences and similarities between calcareous and non-calcareous
soils observed in greenhouse experiment 1, an experiment
initiated in the greenhouse using corn (Morden 88)

crop on eight soils.

soils were prepared in the same mahner askthetldeSCribed
experiment 1, and 1800 gram portlons of alr drled soil
weighed into flfty one one-half gallon glazed porcelaln

,The experlment consisted of two treatments repllcated three

;tlmes, in the case of soil numberle there was afthlrd

ment. The treatments in the experlment were: Treatment




L9.
number 10, and which would be referred to as T1p», consisted
of 250 ppm of potassium as KC1 mixed_throughout the soil,
plus 250 ppm of potassium as KCl banded 6ne-half inch below
the seed depth,

At the time of seeding, December 11, 1965, 4O ppm of
phosphorous as NHAHZPOA was mixed throﬁghout the soilrin each
pot. Four corn seeds were placed in each pot at a depth of one-
half ihch below the surface of the soil. The pots were placed
in the greenhouse and pre-emergence care was administered to
them as was described in greenhouse experiment 1. 0

The ﬁost-emergence care of the plants was similar to that
described for greenhouse experiment 1, except for the following
deviations--(a) Four applications of nitrogen as NHANO3 were made
ten days apaft; beginning on the day the plants first emerged
which was December 14, (b) Three applications of copper as
»CuSOh.5H20; each consisting of 5 ppm copper, were made to each
pot. The first application waswmade two days after the plants
emerged, and the other two applications were spaced at two
week intervals, |

No signs of chlorosis were observed in these plants through-
out the period of growth, In general, the plants appeared to
be much healthier than those grown in experiment 1. Although
the corn grown in experiment 2 was not as tall as those”grown
in experiment 1, their stems were much larger ih diameter and
the leaves much wider,

The plants were harvested on Uaﬁuary 31, 1966, 51 days

after seeding. The harvesting procedure and sample preparation
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for chemical analyses were similar to that described in experi-
ment 1.

Results and Discussion

The average yield of plant material in grams of oven dry
weight, and the percent yield of the fertilized treatments, are
given in Table 9.

Yield of Plant Material

As was recorded in greenhouse experiment 1, there were
signifiéant differences between soils with respect to yield of
plant material; however the largest differences were observed
when the potﬁ%ium fertilized treatments were compared with the
check treatments for any soil within a group. In general, for
equivalent levels of soil potassium (Table 3) the non-calcareous
s0ils out-yielded the calcareousisoils (check treatments).

Soil number 10 which was of special interest in this experi-
ment gave a good response to the high rate of potassium banded
in the soil. This response was further observed in the special
treatment Tloo

The percent yield data were determined as for greenhouse
experiment 1. All the soils used in the experiment gave a
positive percent yield. However the percent yield for those
plants grown on the calcareous soils were in general better
than the percent yield for the plants grown on the non-calcareous
soils. Thus one might conclude that the response to fertilizer
potassium was greatest on these soils. 1In particular, soil
number 10 gave a percent yield of 57.53 when 250 ppm of

potassium as KCl was banded. This further decreased to 53.65%
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TABLE 9,

Experiment 2,

Average yield of plant material (oven dried) in
grams and percent yield of fertilized treatments

Soil - T-1 T-2 Ty 7 %
Code Check K~-Banded K QMixed & Yield Yield
Non-Cglcareous Soils
1 12,50 bl 17.35 b2 72.05
2 12.90 bl 19.40 ab2 66,49
[ 18.60 aq 20,00 a2 93.00
7 18.50 ay 21.15 a, 87. L7
Treat,
Averages 15,63%; 19.50*2
Calcareous Soils s
10 9.55 dy 16,60 d, 17.805 57.53 53.65
11 19.80 aq 20.50 ay 96,59
12 15,10 bl 19.05 b2 79.27
14 13.52 cl 17.85 02 75,74
Treat,

Averages  Lh.49¥%  18,50%,

Note: Tield accompanied by the same letter a, b, ¢ or d for any one
Treatment within a group are not significant. P = .05 (Duncan!s Test),

Yield accompanied by the same number 1, 2 and 3 for any one
soil within a group are not significant. P = ,05 (Duncants Test).

The same number of * denotes no significant differences (P = ,05)
when treatment averages are compared between groups. (Duncant's Test).
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when 250 ppm of potassiﬁm was:mixed throughout the soil before
- banding a further 250 ppm of potassium as KCl. In general,
for all soils used in experiment 2 the percent yield was better
than that obtained for the similar soils in experiment 1. Thus
banding 250 ppm of potassium to these soils was better than
either banding or mixing throughout the soils 100 ppm of
potassium.

A discussion of the chéck treatment in this experiment
would involve a repetition of all that has been said for the
similar treatment in greenhouse experiment 1. Therefore in the
following discussion, Treatment 2 would be discussed in detail,
and Treatment 1 would be used only for comparison,

Analysis of Plant Material

Table 10 gives the data for the analyses of the plant
material.

The percent potassium content of the plants_increased in
all cases with addition of 250 ppm of potassium. The increase
ranged from approximately two-fold in those plants grown on
soils with a relatively high potassium content, to approxi-
mately four-fold in those plants grown on soils with a rela-
tively low potassium content. Another factor of interest is
that whereas in experiment 1 adding 100 ppm of potassium to
the soil in a band did not appreciably change the percent
calcium and magnesium content of the plants, in experiment 2
adding 250 ppm of potassium to the soils resulted in a general
increase in the percent caleium and magnesium content of the

plants. The increase in percent calcium content was especially
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TABLE 10

Experiment 2,

Analysis of Plant Material
T-1 Check T-2 X-Banded Tig KE Mixed
&
Soil (_Banded
Code % 2 % % % % % % % % % %
K Na Ca Mg K _Na, Ca Mg K __ Na Ca Mg
Non—calcareous Soils '
1 0.71 0.53 0,46 0.65 3.00 0.42 040 0.60
2 0.85 0,40 0.40 0.63 3.93 0.38 0.46 0,68
6 1,80 0.48 0,18 0,51 3.52 0.45 0.32 0.54
7 2,10 0.42 0,20 0.42 3.30 0,40 0.34 0.55
Calcareous Soils
10 0.85 0,67 0.18 0,90 3,00 0.58 0.46 0.80 3.35 0.52 0.42 0.82
11 1.50 0,62 0,13 0,50 3.10 0,49 0.40 0.80
12 1.50 0,58 0,12 0,50 3,13 0,50 0,44 0,83
1, 0.9 0.60 0.15 0.73  3.30 0,55 0.40 0.79
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large on the calcareous soils. On the non-calcareous soils
there was actually a decrease in the percent calcium content
of the plants grown on soil number 1. The increase in percent
magnesium was not as great as the observed increase in percent
calcium, and in the case of soil numbers 1 and 10 there was a
slight decrease.

The increase in percent calcium and magnesium in the plant
material was also observed in the case of the special treatment
T10°

In general, the percent calcium and magnesium content of
the plants grown on the calcareous soils was higher than those
of the plants grown on the non-calcareous soils (?reatment 2).
The plants grown on soil nﬁmbers‘l and 2 had similar percent
calcium content to those grown on the calcareous soils.

The percent sodium content of the plants was equivalent
to the amounﬁ noted in Table 6 for experiment 1,

The relatively high cation content of these plants is of
particular interest when one considers the small amount (pef-
cent) noted in experiment l. To explain thié the total amount
of cétions taken up by the plants was calculated and is listed
in Tgble 11.

A comparison of Table 7 and Table 11 shows thét there were
significant increases in both the total potassium and calcium
content of the plants in experiment 2 over experiment 1. The
increase in total calcium content was most obvious on the cal-
careous soils where it was approximately four-fold. In the

case of total magnesium content of the plants, although there
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TABLE 1.

Experiment 2.

Total Cations in Plant Material (mgm).

Total Total Total Total
Potassium Sodium Calcium Magnesium

Soil T-1 T-2 T-1 T=2 T-1 T-2 T-1 T-2
Code

Non—~calcareous Soils

1 89 - 521 66 73 58 69 gL 104
2 110 762 52 T4 52 89 gL 132
6 335 704 89 90 33 64 95 108
7 389 698 78 85 37 172 78 116
Calcareous Soils
10 8l 498 6L 96 17 76 86 133
11 297 636 123 100 26 82 99 164
12 227 59 88 95 18 8l 76 158
14, 121 589 8l 98 20 71 99 141

Sgecial% 596 93 75 146
10
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was some increase recorded in experiment 2 over experiment 1,
this increase was considerably less than the increase in calcium.
Thus»only in soil numbers 1l, 2, 10 and 14 was the increase in
total magnesium of any consequence.

To explain this increase in total cation content of the
- plants the following suggestion is prOposed: The addition of
the large quantity of potassiuﬁ to the soil constituted a source
of readily available potassium to the plants which they readily
utilized. Also when this exceptionally large amount of potas-
sium was banded in the soil, it established a zone (banded area)
of very high potaésium concentration in the soil. This high
potassium concentration in the soil would thus tend to shift
the soil potassium equilibrium, with the effect that a large
amount of potassium ions wduld move on to the exchange sites
of the soil colloid thus reléasing a considerable amount of
calcium and magnesium ions. These ions thus put into the soil
solution would be readily available for plant utilization.
This phenomenon would be éspecially apparenﬁ on the calcareous
soils in which the main cations on the exchange sites would be
calcium and magnesium,

The percent of soil potassium and fertilizer potassium
used by the plants was calculated, as in greenhouse experiment 1,
and the data given in Table 12,

As was observed in greenhouse experiment 1 the plants in
both groups of soils made greater use of NaCl extractable
potassium in comparison to NHAOAC extractable potassium. Also

the plants grown on the non-calcareous soils used a larger
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TABLE 12,

Percent of Soil Potassium and Fertilizer
Potassium used by Plants,

% soil K used % fertilizer K
by Plants used by Plants *
Soil NHdaAc Na C1 T-2 T0

Code Extractable Extractable

Non~Calcareous Soils

1 53.89 49.83 52,02
2 39.86 75.32 39.86
6 14,93 42,87 19.13
7 16.48 . 35.92 26,57
Calcareous Soils
10 25,72 , 48,67 25.72 25455
11 10,66 53.97 18.90
12 234k 33.49 4L1.67
14 13.90 55,62 22.39

% For calculations see Table 8.
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percent of the NHAOAc extractable potassium than those grown
on the calcareous'soils. Thus as previously stated, this is
further evidence that the NH,OAc solution might be extracting
potassium froh some soils, in particular the finer textured
soils, which are not available to plants.

"In view of the fact that a reiatively large quantity of
the applied potassium was used by the plants it is conceivable
that some luxury consumption of poﬁassium might have taken
place.

As was observed in experiment 1, the ratio Ca/K in the
plant material (Table 13) is approximately 0.10 to 0.15 for
optimum yield of plant material. This particular ratio
appears to be a characteristic of corn plants (Morden 88),

Summary and Conclusions of Greenhouse Experiments

Two greenhouse experiments were conducted to study the
availability of potassium from calcareous and non-calcareous
Manitoba soils to plants. Corn (Morden 88) was the test crop.
The better of two methods of applying fertilizer potassium to
this crop (banding or mixing the potassium throughout the soil),
and various interactions of potassium 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 H50, NaCl and NHAOAC extract-
able soil potassium was made to determine the best of the three
methods which might be employed in extracting soil potassium
from calcareous and non-calcareous soils, when the information

is to be related to availability of potassium from these soils
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TABLE 13,
Bxperiment 2,
Ca/g in Plant Material

Soil Ca/K Ca g
C ode T-2 Tlo
Non-Calcareous Soils
1 0.13
2 0.12
6 0.09
7 0,10
Calcareous Soils
10 0.15 0.13
11 0.13
13 0.14

14 0,12
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to plants.

The scurce of potassium added to the soils in both
greenhouse experiments was KCl.

A coﬁsideration of the data collected in the two green-
house experimehts showed that there were certain differences
and similarities associated with both groups of soils. 1In the
majority of cases the differences were observed for the finer
textured soils in both soil groups, while the similarities
were observed for the coarser textured soils..

It was found that for equivalent levels of Hy0, NaCl or
NH,, OAc extractable soil potassium the non-calcareous soils out-
yielded the calcareous soils. It was also observed that the
plants grown on the finer textured non-calcareous soils had a
larger amount of potassium than those plants grown on the
finer textured calcareous soils. Thus it would appear that
soil potassium was more available to the plants grown on the
non-calcareous soils as compared to those grown on the cal-
careous soils. This fact was further emphasized when the
percent soil potassium (NHAOAc.and NaCl extractable K) used
by the plants was calculated. The plants grown on the coarser
textured soils in both soil groups used similar amounts of
soil potassium. However the piants grown on the finer tex-
tured scils of the non-calcareous group used a larger percent
of the soil potassium than did those plants grown on the finer
textured soils of the calcareous group.

It‘was apparent from the experiment that corn (Morden 88)

requires a larger amount of magnesium relative to calcium,
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also that for the ratio Ca/K in the plant, at a value of

0.10 to 0.15 the best yields of plant material were recorded
regardless of the soil type.

Corn fed best from a concentrated source of potassium,
thus banding the potassium into the soils was better than
mixing it throughout the soils prior to seeding. In this
respect the plants madeAgreater use of the banded potassium
than the potassium mixed throughout the soils., It was found
that as the percent potassium increased in the plants for any
one soil within a group, the yield of plant materlal increased.
The yield reallzed from banding 250 ppm of potassium into
the soils prior to seeding was better than that realised
from banding 100 ppm of potassium. v

The magnesium and calcium content of the plants grown
on any one soil remained relatively constant with addition of
‘lOO ppm of potassium in a band or mixed throughout the soil.
However when 250 ppm of potassium was banded into the soil,
there was an increase in the percent calcium and magnesium in
the plantS¢

A comparison of the three methods of extracting potas-
sium from calcareous and non-calcareous soils shows that
NHAOAe solution extracted a larger amount of potassiumlthan
the NaCl solution, which in turnvextracted more potassium
than the H)0 solution; However when the amount of potassium
extracted by the three solutions were examined with respect
to the availability of this potassium to plants, the NaCl

extractable potassium gave the best relationship in all cases.
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The relationship obtained for the Hp0 extractable potassium
was generally good for both groups of soils; however this
method is critized, due to the fact that the plants use a
larger amount of potassium than the Hy0 solution extracted.,
The NHhOAc solution was found to be apparéntly extracting
large amounts of potassium from some soils which were perhaps
not readily available to the plants. This was particularly
obvious in the case of the calcareous soils. In these soils
it is assumed that not only were the NH4+ ions substituting
for K* ions in the clay lattice structure, but mineralogical
decomposition of certain soil minerals was taking place in
the finer textured soils, thus resulting in the large amount

of potassium extracted,
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LABORATORY EXPERIMENTS

Following the greenhouse experiments, a series of labor-
atory experiments were conducted to further investigate the
differences and similarities observed in the greenhouse work,
with respect to the availability of potassium from calcareous
and non-calcareous soils. The experiments were also intended

between .
to investigate the differences ¥: HZO’ NaCl and NHhOAC solutions
in extracting soil potassium from calcareous and non-calcareous
soils, and to determine whether there is en equilibrium
condition operating in the soil potassium system as was dis-
tinguished by De Turk et al. (10) and Fox and Kacar (11).

Experiment 1.

Methods and Materials

The experiment wes conducted to evaluate the amount of
potassium remaining in the soils after cropping with corn, and
to determine whether there was any change in the potassium
remaining in the soils upon incubation.

The experiment in effect is a continuation of greenhouse
experiment 1, since the soils used were taken from the check
treatment of the latter experiment after the corn was harvested,

The soils were emptied from the pots as soon as the plants
were harvested. The plant roots were removed from each soil
which was then thdroughly mixed. A representative sample was
taken from each of the 14 soils and divided into two portions.
One portion was air dried and analyzed‘for NHAOAC apd H20 ex=-
tractable potassium. The other portion was placed in a 400 ml,

plastic dish and distilled water was added to bring the soil
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up to field capacity. The dish was then placed in the
incubator where it remained for 30 days at 25°C. At the
end of this time the samples were removed and analyzed for
NHhOAc and H,O extractable potassium.

Results and Discussion

Table 14 gives the data for the NHhOAc and H20 extract-
able potassium determined on the soils before cropping, after
cropping, and after incubatibn of the cropped soils.

It was found that on both groups of soils the plants -
reduced the NHAOAC and Hy0 extractable potassium levels of
the soll significantly. In all cases the plants removed
greater than 50% of the total soil potassium. There was
no difference between the two groups of soils with respect
to the amount of soil potassium removed by the plants.

When the cropped soils were incubated for 30 days at
25°C, both the NH;, OAc and Hp0 eitractable potassium levels
of the soils returned in mést cases to their original levels,
and in some soils greater than the original values. Only in
those soils in which the original levels of soil potassium
was relatively high did it not return to the original level.

It appears that a build-up of Hp,0 extractable potassium
occurred in the soils upon incubation. It has been suggested
that the source of this potassium might be from the exchange
sites or from fixed sources of soil potassium (10, 11, 29).

In considering the NHhOAc extractable potassium, it is

observed that on incubation of the cropped non-calcareous
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TABLE 14.

Relationship between the original H,0 and NH, fAc extractable K

in the soils collected, the amount of K remaining in these soils
after cropping to corn (Greenhouse Expt. 1, T-l), and the amount
present in these cropped soils after incubation for 30 days at 25°C,

Original K in Soils K in Soils after Cropping |K in Soils after Incubgt-
NH,GAc H,0 NH, QAc H2O~ NH GA H20
Soil IExtractable IExtractable |Extractable Extractable Extra%table Extractable
Code K ppm K ppm K ppm K ppm K ppm K ppm
Non-calcareous Soils

1 L8.5 1.48 25 0.40 50 1.60

2 80,0 1.71 40 0.48 80 1.64

3 98.0 2.39 Ll 0.50 98 2.50

I3 163.0 Le2l hly 0.52 164 5,70

5e 363.5 5.34 60 0.60 364 5.82

6, 641,0 10.92 160 2.00 540 10.60

7o 686.0 11.94 175 2.40 575 12,30

Calcareous Soils ‘

8 60,0 1.48 30 0.35 60 2.10

9 575 1.46 38 0.30 66 1.50
10 90,0 1.82 43 0.40 100 2.80
11 816.0 14.00 210 3.06 728 10,02
12 281.0 Lo55 112 1.20 254 Lo 60
13 187.0 2,60 50 1.00 150 L 4O
14 250.0 2,80 75 0.80 278 3.90
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soils, only soil numbers 6 and 7, which initially had a very
high potassium content ( 600 ppm), did not return to their
original potassium levels. On the calcareous group: of soils,
soil numbers 9, 10 and 14 showed a considerable increase over
their original potassium levels, while soil numbers 11 and 13
had lower extractable potassium contents than were originally
determined,

A consideration of the data and the foregoing discussion
would lead one to assume that there is an equilibrium condition

operating in the soil potassium system which could be illustra-

ted thus:
A exchangeable ) B
Soil K (fixed)——K soil + ——plant K
available .

This is as proposed by Fox and Kacar (11).

The shifts in equilibrium at A and B are strongest toward
the right. However at A, the shift could and does move to the
right regardless of the fact that there is no shift at B.

This is brought about by two processes--(a) The presence of‘
excess anions in the soil solution. This is a natural
chemical equilibrium process, (b)(ﬁﬁé\tg)the natural break-
down of potassium bearing minerals in the soils (1).

There are no observable differences between calcareous
and non-calcareous soils with respect to the operation of the
equilibrium noted. However the shift in the equilibrium
process appears to be faster for the coarser textured soils
in both groups of soils,

Experiment 2.
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Methods and Materials.

In the previous laboratory experiment it was observed
that in both calcareous and non-calcareous soils the potassium
system is'governed by an equilibrium condition. It was also
observed that apparently the rgactions within the equilibrium
operated similarly in both groups of soils, with respect to the
removal‘of'potassium by plants and by various extracting
solutions, |

Laboratory experiment 2 was thus designed to investigate
(1) the amount of potassium that could be removed, byAa process

of continuous leaching with 1N NH, OAc solution, from calcareous

and non-calcareous soils and (2) tg study the efféﬁt of adding
potassium as KCl to the leached soils, | |

The soils used in the experiment were those used in the
greenhouse experiments. A 50 gm. portion of air dried soil
was taken from each soil used and placed in a 9 cm. diameter
buchner funnel which was attached to an evacuating apparatus.
Bach soil sample was leached with a total of 500 ml. of
IN NH, OAc solution (pH=7).

The leaching process took three days. The daily proced-
ure was as follows: 100 ml. of NHhOAG solution was passed
through the soils and the amount of potassiumiin the leachate
was measured; this was followed by a further leaching with
50 ml. of solution and once again measuring the amount of
potassium in the leachéte. On the second day a third leaching

using 50 ml. of solution was carried out. At the end of each

day and at the end of the three day period of leaching, the
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total potassium in thevleachate was calculated. Sodium,
calcium and magnesium were determined on the last leachate
of the third day. |

At the end of the leaching period, the soils were removed
from the buchner funnels and air dried. NH, OAc and NaCl extract-
able potassium were determined on the air dried soils.

In the second part of the experiment only soil numbers
1, 4, 5 and 7 of the non;calcareous group and 8, 11, 12 and
13 of the calcareous group were used. A sample of each of
these air driedlsoils (previously ieached with NHAOAC) were
placed in piastic’dishés, and to each potassium’as KCl,was
added in an amount equivalent to the nearest 100 ppm of the
original NHhOAC extractable potaésium determined on these
soils beforé leaching. The method of adding the potassium
to the soils was as follows: A small hole was Made in the
centre of the soil in each dish and the potassium (KCl salt)
was placed in this hole and then covered with soil. The
soils were then brought up to field capacity with distilled
water and incubated for one week at 25°C. At the end of this
time the soil in each dish was thoroughly mixed and once again
brbught up to field capacity with distilled water and incubated
at 25°C. One week after the last step the soils were removed
from the dishes and air dried. The air dried scils were
'crﬁshed to pass a 2 mm. sieve and samples taken and analyzed
for NH)OAc and NaCl extractable potassium.

Results and Discussion

Table 15 gives the data for the amount of potassium



69 s

TABLE 15
Potassium (ppm) Removed from Soils by Successive Leaching with 1N NH OAc pH7.
- 1st Day Total 2nd Day Total 3rd Day Total Total ‘| Original] K Removed
ﬁ Vol, Used — 100 mls 50 mls [lst Day | 100 mls 50 mls 50 mlsi2nd Day {100 mls 50 mls 3rd Day for K in in excess
: Soil Code , . 3 days Soils |of original
Non-Calcareous Soils ‘ ’
1, 18,0 15,0 63.0 19,0 5.0 0 2L.0 1.0 0 1.0 88,0 L8.5 39.5
2e 76,0 12,0 88,0 20.0 2.0 0 22,0 : 3.0 o 3.0 113.0 80.0 53,0
3. 92,0 23,0 |115.0 | 35.0 7.0 1.0 | 44O | 5.0 0 5.0 | 164.0 | 98.0 66,0
L. 150,0 35,0 185,0 80, O 10,0 -~ 2,0 92,0 | 12.0 3.0 15.0 292.0 163.0 129.0
5 1,000 135.0 535,0 | 170, © 65.0 24.0 259.0 48,0 2.0 50.0 84L.0 363.0 481.0
6. 590.0 185.0 | 775.0 | 205,0  80.0 35,0 | 320.0 | 41,0 12.0 53,0 | 1148,0 | 641.0 507.0
7. 628,0 210,0 838,0 238,0 76.0 240 338,0 67.0 21.0 88,0 1264,0 686,0 578.0
Calcareous Soils
8, 60,0 9.0 69,0 17,0 L.0 0.0 21.0 L,O 4] 40 94.0 60.0 34.0
9. 53,0 16,0 79.0 29,0 10,0 3.0 4L2,0 6.0 2.0 8,0 119.0 57.5 61,5
10, 85.0 38.0 123.,0 56,0 20,0 3,0 79.0 3.0 1.0 L0 206,0 90,0 116,0
11, 670.0 305,0 975.0 390,0 85,00 32,0 507.0 80,0 30.0 110,0 1592,0 816,0 776,0
12. 240.0 85,0 325,0 160.0 46,0 9.0 215,0 24,0 L0 28,0 568,0 281.0 287.0
13. 155.0 33,0 188.,0 67.0 22,0 4.0 93,0 | 12.0 3.0 15.0 296,0 187.0 109.0

14, 235.0 58,0 293.0 92.0 41,0 15.0 148.0 ' 34.0 5,0 39.0 480,0 250.0 230,0
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removed from the soils by the leaching process; also the
NHhOAc extractable potassium determined on the soils prior
to leaching. ' |

‘It was found that sgccessive leaching with NHAOAC
solution removed é largér amount of potassium from soils in
both soil groups than was originally determined on the NHhOAc
extract. The “excess" potassium removed by the leaching pro-
cess could contribute to the equilibrium reaction described
in the soil potassium system in laboratory experiment l. The
probable sources of this "reserved" potassium are--(1l) non-
exchangeable or "fixed" sources as described by Fox and Kacar
(11), (2) originéted as a'résult of mineralogical decomposi-
tion of the soil mineral fraction by the NH, OAc solution (7).

In general, the finer textured soils had a larger "reserve"
of potassium than the coarser textured soils of both soil
groups.

Table 16 gives the data for the NH OAc and NaCl extract-
able potassium determined on the soils which had been previously
leached with 1N NH,OAc solution, then air dried.

On air drying the soils their potassium content increased
appreciably over that determined on the last leachate (Table
15).
| A comparison of thehNHhOAc and NaCl extraction procedure
shows that both solutions extracted similar amounts of soil
potassium. Thus on leaching the soils with NHAOAC the potas-
sium which had apparently returned on the colloidal exchange

in the reaction:




TABLE 16

(AR

NHthc and Na Cl extractable potassium determined on

soils which had been previously leached with 1 N NHAGMc
pH 7, then air dried. ‘
NH, GAc Na Cl
Soil Ex%ractable Extractable
Code K ppm K ppm
Non-Calcareous Soils
1 10.0 10.0
2 10,0 10.0
3 12.5 10.5
_ L 15.0 15.5
5 20.0 22,0
6 25.5 25.5
7 32,0 30.5
Calcareous Soils
8 10,0 10,0
9 10,0 10.5
10 10,5 10.5
11 50,0 50.5
12 20.0 20,0
13 15.5 15.5
14 25.5 25.0
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K (fixed) ——— K (exchangeable)

was capable of being extracted by either NaCl or NH;,OAc
solutions. It was also ndted that the finer textured soils
in boﬁh soil groups had larger amounts of potassium involved
in the shift described above than did the coarser textured
soils. |

In an attempt to measure the capacity of soils to "fix"
- potassium from a KCl source, poﬁassium was added to the soils
which had been leached with NH, OAc and air dried. Table 17

L

gives the data for the NH, OAc and NaCl extractable potassium

L
determined on the soils after incubation. The soils used in
the experiment were soil numbers 1, 4, 5 and 7 of the non-
calcareous group, and soil numbers 8, 11, 12 and 13 of the
calgareous group.

The amount of potassium determined on a soil upon air
drying plus the amount of potassium added as KCl would be the
amount of potassium one would theoretically expect to extract
from this soil after incubation. This was ﬁot observed in the
experiment.

The amount of NHAOAC extractable potassium determined on
s0il numbers 7 and 11 was less than the amounts theoretically
expected. Thus it is assumed that these soils were capable of
"fixing" potassium. On examination of the mechanical analysis
data (Table 2) of the soils it is shown that these two soils
had a relatively high clay content. Therefore since a high

~ clay content is usually associated with a high exchange

capacity and the ability to "fix" cations, this result would
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TABLE 17

Analysis of soils which had been previously leached with
1 N NH, OAc pH7, then air dried, and to which K as K C1l was
added to the nearest 100 ppm of their original NH[POAC

extractable K, then incubated for two weeks at 25,
K(ppm) in air dried W) K(ppm) after two [K(ppm) Airdried leached soili
leached soils K (ppm) |week incubation + K (ppm) added -~ K(ppm)
s R added a1 25% X after incubation
(&) (BJ to W7 (B)
Soil NHLP&Q.C Na C1 soils NHAQAC: Na C1 A+C~D|B+C~E
Code Extlable Extlable Exttable Extt!able [NH oAc Ext'able NaCl Exttabl.
Non~Calcareous Soild
1. 10,0 10.0 100 150 125 - 40,0 - 15,0
L 15,0 15,5 200 225 210 - 10,0 + 5.5
5 20.0 22.0 400 490 375 - 70.0 + 47.0
7 32.0 30.5 700 615 590 + 117.0 + 140.5
Calcareous Soils
8 10,0 10,0 . 100 130 100 - 20.0 - 10,0
11 50.0  50.5 900 875 645 + 75,0 + 305.5
13 15.5 15.0 200 245 200 - 29.5 + 10,0




T
be expected (25). It was observed that the amount of potas-

sium (NHAOAc‘extracﬁable) determined on the other six soils
was more than that theoretically expected. Thus it 1is assumed
that these soils liberated potassium upon ihcubation.

The data for the NaCl extractable potassium show that only
in soil numbers 1 and & was the amount of potassium extracted
after incubation greater than the theoretical amounts expected.
Thus upon incubation thése soils released potassium. The other
six soils apparently were capable of "fixing" potassium in a
form which was not capable of being extracted by NaCl but was
capable to some extent of being extracted by NHhOAc solution,

From the table it is observed that in general the cal-
careous soils "fixed" a greater amoﬁnt of the potassium added
to the soils.

Experimenb 30

Methods and Materials

In laboratory experiment 2 it was observed that calcareous
soils are apparently capable of "fixing" more added potassium
than non-calcareous soils. Therefore this experiment was con-
ducted to investigate the relative abilities of calcafeous and
non-calcareous soils to "fix" potassium when it was added in
the form of KCl, and also to observe the effect of air drying on
the soil potassium status.

Two hundred and fifty gram portions of each of the 14 air
dried soils were placed in plastic dishes. A depression was

made in the soil, in the centre of each dish, and 100 ppm of
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potassium as KCl was added into the depression. The depression
was covered with soil and distilled water was added to bring
each soil up to appfoximately field capacity. The soils were
then incubated at 25°C for 7 days. At the end of this time the
soil in each dish was thoroughly mixed, to completely disperse
the KCl throughout it., Distilled water was added to bring the
soils back to field capacity and they were once again incubated
at 25°C. 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 NHAOAC and NaCl extractable potassium.

RESULTS AND DISCUSSION

Table 18 gives the data for the NHhOAc and‘NaCl extractable
potassium in the soils before addition of KCl and after incuba-
tion of the soils,

Theoretically the amount of potassium one would eXPECt.tO
extract from the soils after incubation, would be the amount
of potassium regorded in Table 3 (NHAOAc and NaCl extractable
potassium) plus the amount added as KC1 (100 ppm of potassium).
This, however, is not evident from Table 18,

The amount of NHhOAc and NaCl extractable potassium deter-
mined on the soils within both groups was in all cases less
than the theoretically expected amount, thus "fixation" of
added potassium must have taken place. It was found that ﬁhe
amount of potassium "fixed" by any-soil was dependent on
texture. Thus the finer textured soils "fixed" more potassium

than the coarser textured soils. It is assumed that the
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TABLE 18

Changes in the NHAGQC and Na Cl extractable potassium
of calcareous and non-calcareous soils to which 100 ppm
of K as K Cl was added prior to incubation

Original ioil K (Table 3) éSiJ1soil after incubation @%_quhanges in added
100 ppm X as K C1 at 25°C for 1, days K upon incubation
NHhCAc Na C1 - NHAQAC Na CL NHAOAC Na C1
Soil Extractable Extractable | Extractable Extractable [Extractable Extractable
Code Kppm Kppm Kppm Kppm Kppm Kppm
Non-Calcareous Soils
1 148.5 150,0 5.4 145.0 3.1 5.0
2 180.0 180.0 155.8 150.2 4.2 29.8
3 198.0 190.5 180.2 170.0 17.8 20.5
L 263,0 260,.2 205.2 205.5 55.0 5ha7
5 L63,5 380.5 393.1 305.0 T70.4 7545
6 41,0 600, 0 64,0.0 499.1 101,0 100.9
7 786.0 525,5 685.3 426,8 100.7 98.7
Calcareous Soils
8 160,0 160.0 140.5 128.3 19.5 22.7
7 157.5 155.5 125.3 120.0 1 32.2 35.0
10 190,0 190,0 128,6 110.4 61.4 794
11 916.0 560.5 815.1 460.8 100.9 99.7
12 381.0 260.0 292.7 160.5 88,3 99.5
13 287.0 220.2 220.0 140.1 65.0 79.9
14 350.0 255.5 280,2 180.0 69.8 | 75.5
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relatively high clay content of these soils was responsible
for the "fixation" of the added potassium (10, 18, 25, 29)

A lérger amount of added potassium was extracted by the
NHhOAc solution than by the NaCl solution. The ability of
NHAOAC to extract more potassium than NaCl is due primarily to
the NHA+‘ion. This ionAis approximately the size of the K+
ion, and can enter into a 1:1 substitution for K@ ion in the
lattice structure of clays. TheiNa+ ion, due to-size differ-
ences, cannot make such a substitution and is thus capable of
exchanging for only those X' ions which are on the colloidal
complex., These gssumptions are substantiated by the fact that
on the coarser textured soils, which had a relatively low
clay content, both the NHAOAC and NaCl solutions were capable
of extracting approximately eéual amounts of potassium.

A comparison of the two groups of soils showed that the
calcareous soils were capable of "fixing" a larger amount of
the added potassium than the non-calcareous soils for equiva-
lent textural characteristics (Table 2).

A study of the NHAOAC and NaCl extractable calcium and
magnesium of the soils, with respect to the amounts present in
the soils before and after the addition of potassium, was made.
Table 19 gives the data. The study was intendéd to obtain
information with regard to the amount of potassium "fixed"
by calcareous and non-calcareous soils. It was found that
the amount of NHAOAC and NaCl extractable calcium and magnesium
in the soils increased upén incubation, thus adding potassium

to the soil must have caused a release of calcium and magnesium




TABLE 19

Changes in the NH,0Ac and NaCl extractable calcium
and magnesium of soils to which 100 ppm K as K C1
was added prior to incubation, '

NH, QAc Extractable |NaCl Extractable {Ca and Mg) - (Ca and Mg )
Ca and Mg Ca and Mg (Table 3 ) (after incubation)
Soil Ca Mg Ca Mg NH, OAc NH, Ghc Na C1 NaCl

Code me/100 gn ™/100 g| ™/100 g ™®/100g| Ca, ™®/100g Mg M°/100g Ca"%/100g Mg"®/100,

Non-Calcareous Soils

1 8.6 1.4 4.0 2.0 ~0.4, 0.2 -0.4 ~0.2
2 25.3 5.3 12.7 5.0 -3.1 ~0.3 -1.9  -0.4
3 12,4 b2 10.4 L6 -2.6 ~0.8 2.0 1.2
I 6.7 3.5 6.6 3.0 ~2.1 -1.5 ~1.1 -1.0
5 26.6 6.9 19.2 6.5 -8.8 -0.9 -2.0 -0.7
6 25.9 6.7 16,6 6.5 -8.9 ~1.3 -1.8 -1.5
7 40,2 15.0 29.7 13.4 ~7.0 -1.6 -3.3 ~Luly
Calcareous Soils
8 13.4 3.2 8.1 2.7 -0.5 -0.2 -0.9 ~0.5
9 17.3 L6 12.8 4.0 -2.5 ~0.8 -3.0 -0,8
10 30.2 16.8 14.3 9.6 -A.A -2.6 -3.5 -1.6
11 4L9.5 26,5 32.5 17.8 -11.2 ~b.1 -6,1 -3.2
12 40.9 19.6 23.5 12.4° -8.3 -3.0 ~6.5 ~2.4
13 21.2 3.9 17.0 he -6.2 ~1.1 -5,0 -1.9

14 36.0 17.6 19.2 11.8 -6.0 ~-3.0 -2.7 -2.6
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ions in the soil solution. These ions it is assumed would
come fo the colloid exchange sites.

The amount of divalent cations apparently released from
the soil exchange sites by the addition of potassium, was greater
for the calcareous soils than for the non-calcareous soils;
this would in part account for the greater "fixation" of potas-
sium by calcareous soils., In the previous literature review
De Turk et al. (10) suggested that when potassium was added
in the phosphaté férm to soils, the potassium became "fixed"‘
to the soil colloid as an Al-O-P-K complex. Thus it is pos-
sible that in those soils which had a relatively large amount
of phosphorous (Table 1) similar complexes could be formed
resulting in a "fixation" of potassium.

Summary and Conclusions of Laboratory Experiments

A comparative study of the soil potassium status of
several éalcarecus and non-calcareous soils was made in the
1aboratbry. Three experiments were conducted. These were
especially designed to detect differences or similarities in
the soil potassium system of the two groups of soils, and
also to determine the relative merits of NHAOAC and NaCl
solutions to extract potassium from these soils.

It was found that corn removed a considerable amount of
Ho0 and NHhOAc extractable potassium from both the calcareous
and non-calcareous soils. When samples of the cropped soils

were incubated at field éapacity and 25°C for thirty days, a

general increase in both the H,0 and NHhOAc extractable soil
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potassium was observed. This established the idea that an
equilibrium condition, similar to that described by De Turk
et al. (10) and Fox and(Kacar (11) might be operating within
the potassium system of these soils. This equilibrium con-
dition appears to be operating in both the calcareéus and non-
calcareous soils with equal efficiency. However the "release"
of "fixed" potaséium was faster from the coarser textured soils,
although é greater amount of "fixed" potassium was released by
the finer textured soils. |

A process of continuous leaching of calcareous and non-
calcareous soils with a solution of 1N NHhOAc, pH7, extracted
a considerably larger améunt of soil potassium from soils in
both grouﬁs than was extracted by a process of shaking a
1:10 soil-solution mixture for one hour (solution used
1N NH, OAc, pH7). It is assumed that a large amount of the
potassium extracted by the leaching process was due to miner-
alogical decomposition as was suggested in the literature
review by Beckett (7). Theré were no noticeable differences
in the amount of potassium'extracted‘by leaching from either
groups of soils; however in general the finer textured soils
in both soil groups'released the larger amounts of potassium.

When the leached soils were air dried there was a notice-
able build~-up of NHAOAC extractable potassium in these soils.
It was also found that the NaCl and NHAOAC solutions extracted.
similar amounts of potassium from the soils, whereas before
leaching the amounts extracted by each solution weﬁcdiffefent

(Table 3).
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When potassium as KCl was added to soils in both groups,
a larger amount of potaésium apparently was "fixed" by the finer
textured soils of each group. This is apparently due to the
relatively high«r clay content of these soils. For soils of
equivalent textural characteristics the calcareous soils
"fixed" a relatively larger amount of added potassium than
did the nbn-calcareous soils.,

Adding potassium as KC1l to calcareous and non-calcareous
soils resulted in a release of NHLOAC and NaCl extractable
calcium and magnesium in both groups of soils upon incubation.
The largest release of the divalent cations was observed on the
calcareous soils., |

Thé NHAOAc solution extracted a larger amount of soil and
added potassium from both groups of soils than did the NaCl
solution. Two possible reasons are suggested for the larger
amounts of soil potassium extracted by the NHAOAc solution:

(1) This solution causes some mineralogical

decomposition in some soils (7).

(2) The NH,* ion is similar in size to the K ion,

thus 1:1 substitutipn of NHA+ ions for K ions

occurs in the crystal lattice.
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Final Summary and Conclusions

A comparative study of the potassium availability to
plants was conducted on several calcafeoﬁs and non-calcareous
Manitoba soils. The study involved greenhouse and laboratory
experiments. A consideration of the relative merits of
NHhOAc, NaCl and HZO extractable potassium to predict avail-
ability of potassium to plants grown on these soils, and an
examination of .the soil potassium system in the two groups
of soils were also investigated.
| The soils collected were placed in two groups of seven
based on their percent calcium carbonate eguivalent.

It was found that the NHhOAc solution extracted more
cations from the soils collected than did the NaCl solution;

this solution in turn extracted more cations than did the
| H50 solution. A consideraﬁion of the data collected and
previous literature reviewed (7) suggest that the larger
amount of cations extracted by the NHhOAc solution could be
due to--(1) Destruction of soil minerals thus extracting
cations which were not in readily availabie forms to plants.
(2) Substitution’of the NH4+ ion for K* ion in the clay
lattice structure. Due to the large amount of potassium
exﬁracted by the NHAOAC solution from the finer textured
soils, and in particular the calcareous soils, relative
to the amount extracted by the NaCl solution, it is aséumed
that the amournt of mineralogical decomposition and/or NH4+
substitution for K* ions, was greater in these soils in

comparison to the non-calcareous soils,
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Based on the results obtained from the two greenhouse
experiments, it was found that the ﬁaCl extractable potassium
gave the best relationship when soil potassium was related to
yield or potassium uptake by plants. The H50 extraction
method was inadeguate since it extracted much less potassium
from the soils than was used by the plants. The NHhOAc
solut ion apparently extracted potaséium from the soils which
was perhaps not readily available to plants, thus the relation-
ships involving NHAOAc extractable potassium and yield of
plant material and/or total potassium uptake by the plants
were not as good as the relationships involving NaCl extract-
able potassium. It was also found that the plants used a
larger percent of the NaCl extractable potassium than NHAOAC
extractable potassium,

There was some observed relationship between soil
potassium extracted by either one of the three solutions,
NaCl, NHAOAC and H,0, and texture; the finer textured soils
in both groups having the larger amounts of potassium.

From a series of laboratory experiments involving leach-
ing and incubation of soils from both the calcareous and non-
calcareous groups, it was assumed that an equilibrium condition,
similar to that described by Fox and Kacar (1l), was governing
the potassium status of these soils. The e@uilibrium is

described as:

: ) exchangeabli : )
K (fixed) /™ K + — K (plants
available *

When potassium as KCl was added to calcareous and non-
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calcareous soils, it was found that the amount Qf added potas-
sium "fixed" by the finer textured éoils in>both groups of
soils was greater than the amount "fixed" by the coarser
textured soils. It was also found thét the calcareous soils
were capable of "fixing" more added potassium than the non-
calcareous soils.

A consideration of the data collected from the two gréen-
house experiments, with respect to the relative availability
of potassium to corn grown on calcareous and non-calcareous
soils,showed that there were certain differences and simil-
arities associated with both groups of soils. The difference
between the two groups of soils was observed when the finer
textured soils were considered while the similarities were
observed for the coarser textured soils.

Both NaCl and NHAOAc solut ions extracted similar amounts
of soil potassium from the coarser textured soils in both
groups, while on the finer textured soils the NHAOAC solution
extracted a larger amount of potassium.

For equivalent levels of NH, OAc, NaCl and Hy0 extract-

b
able potassium the non-calcareous soils out-yielded the cal-
careous soils. The plants grown on the non-calcareous soils
also took up a larger amount of potassium than those plants

grown on the calcareous soils, for equivalent levels of

_NHhOAc or NaCl extractable soil potassium.

Plants 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 seeding, as
compared to mixing the potassium throughout the soils. The
plants took up a greater amount of potassium from the banded
source of potassium than from the diffused source (K-mixed
throughout the soils).

The ratio Ca/K in the plant, at a value of 0.10 to 0.15
- was required for optimum yield, regardless of the soil type.

In general the difference between calcareous and non-
calcareous soils is a function of texture of the soils com-
pared. Thus coarse textured soils in both groups are similar
in most cases. Thus for equivalent levels of NaCl or
NHhOAc extractable potassium these soils appear to have
similar levels of plant available pbtassium. They also "fix"
only a relatively small amount of added potassium. Potassium
must be bandéd into these soils in order to maximize yield; the
amount of potassium to be added could be determined by either
the NaCl or NHAOAC extractable potassium determined on the
soils,
| Differences between the two soil groups were observed
when the finer textured soils of both groups were compared.
In this respect, for equivalent levels of NHAOAC or NaCl
extractable soil potassium, the non-calcareous soils appear
to have a larger amount of plant available potassium. It
was also found that the calcareous soils were capable of
"fixing" a larger amount of added potassium than the non-

calcareous soils. On these finer textured soils, especially
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the calcareous soils, the NHAOAc solution apparently ex-
tracted potassium from'these soils which is not readily
available to plants, thus this method should be avoided when
it is required to relate soil potassium to plant available
potassium. A better relationship is obtained when NaCl ex-
tractable soil potassium is used as a measure of plant
available soil potassium,

In order to further investigate some of the results
obtained in the greenhouse, several experiments were con-
dﬁcted on a field basis in the summer of 1966 by Dr. G. J. Racsz,
in which corn was the test crop. Results from these experi-
ment s were not available at the time this thesis was being

written.
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Appendix A

Composition of solution of micronutrients added to the plants,

. Mn C1,..

1.81 g In l2 AHZO
0.11 g Zn 012

0.05 g Cu 012.2H20
0.025 g Na Mo O, .2 H.O

b4 2

The several compounds were dissolved in 1 liter of distilled
water, 1 ml, of this solution was added to 10 ml. of distilled
water and this was used to make one application of micronutrients
to one pot containing 1800 - 2000 gms., of soils.

Composition of iwvon solution added to the plants. 13.05 gms of
EDT A was dissolved in 134 ml, of 1.0 N NaOH. To this solution
was added 12.45 gms of Fe S0).7 HZO' The solution was then placed
on a shaker and shaken for about two hours to completely dissolve
the Fe 80,.7 H.0. The solution was removed from the shaker and
diluted t appgoximately 400 ml, with distilled water, It was
then commected to an air valve and air bubbled through it until
the solution was clear of precipates (approximately 12 hrs. ).

The solution was then diluted to 500 ml, The final pH of the
solution would be approximately 5.5.

1 ml of this solution is approximately 5 ppm Fe .1O0ppm iron was
applied to each pot.
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