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Field experiments were:conducﬁed'on calcareous solls
with éxohangeable votassium levels which renzed from 30 to L1k poM
to determine the effect ot potassium fertilizetion on cereal growth,
?arWev plant matter samplings at 14, 21 énd»28 days from seeding, and
fifth leaf stage of growth i;dioatéd thaf the application of potassiﬁm
fertilizer generally increased yield, potassium uptake and potassium
concentration during early growth on all solls, Wheat and oat plant
natter ssmplings ot 21 and 28 days, aﬁd fifth leaf stase of zrowth
indicated tnab oot ssium fertilizer generslly increased yield, potas-
sium LD and potassiun oonceﬁ tration during the early growth on

soils with exchangeable potassium levels of 126 ppm or less. GCen-
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erally, vpotassium concentration in the barley and oat plant

i

early stages was correlated to final yields,

Final barley grain yields'showed responses to one or more
of thé potassium treatments on 9 of the 10 soils studied; no‘responses
occurred on the soil with_é@ ppm exchangeable potassium., These respon-
ses although ususlly statistically non-s ﬁﬂnificant were substantial, 2
bushels or more per écre. While wheat and’ oats showed some substantial,
3 bushels or more per acre, responses to potassium fertilization on
soils with exchamgeable.potassium levels as high'as Ll ppm, no consis-
tént gnd uniform pattern of reosponsec was evident at erchangeable_potas-
sium levels greater than 84 pom. On ;oiis which had 84 foyel:i} 6r less of
exchangeable potassium, whea showed statistically significant reéponses
to votassium fertilization{onlall but one soil, there was no.response

on the soil which had 68 ppm exchangeable ¥, and oats showed both 315-
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ﬁificant and substantial, 5 bﬁshels or more per acre, responses on all
such soils.' With barley, potassium fertilization generally,inoreésed
potassium uptake on soils with @14 ppm oxr less of eiehangeable potas-~
. s8ium and, with wheat, on soils Wth 102 pbm or less of exchangeable
potassium; This was of interest because potassium uptake at harvest
was found to correlate sigﬁifioantly.with final grain and total
yields.

For the three ceresls, potassium and nitrogén uptake ét
final harvest were found to be signifibaﬁtiy correlated. The éxchange~
aole Ca/% and Ca'”d X retios in tThe soil at seeding were_significantly-
negatively corrs 1 ted to potaessium ﬁpté é bj wheat, barley, and oaté;
to barley arain yields, to barley total yields, and to wheat grain

yields, a2t final harvest.

)
e

A greenhouse experiment indicated that barley yields wers

increased significantly with poﬁassium fertilization on soils with 6@
ppm or less of eychanﬂeoole potassium re¢ardless of whether the 3011s
were scidic or alkaline, calcareous or nonucalcareous. However, no
substantial barley yileld 1ncraaSes ﬁere realized on soils with 107
ppm or more of exchangeable potassium;b‘Potassium uptake andfpotassium
Qéhcentration ih the plant matter'wefé-incfeased with pbtassium ferti-
1i7abwo"; Yiéld-was-mostbstronglj correiated with the potaésium
eitracted by 1.0 aﬁmohium‘aoetate as compared with 0.0lMCaClé and
distvlled wat _

Results of a gréenhouse éxperiment}indicated that barley
nlants_were more Drone to damage from below Treezing temperatures‘on‘
soils low 1n excqanmeaola votassium, 67 prm, than oﬁ‘soils high in.‘

-exchangeable potaSsium,'ZlO ppm.~ Tne demage to the plants was reduced




when the wmotassium concentration in the plant matter was increased
with potassium fertilization.
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- I INTRODUCTION

Potassiumbis ah essential plant nutrient., Although it
remains in an ionic state within the plant; not entering any chemnl-
czal combiﬁatidns, it is thought to be aéspciated (2L) with the syn-"
thesis of simple sugars and starches, the translocation of carbo-
hydrates, the reduction of nitrates, the snythesis of proteins, and‘
cell division. Because potassium is an essentisl nutrient, and larze
areas of Manitoba are low in available potassium (34), the possibility
of increasing crop yields with potassium fertiiization is theoretic-
ally viable, | |

In 1965, field trials showed substantial barley yield
responées to potassium fertilization on three calcareous soilé with
relatively high exchangeable votassium levels (18),. However, on a
ﬁfourth trial, also conducted on a soil relatively high_in'exchange-
able potassium, but acidiec, bar7ey did not respond to pota881um fer-
tilization. In 1966, potassium fertilization (4l) increased'wheat
and barley yields, 4 bushels or more, per acre, on calcareous s0ils
With relatively high exchsnxeabTe notassvum levels though only a
Sll”ﬂt wheat yield re300hse to potass1um fertlllzatlon, 0.5 bU° els,‘

' was observed on an acidic soil also nav1ng a relatively high exchange-
able potassium level,’ ‘Althougg thesé responses were not statistically
significant, they did éuggest that a profitable.response could be
obtained by épplying potassium fertilizer £o cereal crops grOWn on .
calcareous soils for_whiéh_present’soil tests fecommendations do.not
badvise pdtassium application,

Therefore,‘in,1967 and 1968 field trials were undertaken

N oo




to study the effect ;f potéssium fertilization on cereél yields., Calf
careous soils with both low,aﬁd high levels of exchangeable potassium
were used. The results‘ef these-expefimegts were to be related to
_existing'soil~test recommendations with the objective of confirming

or improving existing soil‘test recommendations for the growth of
Wheat. oats and barley. A gréenhouse expgfiment was also conducted’
to measure the effect‘of potéssium fertilizatibn on barley yields and
potassium uptake, The soils‘used in this eiperiment varied in levels
of exchangéable potassium,?pﬁ and percent CaCO3a' A second greenhouse .
experiment was conducted to determine the effectiveness of potassium

fertilization in reduciﬁg frost damage to barley seedlings,




.o II LITERATURE REVIEW

Successful plant growth.requires a balance of chemi-
cal, physical, biological and meteorological cenditions. Work-
'iﬁg with crop fertility, it is very difficult to isolate any one_":
of these factorsvbeoeuse they all intersct. This should be con-
stantly kept in mind while eﬁaluating the effect of potassium on
plant growth as set out in the following literature review.
Indeed, partly because of the difficulty of isolatin ng any one
factor, the li*erature dealing with the effect of potzssium on.
orop or soil fertllltJ is very controversial. Unlike the»other'_
plant nutrwents, (nitrogen,. phosnno*ous, and secondary elements),
little is definitely known about the functlon of not3831um in

plants,
A, TEE ROLE OF POTASSIUM IN PLANT GROWTH

it is known that Dotassium is fequired for plant‘growth
and that it eyists in ionic form not entering aqy chemlcal com=
bination within the plant Accordinv to Lawton and Cook (24), |
the plant processes which are affected by potassium are:

1. synthesis of simple sugars and starches

2. translocation of carbohydrates |

3. reduction of nitrates and synthesis of proteins

- b, normal cell division

They also suggest that potasslum affects the turgor of plant

cells, the formation of oils, the prodess.of phOtesynthesis‘and

'




the formation of organic acids. Kernah (23) suggests that potas-
sium is largely responsible for neutralizing the chloride and
rhosphate fons in the plant cells., Potassium may also neutra-
lize thé physiologically impprtant organic acids, act as an acti-
vator of varioﬁs enzymes, promote the growth of young meristens, :

and play a part in adjusting stomatal movement (13).
B. NATURE OF POTASSIUM IN THE SOIL )

'In mineral solls the potassium content is usually
between O.Z,and 3.3 percent (38). This soil poﬁassium can be
classified into one of three main groups: non-exchangeable'potas-
sium, éxchangeable potéssium,and watef solubie potassium, It is
datagorized into one of these groups b& phe specific extracting
agents used and the extracting procedure followed. |

Most soil pbtassium exists as non-exchangeable potas-"
sium as an elemental component of minerals such as feldépar, mica,
1eucite,.illite, vermiculite and gléuconite (38). This non-
exchangeable potassium gfdup also includes potassium that is vgry

strongly adsorbed to the soil colloids'(38). Potassium which ié
less firmly adsorbed to the soil colioids and which can undergo
;xchange reactions with other cation; in the»soii solution is
‘called exchangeableipbtassium. Potassium existing in soillsolﬁ-A
tion is known as water soluble potassium (38). It résults from
the dissolﬁtioﬁ of potash'fertilizers and the freeing of‘exchange;‘:
~ able potassium lons from the soll colloids by hYdrogen_ions froml‘
:  Water or carbonic acid (38). 6f the three potassium groups in

the soll it is the smallest,

~




An equilibrium exists between the three forms of
potassium in the soil. This equilibrium can be represented by
the following'equation: |
non-eXchangeable K<%———>exchangeablé K «#——water 501ub1e K
This ié a dynamic éqﬁilibrium; it is always changing in the soil.y
| These changes ére brought about mainly by the'uptake of potas-
sium for plant growth, by the addition of potassium fertilizérs,
~and by the dilution and concentration of potassium in soil solu-
tion éauséd by changes in soil moisture, | _

Garman (14) proposed an equilibrium which he claims
would allow for a more exact interpretatioﬁ of potassium behavior
1n_the'soil.. The proposed equilibirum is:

eichangéable K
water soluble K-L;——-——’ads;}bed K-ﬁ——~———astructural K
v n;;:éxchangeable K
Accbrding to Garman the fraction of potassium in the soil that
is usually refeéerred to as non-exchaﬁgeable_can include bpth
strongly adsorbed and structural‘potassium. (His definition of
structural potassium is that fraction of potassium which is bound
in the structure of minerals‘and whiéh‘is‘not readily replaceable
éy'other cations in most extracting solutions., Adsorbed potas-
sium is that'fractioﬁ'of potassium Which ié héld electrostatically
on the surfacé of colloidal méterial and which is more readily
replaceable byvother CatiqnsAthQn is structural potaséium;)‘.Thus,~
Garman reasons that structural potassium and strongly adsorbed
potassium should not be in the same category because of the dif;-

Terence in the ease with which the two forms are replaced;-

S
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C. AVAILABILITY AFD THE MEASURE OP AVATLABILITY OF SOIL POT-
ASSIUM TO pLA"TS

Water solﬁble potassium and the exchangeable potassium
which can be readily displéced from oolloids by other cations,
such as ﬁhe ammonium ion, are considered to be available for plant
growth, When water soluble and»exchanveable potassium are too
limited to supply the plant's demand for potéssium the plant can
make use of non-exchangeable poﬁéssium to a small degree (30, 45).
Furthermofe, the non-exchangeable potassium serves as a natufal |
reservolr regenerating exchangeablevand water soluble potassium
levelsAwhenvtheir concentration is reduced. The non~exchangeable
potassium ishliberated into the exchangeable forms through the
outlined equilibrium (38).

Most chemical analyses used to determine the potaséium
avalilable to planvs are designed to messure the amount of exchange-
abie potassium in the soil, Exchangeable.potassium is measuréd
becauée it supplies the soil solution with potassium'which,
turn, the plant can absorb, and because it can supply p0u9331um
directlJ to the plant through contact exchan@e (23, Ls), But;
because the equilibrium between the tnree forms of soil potassium
is very dynanic, it is difficult to measure ethangeablé potas-
.8ium, Another difficulty is thét‘the cation used to displace the
potassium from the colWOidai materiagl may.not alﬁa ’s be dlSOlBC~v
ing an amount of potassium comnarab1§ to thau which the plant is
able to rnmovc from the soil, Wu*thermore,“diffmrent plant spe~
cies vary in their aolllty to remove DOEaSSlLﬂ from the SOll and -

hence the amount of eACﬁaWMeaole pot8381hm in the soil is not an

~




absolute. standard for predicting the potassium available to all
species of plants,

Another problem is using exchangeable potassiﬁm as a
measure of the amount of potassiun avaiiable to vlants is that
" the amount of exchan?eable potassium increases with air drying
(17, 21, 27).. Lueks et s1. (27) working with Iowa soils con-
cluded that exohangeabie potassium values determined after air
drying may not be as feliable in predicting potassium supplying

-

ebilities as determinations done on moist soils. But Jones ec al.
(21) working with Ohio soils, found that the incresse in exchange-
able potassium associated with air drying was'ﬁon-significant for
the interpretation of soil tests.

Nelson (30) in summarizing his work, states that for
heterogenous soils determining the amount of exchangeable potas~
sium in the soil provides the best measurement for predicting
potassium uptake by plants. However he mentions.that this‘might
~not hold for soils homogenous in the smounts and kinds of potas-.
sium bearing minerals present. For one homogenous group the
determination éf exchangeable votassium may be saﬁisfactory for
predicting uptake, whereas for some other homogenous group another
chemical method such aS»stroLg acid extraction{might be equally

™

good or better,

-

D.  PLANT ACCUMULATION OF POTASSIUK

o

Kernan (23) points out that no one knows whether the

accumulation of potassium in plants is an active or 2 passive

brocess, If it is an active process,_ﬁt would require a carrier
N ;\-; . .

S




trahsport across the cell membrane as well as metabollc eneréy
to work against the electrocnenlcal gradient of the cell mem-
brane (23). If it is a passive force, then cations may be drevm
across the cell membrane by the movemenﬁ of other ions (23)., Ker-
"nan (23) also stﬁtes that some ev1dence seens to indlcate that |
potassium movement into the blant cells and root SJSteﬂ is pas-
sive, This passive process may be either a mass flow of water
or = transmembrane potential geqerated by the active transport
process of other ions into the cell.

Many theories have been Droposed to explain how plant
roots obtein cations from the soil, One theory provoses the
absorption of potaSSium from the soil solution (45). The plant
roots not only absorb the potassium ions in solution which result
from soluble potassium salts and potassium ions libersted from
the colloids by the eguilibrium process, but they can also absordb
botassium which they themselves are responsible fsr liberating
. from the colloids into the soil solution. This liberation of
potassium adsorbed to thé colloids is achieved by respiratory car-
bon dioxide which ?éacts with water to form Qarbohic acid. In
turn the carbonic acid reacts with tﬁe soll particles and thus
releases potassium ions into the soil solution (45). If the
'psfassium concentration in the soll solution is not maintained at
an adequate level for fhe brocess of absorption then another mech-
A'anismlmust be operating ts supply‘tﬁe.demand.l'This may be direct
sontact between the root hairs,snd'the.clay particles (23, 45);
When this contact 000urs, there‘maQ be an exchange of hydrogeﬁ

lons for thasSium ions between the root hairs and the clay part-

~




icles without either ion entering into the soiution pnase,
E, POTASSIUN UPTAKE AND YIELD

Dement et al. (9) placed potassium deficient oat and
corn plants grdwn in send cultures for fifteen t@.seventeen days,
in contact withAsoilS'having different levels of pétassium ferti-
lizer for periods of one to fourteen days. Although differences
in potassium uptake were evident among the different potassium
fertilizer treatments after only threé days of growfh, no dif-
Terences in'yield were observed Tor the first week of groﬁth.
These findings illustrate that uptake and yield responses to pot-
assium fertiliéation may not occur simultaneously'in the growth
cycle of plants.

Bartholomew and Janssen; as reported by Boswell and.
Parks (7), state that planfs take up pdtassium throuzghout the
growing period and that a deficiénqy at any time can affect
growth, Russell (36) reports fhat the work of Richardsén and
Tumble shows that barley éakes up potassium "rapidly when the
plant is small; a3 measured by the amoﬁnt of dry matter present,
'but the rate of u@take falls when thé plant is making itsﬁdry
matter rapidly"l. The followihg diagram illustrates their

point:

o

1. E. Walter Russell, Soil Conditions and Plant Growth (London:

Longmans, Green and Co, Ltd., 1961), p; 27;

. ]\
3
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Uptake of Nutrient and Production
of Dry Matter in Barley

100

80 |-

60 |

Potassiun

Lo -

Dry Matter

[ R N R
o 10 13 16 19 22 26

Period of Growth in Weeks

Deleano; as Russel states, says that the amount of
potéssium in the aerial parts of the plant decreases at the
end of the growing season, Since this potassium is not present
in the rodts he suggests that it is excreted back into the Soil.
Williams (45) found that the potassium content of plaﬁ; tops
reflected the-concentration of potassium in the medium, That is;
as the cpncentration‘of potassium increased in the medium, the con-
centration of potassiﬁm in the tops aiso increased. Intere;tingly,

at the lower éoncentrations of potassium Williams (45) noted that
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more plant growth was produced per unit of potassium absorbed.
Luxury consumption of potassium will nbt occur unless
the potassium level available to the planﬁ is high (19); Lawton
and Cook (24) cite Loehwing as meﬁtioning that potassium absorp-
-tion is in excess of'p;ant needs during early growth but the
excessive potassium isyusually'redistribﬁted during later stages
of growth; |
| Appiication of potassium fertilizer indreases the con#j
centration of potassium in the;plaht.but the increase is mainly
in the vegeﬁative parté of the plant, The potassium concentra-~
tion of the grain remains relatively unchanged'deSpite différenﬁ
potassium treatments. Small grain crops and corn contain about

three times as much potassium in the straw as in the seed (24).
F. OPTIMUM POTASSIUM LEVELS FOR PLANT GROWTH

Asher and Ozanne (3),»working with fourteen species of ,
prlants grown on Hoagland type nutrient cultures, observed that
iroot and tqp érowth both réached é.maximum at‘approximately the
same potassium céncentration; The ppfassium concentrations they
used were l:Z, 2.7, 23.7, 94;6, aﬁd i0164u-molar. Aﬁ a l.2 p-
molar'doncentratibn; yields'were gréatly reduced and symptéms_of
severe pptassium'defiéienéy wéré evident;' At 7.7 n~molar concen<
tration deficiency symptoﬁs were notvevident on mosﬁ plants but |
yields Were still substantially reduced. Under conditions of ?
potassium'deficienoy tob growth was more reduced than rodﬁ growth,
‘ In their study they observed that\most épecies,achieved maximum o

growth at potassium concentrations between 24 and 95 micro-molar,

~
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Aqoording'to Asher and Ozanne, these concentrations might easily
occur in the root environment of soil-grown plants. Asher and |
Ozanne further'observed that maximum\yielé was obtained.when the
votassium concentra tion ranged from 112 to 197/u~moles per gram
of tops amd from 5L to 126 u~moles per gram of roots,

Acco*dlnv to Lawton and Cook (24) the‘potassium require-
ment for the following per acre Yields of wheat, oats, and barley
are: - | | ~ “

wheat (30 bu) -  25-30 pounds of potassium

oats (50 bu) - 30-40 pounds of potassiun

barley (40 bu) -  30-40 pounds of potassiun
In these cereals (24) the vercent notassvun in the grain can range
from 0.3 to 0.5 and in uhe straw the percent potass1um can range
from 0.5 to 1.5.

Bréy, as mentioned by Allaway and Pierre (2),‘state
that 140 pounds of exohaﬁgeéble potassium per acre in the surface
six and two-thirds inches will give good Crop - growth on the corn
belt sowls of Iowa and Hlscon81n. Soils in the range of 90-140
pounds of votassium would probably respond favorablj to potqss1um/
and those below 20 pouqu would show 2 aood response, Allaway
and Pierre furuher report that Volk and Truog suggested that 165

pounds of exchaAﬂeaOTe potassium per acre is needed for proper

rlant roth whereas acco*dldd to Nurbhy 2 120 pounds Wlll usuallJ

ot

sappo"; good crop growth 6; Oklahpma soils’although occasional

responses to potassium fertilizatio may occur on SOllS Wluh up to
200 pouads of exchaqneable votassium per acre. Albrecht (1) sug-
gested that when the exchangeable pqtassium supply is less thén 100

pounds per acre tﬁe:e is cause for concern about plant growth,
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G SOIL PROPERTIES IN RELATION TO POTASSIUM UPTAKE

Jaworski and Barker (20) did an experiment in which
they used multiple linear regression analyses to see how soil

properties affect uptake of potassium by plants. These proper-

ties were:
1. exchangeable potassium
2. exchange capacity
3e percent potassium saturation _
L, exchangeable calcium and magnesiunm
5. . percent organic matter
6. - percent clay
7o pH
8. potassium supplying power
9. interaction between some of these

variables and exchangeable potassium
They found that eichangeable potassium accounted for 65 percént
of the variation in pofassiﬁm uptake; that is, the coefficient
of determination was 0965, When exchange capaoity, rercent organic
matter, exchangeable calcium, and pbtassium supplying power were
included the coefficient of determination increased to 0.82, Fron
prediction equations, it was possible to forecast that the uptake
of potassium would increasevwhén exchangeabie potassium increaseé,
when exchange capacity decreasés, when organic matter increases,
wnen exchangeable calcium increases, and when the potassium sup-
> plying power increases. |
| H: "RELATIONSHIP BETWEEN POTASSIUM AND OTHER NUTRIEBNTS:

1. Phosphorous and Nitrogen

Soofi and Fuehring (40) observed that when_available
potassium was lacking, yield responées to nitrogen and phosphorous B
were negative. fOn the other hand, excessive potassium fertiligs-

tion reduced uptake of other nqtrieﬁts and upset crop growth,




Washko (43), rking with oromvurﬁss, found a slight rise in the
nitrogen concentration of the tissue with increasing amounts of
potassium SUUDlleQ in SOlUL‘O” vp to 40 opm. Beyond 40 ponm of

s

potassiun in solution, the material harvcsted at two months showedb
decrease in its’nitrogeh concentration whereas the material nayr-
ivested et_tLree months showed an increase in nit iogen concentra- |
‘tion. It was also noted that .increasing the Cohceﬂ ration of the
solution decreased the’?hosphorous concentration within the plants,
Gilliﬁghaml(lS) conducted an experiment with rye seedlings on Van-
couver Island seils to see.whet influence nitrogeh end phognhor=-
ous have on th sorptionvof exchangeable potassium and ohserved
.that the 2ppli cetWOﬂ of nﬁtIOPen azd osphor ous; either singly
or iﬁ combination, increased the amount of‘exeh eable pobtassium
recovered by tne‘rye seedlings. Lawton and Ceok (24) mention thst
the use of nitroqen or phosphorous may intensify or even produce
potassiunm defvcleACJ symptoms 1f the supply of evalleole Dot9831um
isg low. In most cases this was due to increased growth with a
resultant dilution of votassium,

, Hamilton (16) reports that Xiertz et 2l. depressed the
phOSphof;us concentration in a-soil\solﬁtion by the use of potas
.siﬁm ehloride, He further reports that Fehr and Wesemeel found
‘that at pH? the»phosﬁhorous concentration of a2 soil solution was
iower in the.preseﬁcerofipotassium chloride and potassium nitrate
than in the pfesenoe of potassium sulfate. McGeorge and Beezele,'
also_es reported'by Hamiltoe, found'the seiubility of rock aﬁd‘

soil phosphate decreased in the presence of potassium eh1o i de

and potassium sulfate, Hamilton observe that grain yields reached




a maximum with monocalcium phosphate, ammonium»sulfate, and
potassium chlomide whereas straw ylelds reached a maximum with

monocalcium phosphate; ammonium'sulfate; and'potassium sulfate.
2, Calcium and Magnesium

Bailey (4), working witn corn on Manitoba soils, found
that a calcium to potassium ratio in the plant of betmeen 0,10
and 0.15,.(expressed-in percent), gave the best yields, Stan-
ford et al. (41) report Hoagland and Martin as having found that
a nigh calcium and magnesium to potassium ratio witnin the plants
hed a deeidedly inhibiting effect on the growth of barley and
tomatoes, | |

Ion antagonism or oompetition may account for the
repressive effect of llme on potass1um absorption or the inverse
calcium potassium relationship (31) Peach and Bradfield (31)
attribute decreased absorptlon of potassium to calcium-potassium
interactions initiated by the addition of lime to acid soils,
" The fact that plants absord more potassium from sandy soils low
in exchangeable potassium than from heavier soils higher in cal-
clum and exchangeable potassium is also attrlbuted to the high
calcium to potassium ratio in the soil solution_(Bl).

Pierre and Bower (32) state that it may be possible
" that poor uptake and yield on high lime soils are causediby hign
eoncentrations of calcium‘denressing both the uptake of notassium
and the amount of exchangeable potassium that goes into solution. S
However, York et al. (46), working with artificially created cal-

careous soils and alfalfa, found no ev1dence that calcium ions in

[
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the presence of free calcium carbonate inhibited potassium
absorption by the plants, _
. A few workers (2, 8, 41) have noted that corn grown

on high lime soils in Iowa and Wisconsin exhibited poor grouth
end deficiency symptoms., Some of these soils had as much as 140
to 200 pounds of exchanveable potassium per acre. With the addi-
tion of potassium fertilizer corn yields on these soils were .
increased substantially. The workers concluded that the poor
corn growth was due to the plants! failure to absorb adequate
amounts of potassium because of an unfavourable'balance of cations
both within the plant and.in the soil., Stanford gt al. (41) claim
that a calcium and magnesium to potassium ratio above 5, (ex~»
pressed 1n meq per plant), indicates an unfavourable balance
between the calc1um, magnesium and potassium within the plant, E
Indeed only ratios of less than 3 5 are suggestive of a state of
favourable balance. When contrasted with the unproductive fields,
the potassium content of the plants grown on productive fields
was higher but their calcium and magnesium content was lower (41)
One of the effects of potassium fertilization was to reduce the

amount of calcium and magnesium within the plant (41). Evidently
the increased uptake of potassium resulting from fertilization
adjusted the proportions of calcium, magnesium, and potassium so
,that a favourable cation balance was attained. Thus, Allaway and_
Pierre (2) conclude that a higher level of exchangeable potassium
is necessary for high lime soils than for normal s01ls. Allaway |
and Pierre (2) also point out ‘that a Tew of the productive soils

they worked with had a high caleium carbonate content There-




fore, they‘oonoluded'that calcium carbonate is not the oontrolling
factor in determining the productivity of the two types of soils.
Husseli (37) states that heavy potassium fertilization is requi-
red on the chalk soils of southern and eastern England owing to

the high levels of calcium in such s01ls.
I. POTASSIUM IN RELATION TO FROST DAMAGE

‘Potassium may have yet another interesting effect on
plant growth, Some workers have noted that potassium seems to
reduce frost damage in many types of plants. MNeyer gt al, (28)-
rebort that frost damage to plants is of two types;‘interceliular.
freezing and 1ntracellu1ar freezing, Crystailization of water
within the intercellulaf spaces produces interceiluiar freezing,
This occurs most commonly when higher plants are frozen., Water
moves toward the ice crystals from borderlng cells and also from
more distant cells by passage through intervenlng cells., Crystal-
‘lization occurring very rapidly within the cells rather than
within the intercellular spaces produces intracellular freezing.,
In the case of intracellular freezing ice may form in the cyto-
plasm, or in the vacuole, of in both;,or_it may even form betweeh
the‘cell wall and the-protoplasm: Ihtracellular freezing causes j
damage because of the lacerating effect of ice on the c&toplasm.
Intercellular freezing may damage the plant in two ways. It may'
dehydrate the protoplasm and so disorganize it. Or it may be
that the ice crystals in the_intercellular spaces cadsevmechan-A
ical deformation of the'protoplasm: Meyer et al. ‘(28) mention

[

the possibility of plant damage when frozen plants are thawed,

pmi7m”m”
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Such damege oan be caused by mechanical distortions of the pro-
toplasﬁ as a result of rapid re-entry of Weter into the cells
from the 1nteroe11ular spaces.
Meyer et al. (28) state that the basis for frost resist-
-ance lies in the properties of the protoplasm{ An increased per-
meability of the_proﬁoplasmio membrane to‘water and other.polar
compounds, & decreased structural viscosity of the cytoplasm, and
a'reduoed liability to coagulationvin case of dehydration of cer-
tain layers of cytoplasm, are some of the changes in protoplasmic
| properties which relate to the hardening of plant tissue. All of
these maj contribute»to increased frost resistance. Other less
importent features assocliated with frost resistance are: low cell=-
water'oontent, relatively high sugar content within the cells, and
e relatively high osmotio pressure within the cells, These fact-
ors reduce the amount of cell shrinkage with freezing and henoe
decrease the deformations of the protoplasm,
| There are many factors to be considered when looking at
frost damage, Accordlng to Levitt (26) frost damage depends upon:
/ 1. rate of freezing - :
2, rate of thawing
.3+ 1length of time frozen
b, number of times frozen
"5. post thawing treatment
Jung and Smith (22), in summarizing their Work with
alfalfa, sav that the percent plant survival after exposure to
freezing temperatures increased as the level of" elemental potas-
sium added 1ncreased untll a 1eve1 of 200 pounds per acre was

reached, Beyond the 200 pound level the percent survival

deoreased. In this.experlment the level of elemental phosphorous 3
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was held constantfat 80 poumds per ecre; They also Tound he
?ercenz survival after freezihg was constant when both potassiunm
and phospherous‘were added proVided the ratio of the two elements
was 5 of potassium to 2 of phesphorous. ]

Baumann, sccording to Levitt (25), noted that potatoss
supplied'with potassium were uninjured at iemperetures slightly
below freezing wnlle unfertilized Dotatoes were damaged, He felt
this was due to poorer transportation'of carbohydrates in potas-
siuﬁ-deficient plants. Apparently the earbohydrates can be res-
pire d with production of heat which protecﬁs the plants. Levitt
(25) mentions that Hilhelﬁ attributes the favourable effect of pot-
essium on plants exposed to freezing tempera tures to an increase
in cell sap concentration Whlcn nromotes an increased cellular
resistahoe to dehydration, Levitt further reports other weraers
have noted that potassiur and phospherous work in combination to
promote frost resistance. Yasuda, again as reported by Levitt,
claims potassium deficiency inhibits the formatioﬁ of sugar in
barley plants and so reduces their.hardiness. Again according to
:Lev1tt Arland clalms that pota831um dellcle CJ leads to decreased
frost resistance because of a high transpiration rate., Black (6)
-states that hl her levels of potas svuﬂ w1tn1n the plant can not
depress the freezing point suffﬂclenuly to affect the freezi ng
of he plant very much. He claims that potassium ifficient plan
have 2 higher soluable co roonydrate content, Plants which are rela-

“tively high in carbohydrates tend to be cold resistant, Blaokbalso

states that pot9331um~sufflclenu alfalfa plants suffer less from

-

winter kill than potassium—deficient plants; Stoklasa, as.reported
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by Lawton and Cook (2@), mentions that potassium helpS‘maintain‘
proper turgor in plant cells and it is this property which is
important in increasing the resistance of plants to the dehydrat-
ing effects of frost. ) )

| Thus, in sketching a conclusion, it is clearly evident
that pota331um is required for plant growth although its funo~
tlons are not deflnitely knovm, Potassium exists in the soil in -
an equilibriuvm between non~-exchangeable potassium. exchangeable
potassium,’and water soluble potassium, Thé.amount of potassium
within the piant is related to the amount'of availaﬁie_potassium
within the soil. To contribute'in the_moSﬁ beneficial way to
plant grpwth votassium must be baianced with other requiied nutri-
ents. And;.finally, in addition tolits contributions to plant
growth, by somé mechaniém'potassium seems to help prevent frost

damage.




ITI 1967 FIELD SXPERIMENT

In 1967 a field expérimént ﬁas conducted to determine
the effect of potassium fertilization on cereal growth and yield.
Results from 1965 and 1966 field éxpériﬁents influenced the deci-
sion to undertake the 1967 experiment. The 1965 and 1966 results
(18, 44) hed indicated a wheat and barley response to potassium
fertilization on soils having an exchangeable potassium level con-
sidered adequate for cerezal growth.. Although the responses
reported were not statistically significant; +05 level, they did
suggest a profitable respdnse could be obtained by applying potas-
sium fertilizer to soils for which present soil test recommenda-
tions do not advise potassium application.

The 1965 results, by Hedlin and Soper (18), showed a
barley yield respbnse to potaésium fertilizatibn on three calcar-
eous solls with relatively high exohangeablé potgssium levels.
Héwever, on a fourth field trial conducted on an acidic soii, also
with o rélatively high exchangeable potassium level, thevbarley
did not respond to potassium, In 1966, Webber and Soper (4L)
reported similar results with whéatuaﬁd Barley. Potassium fe}ti-
: liéation increased wheat and barley yields, 4 bushels plus, on cal=
careous soils with relatively high exchangeable potassium levels, -
But, only a_slight vwheat yield increase, 0.5 bﬁshels, was obse;ved
on an acidic soil also having a relaﬁively high exchangeable potassium

level,
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A, OBJECTIVES:

9

1. To determine the effect of potaesium fertilization on yields
and potassium uptake of cereels grown on calcareous solls
with varioue exchangeable potassium 1evels; . Furthermors, to
relate the results of the experiment to existing soil fest
recommendations with the objective of confirming or 1mprov£ng

_present potassium recommendations for the growth of wheat,

oats and barley on calcareous soils.

2. To study the effect of potassium fertilization on potassium
concentration, potassium uptake, and yield of plant matter,
at early stages of cereal growth on soils with various levels

of exchangeable potassium,

3. To determine the effect of the eXchangeable Ca/K ratio of
the soil at seeding on cereal yields and potassium uptake by

cereals,

L, To ascertain if there is a relatlonship between nitrogen and

potass1um uptake by cereals. B
B. MATERIALS AND METHODS:

Soils: Five field tfials were located on calcareous soils, . The
exchange able potassium 1==v'=.1 of these soils varied from 48 to 341
ppm. Two Almasippi soils, one located south of Plumas (12) and

one south of Cladstone (ll), two Gladstone soils (11), both located
south of Gladstone. and. one Marquette soil (10), located north of

Stonewall, were used. Table 1 lists some of the characteristics
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Table 1

Characteristics of the Soils Used in the 1967
Field Experiment

Depth (in) ‘

Co—&perator' " _ Peteré:A Arthur A Freeborn Foxon Ewanek
Soil Association ' Almasippi Alﬁasippi Gladstone G;adstbne Marquette‘
K (ppm) 0- 6 48 68 94 m 341
. 6 - 12 32 29 58 76 205
Ca (meq/100g) , 0- 6 13.9 . 26,8 26,2 . 32,8 33.4
ca/K Ratio() 0- 6 116 155 109 61 38
Mg (meq/100g) | 0- 6 4,4 7.0 6.1 4.5 | ‘7.8
CatMg/K Rafio(z) 0~ 6 153 195 134 69 | 47
Conductivity (mmhos/cm) 0 - 6 0.5 0.5 0.5 0.6 0.5
pH 0- 6 81 7.6 7.7 1.4 7}6_
Texture L.F.S. L.F.5. V.F,s.C.L. C.L. C.
CaCO_ (with HC1) 0~ 6 low high very high | very high medium -
3 6 ~ 12 low  wvery high very high very high high
P (ppm) 0- 6 2.7 10.0 7.2 6.0 _ 5.4
(NaHCO3 extractab;e) 6 - 12 1.4 S 1.3 2.1 1.0 - 1.0

‘Ca,-Mg and K ~-=— ammoniun acetate»éxtractable

(1) Ca/K Ratio = meq Ca/100g of soil
-meq K/100g of soil

(2) CatMg/K Ratio = mea CatMe/100¢ of soil
‘meq 'K/100g of soil
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of the soils.,

BExperimental Desiéﬁ: The trials consisted of six replicates

and were in a randomized block design. Table 3 lists the treat-

ments and crops grown.

-~

Procedure: The tfials were plahted in the third week of Hay.
The seed, and any fertilizer added with the seed, was drilled in
with a six row self-propelled seeder of the V-belt design. Each
individual plot was 6 roﬁs in width, 42 inches, and thirty feet
in length, |
All treatments‘except 1, 6, and 11 received the equiv-
alent of 90 pbunds of nitrogen and 30 pounds of P205 per acre,
The nitrogen was broadcast over the soil surface in the form of
NH,NO3 (33.5-0-0). The phosphorous, applied as NHyHpPOy (11-48-0),
was drilled in with the seed,
Treatments 3, 4, 8, 9, 13, and 14 received potassium in

the form of KC1l drilled in with the seed; On treatments'S,'lO, 15,
and 16, KCl was broadcast o&er.the soil surface. |

| Manitou ﬁhéat was grown on treatments 1 to 5, Rodney oats
on treatments 6 to lb, and Cbnquest farléy on treatments 11 to 16,

' Apprbximately three weeks after seeding a frost occurred
in the area'bf the Foidn, Freeborn, and Arthuf trials causing dam-
age to the plants of those three trials, It was apparent that the
damage to the—barley plants was nore sevére on the plotsvthét'had_
nét received potassium fertilizer than on those that had.f'Mdre;
over, the damage to the barley plants was least severe on the plots

which had received the'highest rates of potassium. Therefore, in
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order to determine whether or not the potassium content of the
barley plants differed according to the treatment which had been
applied,’a three foot portionAfréﬁ the twa central rows of each
frost—damagedfpiot was harvested. Thé harvested material was air-.
dried and weighed. Then the plant matter frbm each individual
treatment of the six replicates was bulked, ground in a Wiley mill
and analyzed for potassium content. As no pattern for the‘damage ’
suffered by the wheat and oats could be distinguished anong the
various treatments they werewnot sampled,

At about the fifth leaf stage of growth a 10-foot por-
tion fron each‘of two central rows was harvested in each plot of
the Arthur, PFreeborn, and Foxon trials. On thé Peters trial only
the wheat plots were sampled because of wild oat infestation in
the barley and oat plots. The Ewanek trial was not sampled at all
because a lack of moisture had resulted in variable germination
and hence the plant matter-was not at a uniform stage éf growth.
The harvésted material was alr-dried and weighed. The planﬁ matter
from each individual treatmeﬁt of the six replicates was bulked,
ground in a Wiley'mill, and analyzed\for potassium content.

When the piants were maturé; a.lo—foot portion from each
of the two central rows was harvested in every plot of the five
trials. The harvested material was dried, weighed, and threshed. -
After threshihg, ﬁhe grain from each individual treatment of the
s;x replicates was welghed, bulked, ground in a Wiley mill and
analyzed'for potaésium and nitrogen content. The étraw was handléd

ih a similar fashion,
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C. - RESULTS AND DISCUSSION: ) ‘ w7

Results of the barley sampling on the Arthur, Freeborn,

and Foxon trials at twenty-one days of growth (table 2) indicated

a yield and potassium uptake response where nitrogen and phosphor-.

ous feftilizer had been applied. Where potassium fertizer had
also been applied'a further yield and potassium uptake reéponse
was evident; the iargest response being to ﬁhe 15 pound ¥,0 treat-
meni. On two triasls, the Arthur and Fréeborn, the 15 pound XK,0
treatment.also produced the greateét percent.potassihm.in the
bafley plants, HoweVer, on the Foxon trial, the gpplioationfof’-

potassium fertilizer failed to increase the potassium concentra-

tion in the barley plants. These findings were of'interest because.

the percent potassium in the barley planﬁs at twenty-one days of
growth was significantly correlated, .05 level, with final barley

yields, r=0.87. Hence the data from the first twenty-one days of

growth suggests that 15 pounds of K50 per acre, KCl drilled in with

"the seed, may enhance growth, potassium uptake and the concentration

of potassium within the barley plants'during early stages of growth,

as well as increasing final yields., However, apﬁlication rates

greater than 15 pounds'of K20 per acre were of no further benefitvin

the first stages of growth,

The results of the barley sampling at the fifth leaf

stage of growth (table 3), on the Arthur, Freeborn, and Foxon trials

indicated that‘nitrogen and phosphorous fertilizer increased potas-

sium upteke and yield; but gave no conclusive indication that potas-

sium. fertilization had further increased yields at this stage of
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Yield, Potassium Uptake and the Percent Potassium in the Barley

Table 2

Plant Matter at 21 Days of Growth (1967)

Yield (1b/ac)

Potassium Uptake (1b/ac)

Percent éotassium

Co-operator Arthur  Freeborn Foxon Arthur Freeborn Foxon Arthur _Freeborn Foxon
Treatment
N - P205 ~ Kp0(1)
11. p - 0 -0 | - 66.3 86.4 91.4 - o 1.97 3.16 3.79 2.97 3.46 4.15
12. 90- 30 - 0 118.8  110.6 . 125.2 3.10 4.1 5.95 2.61 3.78 4.75
13.,90 - 30 - 15D | 156.8 123.8 133.9 5.17 - 5.37 6.32 3.30 4.3% 4,72
14, 90 - 30 -~ 30D | 125.7 101.0 121.1 4.14 4,32 5.66 3.29 - 4.28 4.67
15. 90 - 30 -~ 60B 151.3 118.4  129.8 | 4,16 4,49 '6.05 2.75 3.79 4£.66. .
16. 90 - 30 - 100B 125.7 104.7 122.0 3.24 3.78 5.90 2.58 3;61 4,84
D - - KCl drilled in with the seed .
B ~  KC1 broadcast on the séil surface
(1) - nutrients in pounds per acre

L2




Lo-operator

Yield, Potassium Uptake and Percent Potassium in the Plant Matter

. Sampled at the Fifth Leaf Stage of Growth (1967)

Yield (cwt/ac)

Peters Arthur Freeborn Foxon

Potassium Uptake (1b/ac)
Peters Arthur Freehorn Faxon .

_Pefcent Potassium
Peters Arthur Freehorn. Foxon

(1) - nutrients in pounds per acre

- Treatment
- - r o).
N P205 K20 |
1.. 0 - 0 - 0 2.5 3.6 6.7 7.8 6.5 25.7 27.1 2.60 3.16 3.84 3.47
2. 90 - 30 - O, 3.7 4.4 10.6 12.0 8.7 42.2 46.3 2.35 2.72 3.98 3.62
3, 90 - 30 '- 15D: 5.2 5.5 10.9 11.4 ~14.5 42.7 41.4 2.79 2,61 3.92 3.63
4, 90 - 30 - 30D . 5.8 5.5 10.1° 11.6 18.6 42,1 41.6 3.20 3.46 4,17 3.59
5. 90 - 30 -'100B 4,2 5.2 11.0 12.0 13.4 42.4 43,0 3.20 3.24 3.85 3.58
L.S.D. (.05) 1.1 NS NS NS
6. 0 - 0 - 0 2.2 4,1 4.5 6.8 15.6 20.5 3.10 3.80 4.55
7. 90 - . 30 - 0 3.1 6.5 8.4 8.3 26.0 37.4 2.67 4,00 4,45
8. 90 - 30 - 150D 3.6 6.1 9.1 12.3 24.6 40.6 3.41 4.04‘ 4,46
9. 90 - 30 -~ 30D 4.5 6.3 8.8 16.9 28.5 40.2 3.75 4,52 4,57
10. 90 - 30 -~ 100B 4.0 6.6 9.6 14.5 28.1 42.9 " 3.62 4,25 4,47
L.Sth (005) 009 NS NS
11. 0 - 0 - 0 2.1 10;1 7.3 6.3 36.8 27.9 2.99 3.64 3.82
12. 90 ~ 30 - 0 5.9 17.8 15.3 17.2 63.9 59.5 2,91 3.5¢ 3.82
13. 90 - 30 - 15D 6.6 18.7 14.9 21.6 73.9 58.6 3.27 3.95 3,93
14, 90 - 30 - 30D 5.5 16.1 13.6 18.5 66.5 57.1 3.36° 4,13 4,20
15. 90 - 30 - 60B 6.3 16.2 15.5 17.1 60.1 63.1 2.71 3.71 4,07
16. 90 - 30 - 100B o 4,7 7.7 17.3 16.2 68.1 71.1 3.44 3.85 4,11
. ' ' : oo}
¢ D -~ KCI drilled in with the seed
B - KCl broadcast on the soil surface
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growth., However, in most cases, potassium uptake did increase
with potassium fertilization. The potassium concentration in the
barley plénts also increased with all but one potassium treatment
on one txial,;treatment 15 on the Arthur trial. A significant,
.05 level, although low, correlation coefficient, r=0,69, wés cal-
:culated between the pqtasSium concentration in the barley plants
at the fifth leaf stage of gréwth and final barley yields. Overéll;
treatment 14 was considered optimum with regard to the percent pot-
assium in the barley plants at the fifth leaf stage of growth.
Results of the wheat sampling at the fifth leaf stage of
growth (table 3) on the Peters, Arthur, Freeborn, and Foxon trials
indicated that nitrogen and phosphorous fertilizer increésed pot-‘
assium uptake and yield. With the applicatioﬁ of potassium fer-
tilizer as well,'yield and potassium uptake were further inéreased
on soils with exchangeable potassium levels of 68 ppm or less, But,
the application of potassium on soils having higher exchangeable
potassiun 1evels produced no yield, potassium uptake, or percent
potassium, response in the wheat plant matter at the fifth leaf
stage of growth. On the Peters and Afthur trials the 15 pound K50
tréatment produced the best yieldAinéreaée pei unit of fertilizer,
increasing yields by ;50)and 110 pounds respectively. The increase.
on the Peﬁefs trial was statiétically significant, .05 level,

although the increase on the Arthur trial was not. Hesults from
~ _

the Peters and Arthur tfials'also indicated that potassium ferti-.
lization increaséd potgésium concentration in the wheat plants aﬁ
the fifth leaf stage of growth, Howevér, the correlation coef=-

' ficient; f=0.49, betweénvthe potassium concentration at this stage

I e
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of gréwth and final wheat yields was non-gignificant at the .05
level.

Results of the oat sampllnﬁ at the flfuh leaf stage of
growth on the Arthur, Freeborn and Foxon urials'(taole 3) indi-
cated that nitrogen and vhosphorous fertilizer increased potassium
upteke and yield., On the Arthur trial, application of potassium )
as well produced a luruher response- ‘the 15 pound 20 treatment
producing a substantial ;ncrease wnlle the 30 and 100 pound KZO
treétments produced significant incréases. This suggests the like-
lihood of an oat response to potassium fertilizstion at the_fifth
1eaf stage of growth oh soils of lower excnangeable potassium
levels, 68 ppm or less., However, the results ffom the other two
trisls, the Foxon and Freeborn, which were higher in exchangeable
potassium, showed no conélgsive evidence for an oat yield response
to potassium fertilization at the fifth leaf stage of groﬁth. Sim-
ilarly, the uptake of potassium and:the concentration of potassium
in the oat plant were substantially increased by potassium ferti-
lization on the Arthur trial but not on the Freeborn and Foxon
trials. A.signifiqant, .05 1eve1, rglationship, r=0.90, was
observed between.the percent potassiﬁm in the oat piant at this
stage of growth and the final oat yields. y

’fﬁe potaSsium¢recommendation for cereals on the soils of
theﬂPetérsvandlArunur trlals wes 15 bounds of X,0 per acre (42)
and the recom nended meuhod of appllcetion was to drlll the botas-'
sium in with the seed. Therefore, on these soils, a wheat, oat,

and barley response to potassium fertilizer was expected. On the

Peters trial, there was a significant, .05 level, orain and total




Grain and Total Yields of Wheat, Oats and Barley
at Final Harvest (1967)

Grain Yield (bu/ac) , Total Yield (cwt/ac).
Co-operator Peters Arthur Freeborn Foxon Ewanek Peters Arthur TFreeborn Foxon Ewanek
Wheat
Treétment
_ N ¢ )]
N PZOS KZO |
1. 0~ 0 - 0 '15.6 15.7 25.1 . 21.9 15.3 - 23.3 ~21.6 40,3 27.5 18.0
2. 90 - 30 - 0 22.9 21.5: 32.3 33.6 36.2 37.4 26.9 42,5 46.2 49,0
3. 90 - 30 - 15D 34.4 22.9 29.3 31.4 25.3 49.3 _-31.0 39.0 42.9 37.8
4, 90 - 30 - 30D 31.8 22.2 30.0 28.7 24,7 48.0 31.6 39.0 39.1 36.2
5. 90 - 30 - 100B 29.4 22.1 29,5 29.2 29.8 44,7 "32.5 43,2 39.9 40.4
L.S.D. (.05) 6.9 NS NS NS 6.6 9.7 NS NS 5.6 6.7
Oats
6. 0- 0 - 0 22.3 14.12) 45,1 49.8  37.4 20.8 11.3(2 32,6 33.0  27.1°
7. 90 - 30 - 0 54.7 13.4 - 49,2 68.8 52.2 44.8 14.1 34,3, 45,1 43,7
8. 90 - 30 -~ 15D 67.5 - 18.7 54.2 67.4 62.8 51.0 16.1 - 36.1 43.0 - 39.8
9. 90 - 30 - 30D '62.5 19.2 56.6 69.2 57.6 49.9 18.1 37.5 44,5 45.8
10. 90 - 30 - 100B 59.5 19.1  62.8 " 66.5 71.6 48.1 16.8 41.5 42 .4 "53.2
L.S.D. (.05) NS 4.8 10.1 NS NS ’ NS - NS 6.9 NS NS
Barley
11, : 0 - 0 - 0 26.8 19.2 38.0 36.7 27.3 31.4 19.2 32.3 33.5 31.9
12. 90 - 30 - 0 42.4 40,1 41.6 53.2 64.9 »53.8 29.4 39.5 50.1 60.0
13. 90 - 30 - 15D 47,7 40.4 44,6 51.0 64,2 , 56.7 - 37.5 41.8 47,7 57.8
14, 90 - 30 - 30D 43.3 34.9 43.9 48.3 63.4 56.3 33.3 41.3 45.0 58.7
15. 90 - 30 -~ 60B- 43.9 37.5 42,2 55.3 68.9 55.8 34.1 40,2 51.9 62,2
- 16. 90 - 30 - 100B 34.5 - 36.7 39.0 56.9 64,2 52.6 33.8 39.5 55.2 61.9
' L.S.D. (.05) . NS NS NS 4.4 NS NS 7.3 NS 4.3 NS
D - KCL drilled in with the seed
B - KC1 broadcast on the soil surface
(1) -  nutrients in pounds per acre

oat yields were small, probably due to low
precipitation during growing season -

(2)

¢
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yield‘reSponse by wheat énd a substantiazal but noﬁ-significant, .05
_1eve1, response by oats and barley to the recommended treatment
(tavle &), Furthermore, an overall COmpariSOn,of the yields pro-
duced by the varidué potaséiumvtreatments revealed that the 15
pound K0 treatment was optimum for cereals on tﬁis»soil. On the
Arthur trial, only oat grain showed a significant response, .05
level, to potassium fertilization; the optimum tresatment being 15
pounds of Kp0., Wheat and bafley results indicated no grain yield
response to the application of potassium. However, 15 pounds of
KoO did increase total wheat and barley yields. The barley total
yield increase was sighificanf‘at the .05 level. Therefore, the
results of these two trials support, though notlconclusively, the
present potassium recémmendations for the two exchangeable potas-
siunm levels represented by these soils.

The soil test.reoommendation (42) for the Freeborn trial
did not advise application of potaséium for wheat, oats, and bar-
ley. But, as this séil had an exchangeable potassium level of 94
ppm, only 9 ppm above the ﬁresent critipal potassium level for
cereal growth, it was doubtful whether or not thé cereal grains
would show a respoﬁse to potassium, The yield results (tabie Ly,
both'grain and %otal, revealed that wheat did not respohd to potas-
sium fertilization on this soil, and, in fact, wheat yields were
réduded'by potassium spplication, treatments 3, 4, and 5. Oats on
the  other hand, show?d a favorable requnsevto all potassiﬁm treat-
’ ments. The 15 pound KZO treatment increased oat grain yields sig-
nificantly and the 30'§6und K,0 treatment increased oat grain and

total yields significantly, .05 level. Barley too showed a response




to the 15 pound X0 treatment although it was not significant at
the .05 level, a 3 bushel increése in barley grain yield andla
230 pound increase in total barley yield. Powever, the barley
yields produoea by the 30, 60, and 100 pound K50 treatments were
lower than those produced by the 15 vound K,0 treatment. There-
fore, elthouoh these results support the present potassium recom-
mendations forlwheat.they also sugzest that oat, and possibly Bar-
ley yields, could be increased by potassiuvm fertilization even on‘
soils with an exchangeable poﬁassium level as high as 9L ppm.

The exchangeable potassium levels of the soils of the
Ewanek and Foxon trials wés rated as very high and therefore the
' soil test recommendation (42) did not advise the application of
potassium for cereal growth. Yence, on these two tx 1a1s, ) wheat,
oat, or barley response t6 potassium'fertilization was not expected.
The graein and total yield results for wheat (table 4) bore out these
expectations as potassium fertilization reduced vields on both
trials. The reduction on the Ewanek trizl was significant a2t an
+05 level. On the Foxon trial potassium fertilization either did
not alter oat 5raln and total ylelds, treatment 9, or else decreased
them, treatments 8 and 10, But, on the Ewanek trlal, oat yields .
ﬂwere’substantiaily, although non-significantly, increased by pot-~
assium feriiiization;iﬁreatmeﬁt 10 illustrated a 19.4 bushel per
acfe increase.. Barlg&'grown on the Foxon trial showed an increased
respoﬁse in grain énﬁ totalbyields to broadcasf potassium tréatf ,
_ments 15 and 16. fAnd} on'the Bwanek trial, treatment 15 produced'
increased barley grainland total barley-yiélds although the increase

was’not.éignificant at an'.05 1eve1. On the other potassium treat-
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nents of these two trials barley yields were reduced.. Therefore,
these results support the recoﬁmendation for wheet, but suggest
that oats and barley miéht-respond to high broadeast application‘
of potassium, 60 and 100 pounds of KZO per acre, even on solls
.With very high levels of exohaﬁgeable petassium.

| In 196?,jﬁidley (35)'and_Bailey (5) reported similarly
" inconclusive barley results fron their Manitoba field trials.
ﬁidley's trials were 1oeated on soils which had an exchangeable
pbtassiumvlevel considered sufficient fer barley growth and his
data_indioated no barley response to potaseium fertilization. On
the othef hand,‘Bailey; Whose triels were also located oh_seils'
which were considered to have an adequate level of exehangeable
potassium for barley growth, repoxrted a'good barley yield responee
to potassium fertilization, particularly on the 150 and 200 pound
' K50 per acre Broadcast treatments,

Total potassium uptake by ﬁheat (table'5) increased on
the Peters and Arthur trials with votassium application. On the
'Freeborn trial, o@ly the 100 pound'bi applicatioﬁ resulted in an
increased potassium_uptake. 'On the Foxon and Ewanek trials, pot-
aesium applicaﬁion>decrea6ed uptake éy wheat, With:oats,‘potas-
"sium-applicatie% coneistentiy increased total petassium uptake on
the Peters, Arthur,-Ffeeborﬁ,~and Ewanek”trials although the 15
pound Kzoﬂtreatﬁent-produced only a small uptake response on the
Freeborn'trial and decreased uptake on the EWaﬁek'trial. On the
Foxon trial the l§faéd 30 pound K2
assium uptake responses aithough the high rate of epplication, 100

O treatments produced smell pot-

P

pounds of KZO per acre, reduced uptske,




Table 5

Potassium Uptake by Wheat, Oats and Barley
at Final Harvest (1967)

Potassium Uptake (1b/ac)

Co—-operator crop Peters Arthur Freéborn Foxon vaanek
. _Treatment .
N - P,0, - Kzo(l)»
1. 0- 0 - 0 Wheat 14.6  15.2  33.2  24.5 15.6
2. 90- 30 - 0 Wheat 22.0  17.6 . 33.6  43.8 46.0
3. 90- 30 - 15D Wheat 32.6  21.8 333 4Ll 40.1
. 90 - 30 - 30D Wheat 3%.8  25.0  33.3  38.7  40.5
5. 90 - 30 - 1008 Wheat 39.6  28.4  40.4  38.6  41.1
6. 0- 0 - 0 Oats 11.6 8.4  27.6  48.1 31,2
7. 90 - 30 - 0 Oats 18.2 7.8 27.3  65.7 68.5
8. 90 - 30 - 15D Oats 26,7 14,6  28.4  66.5 5.6
9. 90 - 30 - 30D Oats 29.9  15.0  33.8  67.6  76.2
10. 90 - 30 - 100B Oats 41.3  16.8  36.4  64.5 82.9
1. 0- 0 - 0 Barley 22.4  14.9 299  48.4  38.5
12. 90- 3 - 0 Barley 20.6  14.6  32.1°  68.3 79.7
13. 90 - 30 = 15D Barley 35,5 21.2 3.8 70.8 81.8
14, 90 - 30 - 30D Barley 41.6 - 19.6 35.2 64.6  87.7
15. 90 < 30 - 608 garléy 2.1 19.1  30.8  77.9 93,8
6. 90 - 30 - 1008 J ‘Barley 46.5  26.0  36.8  90.3  102.4
D -~ KCl drilled in with the seed
B~ KCl broadcast on the soil surface
(1 - nue

nutrients in pounds per acre




36

With barley, potassium application increassed potassiun
uptake on all trials except treabtment 14 on the Freeborn plot.
Meximum uptake was achieved with:the 100 pound XK,0 treatment on
2ll trials except the Freeborn which achieved maximum uptake in
response to the 60 pbﬁnd treatment,’ | .

Thus, increased potassium uptake in response to potas-
sium fertilization can be expected from oats and barley growh on
soils having an exchangeable potassium level of up. to 341 ppm.-
Wheat, however, will probably not respond to potassium fertiliza-
tion on soils with an available potassium level greater than 94
rpm. A possible explanation for the differing uptake respoﬁse
between wheat and the other two cereals may be that the uptske of
potassium per unit weight for wheat was less thén'forfoats and
barleyﬁ The uptake of potassium per pound of wheat produced was
0.0087 pounds, whereas for'oats it was 0.0llO per pound of oats
produced, and for barley 0,0108 pouﬁds per pound of barley pro-
duced, |

Signifipant linéar corfelations,-.05 level, were observed‘
between the amount of potassiﬁm taken ub by wheat, oats and barley
and the grain yields at harvest (figﬁres 1, 2, and 3). The corre-
lation coefficients were 0,71, 0.71, and 0.91 respectively, Simi-
larily, significant linear correlatidns were observed between the
amount of potassiuﬁ\taken<up by these.three cereals and their‘total_
'yields. - The correlation-é?efficients calculated for these‘relation—
ships were O;?i (wheat), 0166 (oats), and 0.78 (barley). Nelson (29).
has reported that the &ptake of pofassiﬁm incfeases-as barley and

Wheap yields increase. Thus, the 1967 data indicates that to g
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large extent uptake of potassiunm byloerals is a function of cer-
eal yield, _ _

The uptake.defa also indicates phet potassium uptake by
wheat and barley varies with the level of available potassium in
the soil. Significant correlation coefficients, .05 level, were
observed between the 1eve1 of availabie potassium and potassium
uptake by Wheaﬁ, r=0,88, and the level of available potassium and
uptake by barley, r=0.94, Howe#er, no significant relationship;
«05 level, was observed between the level of available potassium
and pofassium uptake by oats, r=0.61.

The addition of nitrogen and phosphorous to the equiv-
alent of 90 pounds of W and 30 pounds of P205'per‘acre resulted 1n
rather large inoreases in grain and total yield for all three cer-
eals on all trials with only one exception; oat grain vYields on the
Arthur trial were reduced by the application of nitregen and phos-

' pheroue (table 4). Likewise, the application of nitrogen and phds-
phorous resulted in increased potassium uptake by cereals on the
Peters, Foxon,_and Ewanek trisls (table 5). The increases on the
.Foxon and Ewanek trials were large. Probale this increased potas-
sium uptake was due to increased cereal growth in response to the
nitrogen and phosphorgus’fertlllzatlon. But, on the Arthur and
Ffeeborn trials, poteesiﬁm upteke by cereale was either reduced,
‘unaffected, or\increased only‘slightly, where nitrogen and phos-
phorous fertilizers had been applied.

To determine the degree of relationship between nitrogen
and potassiun uptake, llnear correlation values were calculated for

the upteke of the two nqtrlents by the three cereals at final har-




39

Vest. The uptake of the two nutrients was observed to Be signifi~
cantly oofrelated, .05 level; r=0,72 for wheat,'O.?Z for oats, and
0.90 for barley. Since potassium uptake was significantiy correlated
with cereal yields and nitrogen uptake was significantly correlated
with potaséium uptake, one can posﬁulate that if nitrogen was a
limiting factor then a responsebto potassium fertilization might not
materiaiize.' If so, this would be especially'true of soils already
high in available potassium because there might not be sufficient
additional nitrogen to bring about a response in growth if potassium
were added.

Results which indicate’that calcium and magnesium affect
potassiun uptake'and therefore the growth of plants have been
reported. Workers (30, 31) noted that corn grown on high lime soils
in Iowa and Wisconsin exhibited poor growth and potassium deficiency
symptoms, although the soils had 140 to 200 pounds of exchangeable
potassium per acre. Their conclusion was that the poor corn growth
was due to the plants! failure to absorb adequate amounts of potas-
sium becaﬁse of an unfavorable balance of cations both'within the ‘
plant and the soil. Pbtagsium fertilization increased potassium
uptake thereby adjﬁsting the proportion of Ca, Mg, and X in the
plant so that a more favorable cation balance was attained. Other
workers (32, 38, 42) ﬁavé reﬁorted similar observations and conclu-
sions. = . - i ’ &. ‘ |

Toﬁasoertainbwhether the"Ca/K and Ca+Mg[K ratios in the-
soil had affécted'pofassium uptake and cereal yields on the trials
of this experiment, iinéar borrelation values were calculated (table

7)e With wheat, signifipant negatcive linear correlation coefficients,’




Table 6

Nitrogen Uptake by Wheat, Oats and Barley at
Final Harvest (1967)

Nitrogen Uptake (1b/ac)

Co—-operator erop. Peters Arthur Freeborn Foxon ‘Ewének
.Treatment
N - 2,05 - Ky0(})

1. 0 - 0 - 0 . Wheat 29.3 33.2 53.8 42,6 24.8
2. 90~ 30 - 0 Wheat ,AQ'S 48.6 66;9 75.8 74.7
3. 90 - 30 - 15D Wheat 69.8 52.3 62,9 73.7 53.9‘
4. 90 - 30 - 30D Wheat 65.6 52.5 64.8 66.7 53.3
5. 90 - 30 - 100B Wheat 59.5  53.3 . 64.5  68.4 63.5
6. 6- 0 - 0 Oats 23.8 19.4 42,2 45,7 27.0
7. 90 - 30 - o0 Oats 53.1  25.7  47.6  66.2  52.2
8, 90~ 30 - 15D Oaés - 59.8 40.1 50.6 63.7 52.3.
9. 90 - 30 - 30D Oats ©60.7 317 517  65.8  52.2
-10. %0 - 30 - 100B -Oats 56.9 29.3 55.7 61.6 "65.5 .
1. 0- 0 - O Barley 38.1 | 31.9 50.2 45,8 29.9
12. 90 -~ 30 - 0 _ Barley 73.1  51.6 62.8 77.5  83.6
13. 90 - 30 - 15D  Bérley 74,2 61.9 66.8 76.5 79.0.
14. 90 - 30 - 30D ‘Barley 69.0  51.8  “65.5 74.6 80.0
15. 90 - 30 - 608 Ba?l_ey 65.7 51.3  60.2  83.4 87.1
16. 90 - 50 - lQOB ,Barle; - 61.0 55.4 60.5 86.1 80.9

D .© KC1 drilled in witﬁ the seed

B \KC1 broadcast on the soil surface

(1) nutrients in pounds pef acreﬂ
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«05 level, were observed.between the Ca/i ratio aﬁd grein yields;
r=-0.,89, the Cetig/{ ratio end grain yields; r=-0.91, and the
Catilg/K ratio and total yields; r=-0,95, These correlation results
suggest that the Ca/K and Catiig/K ratiés.ih the so;l do have some

‘ beéring on wheat growth, apparently the lower the ratios, the higher
the,yields; The correlation results'for oats also suggested that
the Ca/K and Cafﬁg/K ratio in the soil affect yields and potassium
uptake, ‘Significant negative linear correlation'coefficients, .05
level, were calculated bétween the Ca/K ratio and potassium uptake
by oats; f=-Q.99, the Ca+ig/X ratio and total oat yield; r==0,96,
and the Ca ﬁg/ﬁ ratio and potassium uptake by oats; r=-0.99. Simi-
larly, correlation results str§any indicate that barley'growth is
affected by the Ca/k and Ca+ﬁg/K‘ratios in the so0il, beoause.signi-
ficant negative correlation coefficients were calculated between
the'Ca/K ratio and.grain yields; r=-0.93, total yield; r=-0.,99, and
potassium uptake; r=-0.92, and, between the.Ca}Hg/K ratiq and grain»

yield; r=-0.92, total yield; r=-0.98, and potassium uptake; r=-0,99.
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Table 7

Linear Correlation Values (r) between Ca/K, CatMg/K Ratios
in the Soil at Planting Time and Grain Yields, Total Yields
and Potassium Uptake by the Cereals at Final Harvest. (1967)

Wheat ;n(z) (3
Ca/K ratio vs. grain yield -~ 3 -0.89(1)
Ca/K ratio vs. total yield .2 -0.95
Ca/K - ratio vs. potassium uptake 2 -0.90
. Cat¥Mg/K . ratio vS. grain yield 3 —0.91(1)-
Cat+Mg/K ratio vs. total yield 2 -0.95(1)
Cat+Mg/K ratio VS. . potassium uptake 2 -0.90
e Oats —
Ca/K ratio vs. - grain yield 3 +=0.75
Ca/K ratio vs. total yield 2 -0.95
Cca/K ratio vs. potassium uptake -2 ~0.99
Cat+Mg/K ratio ’ vs. grain yield 3 -0.74
Ca+Mg/K ratio vs. total yield 2 -0.96(1) -
CatMg/K- ratio vS. | potassium uptake 2 -0.99(1)
Barley
Ca/K ratio SVS. grain yield -3 -0.93(1)
Ca/K .ratio . vs. _total yield .~ 3 -0.99(1)
Ca/K -ratio vs. potassium uptake 2 -0.99(1)
Ca+Mg/K ratio vs. grain yield 3 -0.92(1)
CatMg/K ' ratio vs. total yield. 3 -0.98(1)
2 -0.99(1)

CatMg/K ratio : vs. potassium uptake

(1) 'significant cdrrelation at the .05 level.

-;(2)  Peters' trial not included where n=2 (n
. is the number of degrees of freedom).

- ~ (3)  r values are for 90-30-0 treatment.




IV 1968 PIRELD EXPERIMENT

In 1968 2 field experiment similar to the 1967 field
experiment was conducted to supplement the 1967 results. More
" explicitly, the experiment was conduoted_to determine if compar-
able results could Be obtained'within the seasonal variations of
two growing years. Hence, this experiment was also conducted on
calcareous soils which ranged from very low to very high in exchan-

geable potassium.
A, OBJZCTIVES:

1. To determine the effect of potassium fertilizatién on yields
and potassium uptake of ceréals grown on éalcarebus soils
with various‘éxchangeable potassium levels, TFurthermore, to
relate the results of the experiment to existing soil test
recommendations with the objective of confirming or improving
present potassium recommendétions for the growth of wheat,

oats and barley on calcareous soils. .

2. To study the effect of potassium fertilization on potassiun
concentration, potassium uptake, and yield of plant matter,
at early'stages of cereal growth on soilé with various

levels of exchangeable potassium.,

3. - To determine the effect of the exchangeable Ca/K ratio of
the soil at. seeding on cereal yields and potassiunm uptake by

cereals.
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Iy, To. ascertain if there is a relationship between nitrogen and

potassium uptake by cereals.
B,  MATERIALS AWD METHODS:

- Soils: Five field trials were located on celcareous soils. The
exchangeable potassium level of these soils varied from 30 to 414
pom, Three Plum Bidge soils (33), 1ocated north-east of Teulon,
one Pine Ridge soil (10), located south of Vits, énd one Marquette
soil (10), located north of Stonewall; were used, Table 8 lists

some of the characteristics of the soils.

Bxperimental Design: The trials consisted of six replicates and

were in a randomized block design, Table 10 lists the treatments

and crops grown.

>

frocedure: The trials were planted in the third week of May;’ The
seed, and any Tertilizer added With'ﬁhe seed, was drilled in with a
six row self-propelled seeder of the V-Belt désign. Zach individuai.
plot was 6 rows in width (42 inches) and thirty feet in length.

A1l treatments received the equivaleht'of 90 pounds of »
‘nitrogen and 30 poundg éf ?205 per acre., The nitrogen was broadcast 
‘over the soil surface in the form of REMUS (33.5-0=0), The phos=
phorous, épﬁlied as NH4H2P04 (11-48~0), was drilled in With Fhe ’
seed. | ’ | |

Treatments 2, 3, 6, 7, 10, 11, 12, and 14 received potas-
sium in the form:of KC1 drilléd invwith the seed. On treatmeﬁts L,

8, 13, and 15, KCl was broadcast over the soil surface.

flanitou wheat was grown in treatments 1 to Ly, Rodney oats




Table 8§

Characteristics of the Soils Used in the 1968
Field Experiment

Depth (in)

Co;operatof . Elipk | Kiel Pérso?ﬁg J Perso %§ Ewanek
north east
Soil Association Pine Ridge Plum Ridgé Plum Ridge‘Plum Ridge Marquette
K (ppﬁ) 0- 6 30 83 102 126 414
Ca (meq/100g) . 0- 6 21.8 . 19.5 24,3 24,5 2;3.4
Ca/K Ratio (¥ 0- 6 284 92 193 - 76 27
Mg (meq/100g) 0- 6 5.5 4.4 3.9 5.2 5.7
CatMg/K Ratio (3) 0- 6 355 113 108 o1 . 32
Conductivity (mmhos/cm) 0- 6 : 0.6 0.5 0.3 - 0.3 : 0.4
pHl ‘ 0-. 6 . 8.0 8.3 8.2 8.3 7.8
Texture ' FfS.L. V.F.5.C.L. V,F.S5.C.L. V.F.S.C.L. c.
Percent CaCOg, O'— 6 6.8 11.3 11.2 ﬁ10.3 ) 7.7
6 - 12 14.5 23.6 24.0 18.6 20.4
P (ppm) 0- 6 3.9 4.1 4.8 10.2 7.4
(NaHCO3 extractable) 6 - 12 7.1 »0.9 ) 0.9 1.5 2.9

Ca, Mg and K —-- ammonium acetate extractable

(1) Location of test on co-operator's land

2 ca/x Ratic - meq Ca/100g of soil
meq K/100g of soil

meq CatMg/100g of soil . .
meq K/100g of soil :

(3) CatMg/K Ratio =




Table 9

Yield, Potassium Uptake and the Percent Potassium in the
Barley Plant Matter Sampled at 14 Days of Growth (1968)

Yield (1b/ac)

S;e

Potassium Uptake (1b/ac)

ge

Percent Potassjium

o
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Treatment g
D _ (1)
| N P205 KZO | |
9, 90 - 30 -« O 18.7 37.5 27.4 72.2 44.3 0.1 1.0 0.9 2.8. 2.2 0.6 2.7 3.3 3.9 4.9
10. 90 - 30 - 15D | 34.7 41.1 34.7 78.1 53.5 0.6~ .7 1.6 3.1 3.2 1.6 4,2 4.5 4.0 6.0
11. 90 - 30 - 30D 41.1° 43.9 32.0 64.0 54.8 0.8 2.0 1.7 3.6 2.7 2.0 4.6 5.4 5.6 4.9
12, 90 - 30 -~ 60D 38.4 55.3 30.2 53.9 41.1 . 1.0 3.0 1.7 3.0» 2.6 2.5 5.4 5.7 5.6 _6.2v
13. 90 - 30 - 60B 29.7 48.0 39.3-73.6 38.8 0.4 1.4 1.3 2.6 - 2.0 1.3 3.0 3.3 3.5 5.1
14, 90 - 30 - 100D 43.9 47.5 20.6 41.1 34.7 1.1 2.7 1.2 2.6 2.2 2.6 5,7 5{6 5.1 6.2
15. 90 - 30 - 10038 "33.8 41.6 38.8 67.6. 37.9 0.5 1.3 1.6 2.7 2.1 1.5 3.1 4.2 4.0 5.4
D - KC1 drilled in with the seed
B ~ KCl broadcast on the soil surface
oS
(1) - nutrients in pounds per acre %))
- ,
(2) - - location of test on co-operator's land




R.Y4

in tréatments 5 to 8,-and Conguest barley in treatments 9 to 15.
During the early part of the growing season samples werer
| taken as follows; at 14 days of growth " a three fooﬁ pértiqn from
each of the two central rows of each barley plot of tﬁe 5 trials
was harvested. At 21 and 28 days bf growﬁh all fhree cereals were
sampled, a threé foot portion being harvested from each of the two -
central rows of each plot. of thevfive trials. The hérveéted plant
material from each individual treatment of the six replicates was
bulked. The bulked material was then éir dried, weighed, ground in
.a Wiley mill and‘analyzed for potassium content,. A A
When the planté were mature, a 10 foot portion from each
of the two central rows was harvested in every blot of the_five
trials. The harvested material was'dried, weighed; and threshed.
After threshing, the grain from each individual treatment of the
six repliéates was Weighed; bulked,'ground'in a Wiley mill aﬁd ana-
lyzed for potassium and nitrogen coﬁtent. The straw was handled in

a'similar fashion,
C. RESULTS AND DISCUSSION:

Resulté of the barley sampling at 14 days of growth'(taﬁle
9), indicated that the application of potassium fertilizer to soils
having an e#changeable'potassium level of 102 ppm or less en%anced
growth, potassium uptake, and the conce@tration of,pqﬁassium in the
barléy plants. On the Eligk trial, every potassium treatment increa;
sed growth considerably; the 100 pound K50 drilled in treatment pro-

duced maximum yield, potassium uptake, and concentfation of pbtas-

sium in the plant, Every potassium treatment increased growth on the 




Kiel triallalso, with the 60 pound KZO drilled in treatment showing

- the lérgest-yield and potassium uptake responses ahd the 100 pound
Kzovdrilled in treatment showing the largest concentration of potas-
sium in the plant matter.. Every treatment but one, the 100 pound
'KZO driiled ih treatmgnt, incréased yields on the Pefsoage north
triél, the largest resbonse being to.the ldo_pound KZO broadcast
treatment. Also on the Persoagé north trial, potassium uptaké, and,
in‘éll but one case, the potassium concentration in the plant matter;

-was increased with potassium fertilization. (The 60 pound X,0 broad~

2
cast treatment did not alter the potassium concentration in the
plants). dn the Persoage east and Ewanek trials, exchangeablé potaS-
sium levels of 126 and 414 ppm respectively, the 15 poundeZO treat-
ment produced an increase inbbarley plant matter yield. However, thé
other_pptaséium treatmenté,_except treafment 13 on the Persoage east
trial and treatment 11 on the Ewanek triél, resulted in deéreased
plant matter yields at 14 days of growth. Potassium uptake and the
‘percent potassium in. the barley plant métter eiﬁhér increased or
femained unaltered when potassium fertiiizer Was applied to these twa
trials. Overszll, the potassium concentration in~the barley plants at
14 days of grbwth waS significantly-cofrelated, .05 lével, with the
final barley}yields, r=0.5d, élthough the correlatioh'coefficient was
small, . » | | .

Results of theVbarley sampling at 21 days of groﬁt“
(table 10) indicated that in most céses ﬁhe applicatidn of potassiunm
fertilizer increased yields, potassium uptake, and the potassiunm
concentration in the barley plants. On the Eliuk trial, every pdt—

assium trestment considerably increased growth, potassium uptake, -




Table 10

Yield, Potassium Uptake and the Percent Potassium in the
Plant Matter Sampled at 21 Days of Growth (1968)

Yield 51b/ac) Potassium Ugtake (1b/ac) Percent Potassium
’ S O SN S

e o= o8 % ~ o o y o= & %

] ! P IT] T c = - oY 0w e =] — wE @ W =3

_ ot o VIR IR o _ o HO W o o 3] IR VR e ]

o — ol 0 0o ¢ o 5 — o g o O c z — P ¢ o O =

Co-operator =1 M oo oo = I3 I -V = B -V = = N e A a 5]

Wheat
Treatment on
' 1

1. 90 - 30 - 0O 37.5 107.9 62.2 54,8 123.4 0.2 4,3 2,5 2.0 7.1 0.5 4.0 4.0 3.7 5.8
- 2. 90 - 30 - 15D {114.,3 118.4 65.4 53,5 110.6 3.9 5.9 3.1 2.5 6.3 3.4 5.0 4,7 4.6 5.7
3. 90 - 30 -~ 30D /129.8 128,4 53.0 65.4 112.0 4.7 6.4 2.3 2.9 6.4 ‘ 3.6 5.0 4,3 4.5 5.7
4, 90 - 30 - 1008 }115.2 112.0 60.3 59.4 122.9 4,4 4.8 2.5 2.6 7.0 3.8 4,3 4,2 4,3 5.7

Oats
5. 90- 30 - O 30.6 67.2 50.3 43.4 ' 83.6 0.2 2,4 2,1 2,0 5.0 0.7 3.5 4,1 4,5 6,0
-6, 90 - 30 - 15D | 69.9 59.0 55.3 40.2 81.3 2,0 3,1 2.9 2,2 5,2 2.9 5.3 5.3 5,4 6,4
7. 90 - 30 - 30D | 64.0 63.1 55.8 39.3 75.9 2.3 3.5 3.2 2.3 4,9 3.6 5.5 5.8 5.8 6.4
8. 90 - 30 - 100B | 69.5 71.3 64.0 54,8 85,5 2.6 2,9 2,8 2,4 5,3 3.7 &0 4,3 4,3 6.2
Barley
9, 90 - 30 - O 33.4 143,00 82,3 160.9 134.4 0.2 6.2 3.1 6.3 7.5 0.6 4,3 3.8 3.9 5.6
10. 90 - 30 - 15D {147.2 186.5 117.0 205.7 147.6 3.2 10.1 5.5 8.6 9.0 2.2 5.4 4,7 4.2 6.1
11, 90 - 30 - 30D j163.1 155.4 111.1 242.2 124.8 6.0 6.8 5.3 11.1 7.5 3.7 4,4 4,8 4,6 6.0
12, 90 - 30 -~ 60D |164.1 152,6 108.8 216.2 116.1 8.2 9.0 5.4 8,7 7.2 5.0 5.9 5.0 4,0 6.2
13. 90 - 30 =~ 60B {144.0 170.,5 124.8 215.2 147.6 3.5 7.8 4.6 8.4 8,9 2.4 4.6 3.7 3.9 6.0
14, 90 - 30 - 100D {133.9 134,4 82,7 147.2 114.3 6.2 7.9 4,5 7.8 7,2 4,6 5.9 5.4 5.3 6.3
- 15. 90 - 30 -~ 100B {136.6 137.6 110.1 173.7 145.3 4,2 6,1 5,0 7.5 7.8 3.1 4.4 4.5 4.3 0 5.4
| D - KCl drilled in with the seed | | | S
B ~  KCl broadcast on the soil surface
(1) - nutrient in pounds per acre

(2) - location of test on co-operator's land
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and potassium concentration in the barley plants, the maximum growth;e
potassium uptake, and potassium concentration, beiné produced by the
60 pound K26 drilled in treatment.- However, at this stage, the 30
pound\Kzo treatment was optimum with regard to yield. On the Kiel
“trial, all treatments increased growth with the exception of the 100
pound K,0 drllled in and broadcast treatments, which reduoea growth,
The 15 pound K,0 treatment produced maximum yield. Potassium uptake
by barley grown on the Kiel trial was increased with every potassium
treatment except the 100 pound K,0 broadcast treatment which did not
alter uptake; Potassium concentration in the barley plant matter
increased with the 15 pound, the 60 poundvand the 100 poundldriiled.
in treatuments; thesother potessium treatments did not alter'potas-
sium concentration. On the Persoage east and Persoage north triels
potassium fertilization increased both potassium uptake and yield.,
"(There was one exception, the 100 pound K50 drilled in treatment did t
not alter yield), Maximum yield on the Persoege‘north trial was

~ obtained with the 60 pound K50 broadcast treatment; on the Persoage
east trial maximum yield was obtained with the 30 pound K50 treat-h
ment. For these two trials the potassium concentration was either N
increased or not aitered when potassium fertiliéer was applied. On
the Ewanek trial, the 15 pound, the 60 pound, and the 100 pound K50
.broadcast treatments increased yield with the 15 pound Kzo treat-
ment being optimum,. The other three treatments reduced yield. How-
ever, potassium fertilization dld increase pota581um concentration
(exoept for the 100 vound broadcast treatment which did not .alter
potassium concentration)'and'potassium uptake, Flnal barley yields

were not found to correlate s1vnifloantlJ, «05 level, with vercent
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potassium in the barley plants at 21 days of growth; r=0,23.
ﬂ - Results of the wheat sampling at 21 days of growth (tablev
‘iO) indicated that potassiuﬁ fertilization increased yields, potas-
sium uptake, and the concentratien of petassium in the plants on
soils With an exchangeable potassium level of 83 ppm or less., On
the Kiel and Eliuk tfials eVery potassium treatment produced a res-
ponse in yield, potassiunm uptake,»and votassium concentration in .
the plant matter; the 30 pound Kzortreatment being optimum with regard
to yield on these two trials, On the other three trials potassium
fertilization produced fewer positive responses in yield, uptake, and,
-concentration, Cnly three treatments produced a reeponse in yield on
these three trials, the 15 pound'KZO treatment on the Persoage north
trial; and the 30 and 100 pound K20 treatments on the Persoage east
trial. The other potassium treatments, except the 100 pound AZO
treatment on the Bwanek trial which did not alter yield - reduced yleldv
at this stage of growth., On the Persoage east trial potassium uptake
increased with every potassium treatment. On the Persoage north trial
the 15 pound Kzo treatment increased uptake while the 30 and 100 pound
K20 treatments did not aiter potassium uptake. On the Ewanek trial,
potassium uptake decfeased with the 15 and 30 peund KZO treatments,
and was not altered by the 100 pound ﬁzo treatment On the two Per-‘
soage trials potassium concentratlon increased with the application of
- potassium fertilizer, while, on the Ewanek triai, potassium concentra-
tion was not altered with the application.of potassium.fertilizef.
Overall, no significant correlation coefficient, .05 level, was
obeerved between potassium concentration in the wheat plant et this

stage of growth and final wheat yields, »=0,32.
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Results of the oat saﬁpling at 21 days of growth (table
10) indicated that potassium fertilization had a more consistently
positive effect on uptake and cohcentration tnan on yler. On thé
Elivk and Persoage»nbrth triels every potassium trestment produced
a yield response. But; on the Kiel, Persoage east, and Zwanek trials,
only the iOO pound KZO treatment increased oat yield; the other pot--
assium treatments reduded yields at this stage of growth., Potassiunm
fertilization increased potassium uptake on every trial, the only
exception being the 30 pound KZO treatment on the Ewanek trial. fotf
assium fertilization also increased potassium concentration in the
plant matter on 2ll trials, with one exception, the 100 pound KZO
treatment on the Persoage east trial, However, the correlation coef=-
ficient, r=0,41, between potassium concentration at this stage of -
growth and final ¥ields was non-signifioant at the .05 level,

Results o; the barley sampling at 28 days of growth (table
11) irdicated that in most cases potassiumn fertilization produoed
increased yields, potassium upteke, and potassium oonoentration in
the plant matter. On the Eliuk and Ewanek trials, every potassium
 Ureatment inereased yield. Yields were also increased with 21l bﬁt??ﬁ
two potassium treatments on the Kiel.triél; t:eatments 11 and 15
reduced yiélds; Similarl&, on the Persoage north trial yields were
increased with 2ll but two potéssium treatments; treatments 13 andvlb_
reduced ; yields, On the Persoage east trial three potassium treat-
ments; the 15, the 30, and the 60 pound KZO.broadcast-treatments,
increased yields.A However, the 60 pound KZO drilléd in aﬁd the 100
pound'Kzo drilled in treatments reduced v1e1ds, while the 100 noqu

K,0 broadcast treatment d*d not alter vlnlds. Potassium upta“n

LS




" Table 11

Yield, Potassium Uptake and the Percent Potassium in the
Plant Matter Sampled at 28 Days of Growth (1968)

Yie%&ﬂ(lb/g&) Potassium gptake g}b/ac) Percgnt(fota§§ium
oI 80—~ ' N oh~ BN G~ -
a2 o= o ) -~ = = S ~ o= & 3
R~] Loa) 0w & [LEE S =1 o] r~ 0 w & forl = Lo [/ S w & [=1
o o IR 0 @ o o uw g @ o ¢ LU e ©
— o g o o o = v~ o o 0 o = — - 00 0T 5
Co-operator - M pmE O R & o AE MU o B X aE mo &
’ Wheat |
Treatment W
1).
N - P2Q - K20 T
1. 90 - 30 - 0 59.9 314.,4 147.2 160.4 240;4‘ 0.6 13.8 5.3 6.6 12.0 1.0 4.4 3,6 4.1 5.0
2, 90 - 30 =~ ‘15D 290.7 266.9 188.3 221.2 267.3 7.6 12.8 8,1 9.7 14,7 2.6 4,8 4.3 b 5.5
3. 90 - 30 -~ 30D 363.3 287.9 169.1 160.4 222.1 12.7 l4.4 7.3 8.0 12.0 3.5 5.0 4.3.5,0 5.4
4. 90 — 30 - 100B 265.1 289,3 194.2 179.6 272.8 10.9 13.9 8.4 8.1 14,2 4,1 4,8 _4.3 4.5 5.2
Oats :
5. 90 - 30 -~ 0 92.3 134.4 197.0 132.1 220.3 0.7 5.5 6.9 5.9 12.1 0.8 4.1 3.5 4,5 5.5
6. 90.- 30 -~ 15D 230.3 152.2 188.7 139.4 185.5 5.1 7.8 9.3 . 7.5 10,9 2.2 5.1 4,9 5.4 5.9
7. 90 - 30 - 30D 174,6 139.8 . 217.1 194,7 185.5 5.4 7.6 10.6 . 10,9 10.9 3.1 5.4 4.9 5,6 5.9
8, 90 - 30 - 100B | 215.2 142.6 249,1 159.5 218,0 8.2 7.1 11.7 8.5 12.9 3.8 5.0 4,7 5.3 5.9
Barley
'9.90- .30 - 0 62,2 527.4 339.6 519,2 287.9 0.4 21.1 12.6 17.1 13.5 0.7 4.0 3.7 3.3 4.7
10. 90 - 30 -~ 15D 446,0 627.5 380,7 591.8 351.0 8.0 27.0 .17.1 23.1 17.6 1.8 4,3 4,5 3.9 5,0
11, 90. -+ 30 - 30D 393.9 466.6 353.,7 566.,7 354.6 S 12.2 23,3 16.3  27.2 18.1 3.1 5.0 4.6 4.8 5.1
12, 90 - 30 -~ 60D 539.3 660.4 365.6 503,2 299.3 22,7 36.3 18.7 25,7 . 16,2 4,2 5.5 5.1 5.1 5.4
13. 90 - 30 - 60R 415.0 611.0 202.9 570.8 330.1 14,5 24,7 8.1 23,4 16.5 3.5 4,0 4,0 4.1 5.0
14, 90 - 30 - 100D '} 420,0 554.,8 254.1 446.5 312.1 22.3 3n.s 13.0 22.8 16,9 5.3 5.5 5.1 5.1 5.4
_ 15, 90 - 30 - 100B 461,1 473,9 351.0 516.,4 337.3 18.4 21.3 15.1 23.8 17.5 4,0 4,5 4,3 4,6 5,2
W
.D - KC1l drilled in with the seed (W)
B - KCl broadcast on the soil surface -~
(1) -  nutrients in pounds per acre
(2). - location of test on co=operator's land
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responded to potassium treatments on all five trials, as did the pot-
assium concentration in the plant matter. The only exception was the
60 pound K>0 broadcast treatment on the Kiel trial which did not
affect the potassiunm concentration in the plent matter. Moreover, a
signlflcant .05 level, correlation coeffiecient, r=0,77, was observed
between the potassium concentration in the barley plants at 28 days
off growth and flnal barley yields,

The results of the wheat sampling at 28 days of growth
(table 11) indicated somewhat erratic yield responses to potassium
fertiiization, although uptake and concentration responses were quite
consistently positive. Onvthe Eliuk trial potassium fertilization
produced a yield response, However, on the Kiel trial, potassium fer-
tilization reduced wheat yields at this stage of growth. On the otherx
three trials potassium fertilization increased wheat yields, except |
for the 30 pound KZO treatment which, on the Persoage east trial,'did
not alter yield and, on the Ewanek trial, reduced yield° 'Potassium
uptake was increased by.the application of potassium fertilizer on all
five trials with only three exceptions, These were'the 15 pound KZO

treatment on the Kiel trial Whlch reduced uptake; the 100 pound K.0

2
" treatment on the Kiel trial which did not affeot upteke, and, the 30
pound Kzo treatment on the Ewanek trial which did not affect uptake.
Furthermore, §otassiumvfertilization increased potassium concentration
in the plant matter on all five tria als. However, no significant, .05
level, correlation coefficient, r=0,.38, was observed between the pot—
assium concentration at 28 days of growth and final wheat yields.

The results of the oat sampling at 28 days (table 11) indi-

cated that'potassium fertilization increassd yields on soils with an
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'exchangeable potassium level of 126 ppm or less. - The only ekception
was the 15 pound‘KéO,treatment on the Persoage north trial whicﬁ
reduced oat yields, On ﬁhe Ewanely trisl which had an exchangeable
potassium level of 414 ppr, yields were consistently reduced by the
application of potassium fertilizer;_ Potassium u@take also increased
when potassiunm fert;lizer was applied to soils with an exchangeable

potassium level of 126 ppm or less, Interestingly, on the Ewanek

ct

rial, potassium uvtake was reduced with the 15 and 30 vound Kzo
treatments but slightly incréased with.the 109'pouﬁd KZO troatment;
The potassium oonoentration in the plant matter increased on all five
.trials with the applicatién of potassium fertilizer. A significant,
-+ 05 level, correlation coefficienp, r=0,62, was observed between pot-
.assium concentration at 28 days and finai oat yields,

The potassium.recommehdation for cereals (L3) on the soil
of the Eliuk trialAwas 30 p&unds of Kéo ver acre, and on the soil of
Kiel-trial-15 pounds of KZO per acreé VThe»recommended*method of
appliqation was to drill the potassiﬁm in with the seed. Therefore,
on these soils, a wheat, oaf, and barley grain resvonse to potassium

fertilizer was expected, 1
On the Eliuk trial, Qhere was a significant, .05 level,
grain and total yield response by wheat, oats, and barley (table 12)

to‘every‘pdtaSsium treatment,’ But, en overall comparison of the

9]
e

vields produced by the various treatments revealed that the recom-
mended rate of 30 pounds of.Kzo rer acre was not sufficient to produce
maximum cereal yields on a soil with such a low éxdhamgeable POt~

assium level. On this tfial the largest cereal yields were realiéedn

with the 100 pound K50 treatment. It should also be noted that barléy




Table 12

Graln and Total Yields of Wheat, Oats and Barley
at Final Harvest (1968)

Grain Yield (bu/ac) : Total Yield (cwt/ac)

U (4] g’r/‘\ g)%
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Wheat
Treatment ( )‘
1
N-PO -XK
. 25 2O ) o

1. 90 - 30 - O 5.0 52.1 . 31.3 37.3 25.0 23.3 85.5 49,9 66.9 47,2

2, 90 - 30 - 15D 33.7 59.0 30,9 39,2 26.0 ] 61.8 100.5 52,2 68.3 46.9

3, 90 - 30 - 30D 40.7 60.0 33.9 35.0 29.4 71.5 92,4 55.6 - 61,6 50.4

4, 90 - 30 - 100B 44 .4 59.5 32.5 38.9 30,7 70.6 95.2. 54.2 70.9 51.6

L.5.D. (.05) 3.7 5.2 NS NS 3.6 15.9 NS NS NS NS
Oats

5, 90.- 30 -~ 0 22.3 106.1 71.3 100.3 72.1 31.9 383.7 65.4  73.3 52.9

6. 90 - 30 -~ 15D 52.4 104.9 69.5 97.8 72.6 62,5 79.4 67.8 72.7 52,6

7. 90 - 30 - 30D 75.1 . 104.4 68.4 107.3 71.5° 76.5  82.1 61.7 79.4 - 52.5

8. 90 - 30 - 100B 84.3 111.6 72.6 97.4 80.0 83.8 85.1 66,3 73.8 - 54,2

L.S.D. (.05) 18.2 NS NS ’ NS NS ‘17.4 NS NS - NS NS
: Barley ‘ S . ,

9., 90 - 30 - O 2.4 75.1 58,9 59.9 62.1 6.0 82.5. 62.9 . 71.9 52.6
i0, 90 - 30 - 15D 43.8 71.6 53.1 63.8 68.1 49,4 74.6 59.5 - 70,5 56.3
11, 90 - 30 - 30D 56.9 77.7 62.2 62.8 68,8 59.6 82,2 69.8 - 71.4 58,9
12, 90 - 30 - 60D 62,7 79.1 63.5 58.6 ° 65.6 65.9 94,7 744 66.6 55.8
13, 90 - 30 - 60B 57.9 76.7 64.8 66.6 69.4 70.5 84,9 68.5 77.8 . 57.9
14, 90 - 30 ~ 100D 65.4 80.2 68.8 57.8 71.1 68.9 95.3 78.6 67.7 58. 3
15, 90 - 30 - 1008 59,2 77.4 . 53.3 69.0 70.8 63.9 88.7 65.0  78.3.  59. 7\“
: L.S.D. (.05) 7.2 NS NS NS NS 9.5 . 12,2 ¢ * NS NS NS

' D - KCl drilled in with the seed .
B - KC1 broadcast on the soil surface
(1) -  nutrients in pounds per acre
(2) - location of test on co—operator s land
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grain yields of tﬁe drilled in potassium treatments surpassed the
yields of the broasdcast treatments. |

On the Kiel trial, a significant, ;05 leVel, wheat grain 4
and a non-significant, .05 level, wheat total yielé response wes
observed with every botassium treatment, the optimum treatment with
regard to wheat yield being 15 pounds of Kzo per acre. With oats,
only the 100 pound K50 per acre treatment increased grain and total
yields, a non-significant increase at the ,05 level, The 15 and‘30~
pound Kzo treatments reduced both oat grain and total yields. Two
treatments on the Xiel trial, 60 and 100 pounds of KZO drilled in,.
produced a substantial, although non-significant, .05 level, barley-
grain response; 4,0 and 5.0 bushels respectively. These two drilled
in.treatments also increased barley total yields significantly, .05
level. The 60 and lOO pround Kzo_broedcast treatments, and the 30
ipound Kzoldrilled in treatment'also realized non-significant, .05
level, barley grain responses,’ But,‘the 15 poundszo treatment
reduced barley grain yield. | |

Hence, these results support preseht potassium recommenda-
tions for the grbwth of wheat on'a soil having an exchangeable potas-
sium levei as represented by the Kielltrial;. qewever, the results
from the Elluk trial and the oat and barley results from the Kiel
trlal suggest that the rate of potassium fertllization presently
recommended for the growth of these cereals be increased on soils
with eychanweable potassiunm levels as represented by these two trlals.

| The soil test recowmendation (43) for the two Persoage

trials did not advise the application of votassiunm fertilizer for".

wheat, oats,;and barley. Because these soils had exchangeaﬁle potas-




58

sium levels of 102 and 126 ppn it was doubt;ul whether or not cer-
eals would respond to potassium fertilization. However, small, 2.6
'bushels or less, non-significant,’.05 level, wheat grain responses
were observed with the 30 and 100 pound KZO treetments on the Per-
soage north trial, and ﬁith the 15 and 1001pound KZO treatments on
the Persoage east trial. Substantial but non-significant, ,05 level,
total wheat yield increases were observed with all treatments except
the 30 pound Kgo treatment on the east’trial; But, on these two
trials, only one treatment increased oat grain and total oat yields
substantially, non—signifioantly,at an .05 level, the 30 pound Kzo
treatment on the Persoege eas% trial., The other potassium treat-
-ments either had 1it£1e effect or reduced oat yields. On the other
hand, on the Persoage north trial, every pota381um treatment but tNO,
the 15 pound and 100 pound Kzo broadcast treatments, increased bar-
ley grain yields, non-simnifioantly at an ;05 level, HMaximum barley-_‘
grain yield on the Persoage noﬂth trial was observed with the 100
pound YZO drilled in treatmenu which produced a 9.9 bushel response,’
Total barley yields also showed a respoqse, non~significant at an

<05 level, to every potassium treatmeqt except the 15 pound 520
treatment which reduced yields. On the Persoeve east\trlal every
potassiuvm trestment but\two, 60 and 100 pounds of KéO drilled in,
increased bariey'grain Yields. The 100 pound KZO broadcast treat-
ment produced the maxiﬁuﬁ response'on‘the Persoage eest trial, 9.1
bushels,’ However. only two potassiunm freatments'inoreaSed the total

barley yield on the Dersoave east trlal the 60 and 100 pourd K,0

2
broadcast treatments,’ Therefore, although tnese results suooort tne

. bresent recommendations for oats, they also suzgest that barley yields,
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band to & smaller degree, wheaﬁ yields, ceuld be increased on soils
having exchangeable potassium levels as represented‘by these two
trials, |

The exchangeable potassiun level of the so11 of the Ewanek"
trial was ?ated as very high and the soil test reconmeQdetlon (43)
did not advise the appllcatlon of potassium for cereal growth, There-
fore, on this So0ll & cereal response to DOESSSlum fertilizer was not
expected. However, wheat and barley did respond to potassium ferti-
lization. The 30 and 100 pound K20~treatments produced a significant,
.05 level, response in wheat grain yields., These two treatments
also increased, non-31gn1ficantly at an ,05 level, totzl wheat yieldso

Barley grain and total barley yields also showed a response to every

potassium treatnent, The'maximum bafley yield was achieved with the
100 pound KZO drilled in treatment, a 9.0 bushel response, However,
only one treatment increased‘bat grain and total oat yields; the 100
pound 2O treatment wnlch produced a ? 9 bushel reSponse.. The other
two treatmeqts did not affect oat grain and total oat yields. These
results suggest that wheat aﬁdvbafley might "respond to potassium
fertilization on soils with very high ;evele of exchangeable potas-‘
sium, ~Additionally; they also suggest %he possibility that oats |
might respond to high applicetions of nota831um on soils with high
levels of exchangeable potassium,

Total potassium pt.ke'by wheat (table 13) increased on
the Eliuvk, Kiel, and Persoage north trials with the application of
potassium fertilizer., On the otner two trials, the BEwanek and the
Persoage east, total ‘uptake of botassium decreased with potess1um

fertilization, except for the 100 pound‘Kzo treatment on the Persoage




Table 13

Potassium Uptake by Wheat, Oats and Barley
at Final Harvest (1968)

Crop

_ Potassium Uptake.(lb/ac)
Co-operator Eliuvk . Kiel i:;igigg P:;:g?§§ Ewanek
Treatment
| N - 2,0, - Kzo(l)
1. 90~- 30 - 0 Wheat 12,2 58.6  26.2  46.9 36.8
2. 90 - 30 - 15D Wheat . 15.8  75.3 28,9  42.9 33.1‘
3. 90 - 30 - 30D Wheat 20.0  73.6  35.3  43.8 39.1
4. 90 - 30 - 1008 Wheat 34,2 84.5 346  59.0  35.5
5. 90~ 30 - 0 Oats 9.5 76.1  42.9 548 0.1
6. 90 - 30 - 15D :. Oats | 13.0  79.5 45,5  61.1  63.1
7. 90 - 30 - 30D Oats '19.1 85.6  39.6  65.7 60.1
8. 90 - 30 - 100B Oats 25.7. 94.5 46,2  62.0 55.4
9. 90 - 30 - 0 Barley 2.8 79.6  47.0  50.0  49.4
10. 90 - 30 - 15D B;;iey | 13.8 . 70.9 . 49.1 51.8  58.9
11. 90 - 30 - 30D Barley 21.5  90.3  '55.8 52.1 63.5 -
12, 90 - 30 - 60D Barley 35.0  125.0 68.8 541 66.7
13. 90 - 30 - 608 Barley 33.4  106.2 535 5.1 69.7
14. 90 - 30 - 100D Barley 53.8 136.8 78.9  59.9 68.7
15. 90 - 30 - 1008 Barley 46.6  120.8  70.1  81.5 70.8
J D - KC1 drilled in with the seéd
B - KC1 b:éadcast on the soii surface
(1) - nutrients in pounds per acre
(2). - location of test on co-operator's 1§nd




‘east trial and 30 pound KZO trestment on the Ewanek trial which
‘increased uptake. '

Total pgtassium uptake by oats (table 13) increased on .
the Tliuk, Kiel, and Persoagé'trials with potassium fertilizaéion;
. Thé only exception was & decrease in upteke with the 30 poundeZO

treatment on tqe eﬂsozﬂe noxrth % ial; On the Ewanek trial only

the 15 pound AZO treatnent produoed a small increase in Dota381um

uptake;
Summing up these results; an incﬂeaoed DOt&SSlUﬂ uptake
in response to votassium fert17izot10ﬁ can be expncted for barley

grbwn on 3011s with an exchangeable votassiunm level of ﬂlb bpn Oor
iess; Potéssium uptake by oats caan be eipected to increése when
soils having an exchangezble potassium level of 126 ppm-or.less afe,
fertilized with potéssium. Probably, potassium uptake by wheat will
respond to potassiun fertilizationAon soils with an exchangeable
potassium level of 102 ppm 6f’less. In a'general sumuary'of potas-
sium uptake data, it should also be noted that the uptake of potas-
sium per pound of wheat produced Was_0;0066 pdunds whereas for oats
it was 0.0077 pounds per pound of oats produced, and for barley
0.0092 pounds per pound of oarlej nroduoed.
| vSignificant linear correlation coezflclenus, .05 1evel,‘
. were calculated between the ambunt ofrpotassiumvtaken-up by-wheat,
oats, and barleJ and grain ylelds at harvest, flvures L 5, a“d 6?
The correlation coefflclenus were O 80, 0.75 and 0.85 respectively.
WThen the 1907 and 1968 daba was comolned, signif cant llnepr correla-

tion coe’flcleats, .05 level, Were also calculated beuweea oot3881uu

upta&e and graln JleldS of wheat, oats and barley at flnal narvest
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r=0.81, 0.73 and 0,79 respectively; Significant linear cdrrelatiqn
coefficients, .05 level;.were calculated betweeh the amount of potas-~
sium taken up by wheat and barley and the total yields in the 1968k
data., The correlation coeffioients were 0.89 and 0;78.respectively;
However, no significanﬁ correlation coefficient,..OS level, Was
observed between DotassiumFUpta”e and oat total yield r=0,28, 'But
when the 196? and 1968 data was comblned 31gniflcant linear correla~
tion coefflclents, .05 level, were calculated between potas31umw
uptake and total yields of the three éereals at final harvest, r=0.,75
"~ for wheat, 0.56 for oats énd 0.74 for barley. No significant rela-
tionship, .05 level, was observed between potassium uptake (1968
data) by wheat, oats and barley and the level of exchangeable poﬁas;
sivm in the soil; r=0,16, 0.40 and 0,22 respectively. |
| A comparison of the drilled in and broadcast methods of
. application is interesting.(table 12). For example, on the Eliuk

and Kiel trials the 60 pound K_O drilled in treatment produced more

2
barley grain than the 60 pound broasdcast treatment, whereas on the.
two Persoage trials and tne Ewanek trlal it produced less barley
grain, However, in a comparlson of the two methods of apbllcatlon'
for 100 péund Kzo treatments,,the drilled in treatment out yielded
the broadcast treatment on the Kiel, Zliuk, and Persoage ndrth trials,
On the Persbagé east frial, tﬁe 100 pound Kzo brqa&cagt treatmént out
yieided the drilled in treatment, But;'on the Ewanek trial, 1o dis-
tinct difference in barley grain yield was observed between the two
methods of application. however, with poth the 60 gnd 100 pound KZO

apvlications, the differences in yield between the broadcast and

drilled in treatments, although fairly large, were non-significant at.
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an .05 level on the Eliuk, Kiel, and Persoage trials. These results.
suggest tﬁat drilling in high rates of pota831um ferb11lzeﬂ with the
seed on soils with low eychanveeDWe potassiun levels, 102 ppm or‘
‘less, 1s a nore favourable method of nppilcatvon tqar broadcast ng
the fert11lzer on the SOll surface with regard to barley grain vyields,
On s01ls of higher exchangeable.potassiumvlevels broadcasting hiah
rates of Dot8881um fert ilizer will proboblr result in oreater barley
grain yields than drilllng the fertilizer in with the seed.

To determine.the degree ef relationship between‘nitregen
andwpetassium uptake, linear correlation values were-calculated for
the uptake of the two nutrients by the three ceresls. The uptake of
the two nutrients was observed to be significantly correleted, .05
level, for wheat; r=0.78, and barley;'r=0.70. However, nitrozen and
potassium uptake by oats was not.observed to be sighificantly, . 05.
level, correlated, r=0.22. But when the 1967 snd 1968 data was come
bined and linear correlaﬁion ceeffieients were caleulated between |
nitrogen and potassium uptake, significant relationships, .05 level,
'were observed for wheat;_r=0.75, oats; r=0.52, and‘barley; r=0,75,

To ascertain whether the Ca/K and Cat¥ g/n ratios in the s01l:f

had affected potassium uptake and eere 2l yields on the trlels of thls
experiment, lines r correlation values were calculated (table 15)
Only one 31wnlchenu, .05 level correlation value was ooservea, the
relationship between the Ce+ﬂg/f raulo in the soil end oerTeJ grain
vyields, r=-0,92, T he correlauvon values for the other relationships,
Ca/K and Catilg/K ra ios versus ‘potassiunm uoueke, graln yield, and

total yield, proved to be aon—svgnificanu, .05 level, for the three
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Table 14

Nitrogen Uptake by Wheat, Oats and Barley
at Final Harvest (1968)

N

Crop .  Nitrogen Uptake (1b/ac)

Co-operator ' _ , Eliuk Klel :§§i§?§$ Pigzi?gs Ewane#
. Treatment_
M-y - Kéo(l)
1. 90- 30 - 0 ' Wheat 42.0 108.6  56.6  80.3 52.3
2. 90~ 30 - 150  Wheat 819 125.2  55.6  77.3  50.1
3. 90 - 30 - 30D Wheat 92.7 120.1  62.0  70.6 56.6
4. 90 - 30 - 100B Wheat .' 98.0 117.9 56.1 75.4'A 159'3
5. 90- 30 - 0 Oats 486 1003 56.3  72.2 0.4
6. 90 -~ 30 - 15D Oats ©78.6 92,7  56.1  73.3 60.1
7. 90 - 30 - 30D Oats 95.4  95.5  51.9  79.4 . 58.4
8. 90 - 30 - 100B Oats - 96.7  94.5  58.6 - 69.6 66.0
9. 90 - 30 - 0 Barley . 14.6  125.6  75.4 80.2  69.6
10,90 - 30 - 15D Barley 81.8 113.8  64.8  77.4 76.7
1. 90 - 30 - 30D Barley 891 1226 718 772 77,0
12. 90 - 30 - 60D Barley  96.3 138.8  73.7  70.5 738
13. 90 - 30 - 608 Bafiey 87.1 129.8  75.0  80.7 "_“74.1
14. 90 - 30 - 1008 ‘ Ba}ley ~ 101.3  141.6 481.9 66.0 ) 75.8
15. 90 - 30 - 100D " Barley 91,7 126.7 65.6 83.0  103.5
b - KCl drilled in with the seed
B . - KCl broadcast on the soil surface
(1 - nutriepts in pounds per acre‘

(2) - ‘location of test on co-operator's land
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crops, the excevtion being as méntioned above between the Catiig/K
ratio and.barley grain yield. However, the number of degrees of
fréedom for these relationships in thisAeXperiment was sméll (tabIe
15), When linear correlation coefficients were calculated for the
;967.and 1968 combined date (table 15) most of these relationships

)

were significant, .05 level, With wneat, significant, .05 level,

<r
jay
®

v
i
{
'

negative linear correlation coefficients were observed betieer

Ca/% ratio in the soil and grain yield; r==0.70, between C2/¥ ratio

and rotassium uptalke; r==0,73, between Cetlg/X ratio and srain yield;
==0,70, 2nd between Cetiig /X ratio and potassium uptalie; r=-0,73.
Por oats, significant, «05 level, negative linear correlation coef-

assiun uptake; r=-0,79, and between the Catite/K ratio in the soil

and potassiun uptake; r=-0.80, Similaxly, significant, .05 level,

ae soll and barley grain yields r=-0.86, barley total
yields, r=-0.76, and potassium uvptake by barley; r=-0,80, =nd bhetween

Catlic/¥ ratio in the soil and barley grain yield: r=-0,87, totsl bar-

ley grain yield; »=-0.77, and votassium uptake by barley; r=-0.20,




Table 15

Linear Correlation Values (r) between Ca/K, Ca+Mg/K
Ratios in the Soil at Planting Time and Grain Yields,
Total Yields and Potassium Uptake by the Cereals at
Final Harvest for 1968 and for 1967 and 1968 Combined Data

- 1968 - - 1967 and 1968 -

wheat - n rl2) - a3 (2)
Cca/K . ratio vs. grain yiéld 3 ' -0.68 ' 8 -0.70(1)
Ca/K ratio vs. total yield 3 -0.55 - 7 -0.55
Ca/K ratio vs. potassium uptake 3 -0.68 - 7 50.73(1)
Ca+Mg/K ratio vs. grain yield 3 -0.68 8 -0.70(1)
Ca+Mg/K ratio vs. total yield 3 -0.55 7 -0.55
CatMg/K ratio vs. potassium uptake 3 -0.67 7 -0.73(1)

oats
ca/K ratio vs. ©  grain yield 3 -0.79 -~ + 8- - -0.61 7
Ca/K ratio vs. ' total yield 3 ~-0.67 7 -0.44 :
Ca/K ratio " vs. potassium uptake 3 -0.85 7 -0.79(1) :
Cattig/K ratio vs. grain yield 3 -0.79 8 -0.62 :
Ca+Mg/K ratio ‘ vs. " total yield 3 ~-0.68 7 -0.45 ;
Ca+Mg/K . ratio vs. potassium uptake 3 -0.85 7 -0.80(1) i
" _barley

Ca/K _ ~ ratio vs. grain yield . 3 ~0.32 8 -0.86(1)
ca/K " ratio vs. total yield 3 -0.82 8 -0.76(1)
Ca/K ‘ ratio : vs. potassium uptake 3 ~-0.78 7 - -0.80(1)
CatMg/K . ratio vs. grain yield 3 -0.92(1) 8’ -0.87(1) -
Cat+Mg/K ratio vs. total vield 3 -0.82 8 -0.77(1) 2
Ca+Mg/K ratio vs. potassium uptake 3 -0.79 7 .

-0.80(1)

’(1) significant correlation at the .05 level
(2) r values are for the 90-30-0 treatment
(3)  Peters' trial not included where n =7 »



In the summer of 1967 a greenhouse cfperiment was con-
ducted, Primarily, the pur ose_of this experiment was to vov1de
£}

further data and infornat tion To supvlemen b'the_i formation obtained

ne rield experiments.,
A, VATIERTIALS AND METHODS:

tenty-three soils were studied in this e: xperiment. These

03]
Q
-t
|-
6/]
=3
¥
-y

solls were selected primarily for their range in aveilable potassium

content and secondly for their ﬂeﬂue in percent CaCO,_. ecuivalent,

3 \
and. p.,. The samples were obtained from the plow layer of cultivated
Manitoba soils, Soil Analys is (table 16) indicated that the avail-

able potassium content renged from 20 to L5k vom; the percent CaCO3

equivalent renged from 0.08 & 31.66 0ndithé pH fron 5.9 to 7.7.
Experimental Desien: There were two treatﬁents for each soil.

Treatment A did not receive potassium fertilizer While treatment 3

[

recelved potassium fert ilizer' KCl, to the eguivalent of 60 pounds

of Kzo per re (weig t baSis) Each treatment was veblicabad four

times wi

[
Ny

every iT and the data was analyzed statistically using

the randomized block desizn,

Procedugg: - The soils were air-dried, nixed, and sieved to remove
roots and plant residue., A representative sample of each s011 e,
alten for chemical snalysis, Two kilo-grams of soil were pladed in

one-gallon glazed vorcelain crocks. Ten opn phosphorous,,ﬂés




Table 16

Characteristics of Soils Used in
Greenhouse Experiment

<
¥ o ppm K ppm K ppm K ‘ : CaCo
Soil o NH, 0AC CaCl H O ~ equivaient
Association extractable extract%ble extra%table‘ pH . 7 Texture
Pelan I 20 ' 15 15 7.4 9.91 L.S.
Almasippi IT : 30 25 25 7.1 0.18 L.S.
Pelan I1I 31 24 27 7.4 1.30 L.S.
Pelan ‘ EAY v 34 53 19 7.0 ~.0.55 S.L.
Stockton v 36 40 31 5.9° 0.24 F.S.L.
Almasippi VI 42 40 31 7.4 0.54 L.S.
Almasippi vIiI. . ‘ 47 ’ 45 23 6.4 0.08 . L.S.
Gladstone VIII 51 .37 20 7.4 6.72 F.S.L.
Foster (1) IX 55 37 34 7.4 L 0.74 ~ L.S.
Pine Ridge = X ' 60 58 38 7.3 1.82 . L.S.
Almasippi . XI _ 64 36 17 . 7.3 0.45 L.S.
Pine Ridge X1T 101 : 57 41 7.4 - 6.62 ' L.F.S.
Lakeland XIIT - 102 , 57 - 30 7.7 - 31.66 : Si.C.L.
Lakeland = = XIV, 107 71 33 7.4 20.81 Si.C.L.
Almasippi Xv - 109 71 . 47 7.5 1.25 V.F.S.L.
Holland Xv1 : : 122 - 92 39 7.4 0.61 V.F.S.L.
Foster (1) XVII 135 97 81 7.4 2.31 L.S.
Stockton XVIIT 150 124 ’ 70 6.8 0.27 © " F.S.L.
Holland - XIX 162 115 48 - 6.4 0.29 V.F.S.L.
Emerson XX : 204 . 85 ' 31 7.6 16.11 Si.L.
Rathwell T XXI - 300 220 78 7.2 0.77 C.L.
Emerson ~ XXII - = - 420 ’ 232 51 7.5 1.86 - Si.lL
7.6

Osborne XXIIT 454 258 105 1.47 C.

(1) = name of farmer from whom soil was obtained




NH) HoPOp, was added in dilute solution ss a band 1.5 inc s below .
" the soil surfaoes In treatment B, flve pellets of KCl, each weigh-

ing approximately 20 ngms, were ple ed equidistaent from each other

Fudhs

Z

across the dianeter of the crocks., Two rows of Parkls 4 barley seed
consisting of four seeds in each row, were sown; one Tow on either

<

side of the XC1 nelleﬁs. Both the seed and the KC1l pellets were

about a half an inch below the soil surface. Fivemdays é;ter Sl
gence the seedlings were thinned to four plants ver crock{ }Distilled
water was used for waterin 2. The blapus received sixteen hours of
light ver day. :The crocks of each of the four revlicates were rand=
only arranged on the greenhouse bench and their vosition on the bench'
wes rotated once every week, After emergence all the pots.received
three surface applications of nitrogen; Five days after emergence 4O
ppm nitrogen was aprlied as (NH@)zsob‘dissolved in distilled Waterﬁ
The tvo othe? applications, each subnlvinﬁ 30 ppm nitrogen,lNﬁaﬂOB dig~
solved in distilled water, were app ie d fifteen days and thirty days
after energence. Fiffy-six days after seeding the abOve ground por-
tion of the plants was harvesied( The harvested plant material was air‘
dried, welghed and ground in a Yiley mill,! Then thé ammonium acetate

extractable potassium in these harvested plant samples was measured,’

B.  RESULTS AND DISCUSSION:
The application of notassium fertilizer is recommended

for barley QTOUBh on Manitoba soils w1th 8Lt ppm or less of avail-

able potassium (42), Soils I to XI (table 16) were in this range,’

The yield and vercent potassiuvm in vlant natter data ( able 17)
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from these soils, if applied to field conditions, definitely sup~
“port reoomméndations for the application of potaséium fertilizer,:
Slgﬂlilc nt barley plant matter incresses to potassium fertiiiza-
tlon, .05 level for four soils and .01 level for six soils, were
reoorded'for ten of the eleven soils éndba substantial increase was
recorded for the eleventh soil,.Almaéippi II.. The peréent ﬁotasé
sium in plant matter grown on these soils was also incressed by the
appli ation_bf potassium fertilizers, significantly for eight soils,.
.05 level for fouf soils and .01 level for four soils,‘and sub-
stantially for two soils, Furthermore, potassium fertilization
increased yield and percent potassium in the barley plants 6n-both
acidic and slka n_ soils and on both célcareous and’hon~ca10aréous
soils. |

The available potassiunm level of soils XII fo XXIiI ranged_
from 101 to L5L4 pom (table 16). The application of potassium
fertilizer fdf barley growth would not be. recommended for soils with
these levels of available potassium (42). However » the application
of potassium fertilizer to these twelve soils resulted in two signi=-
ficant yield increzsses, Hoiiand XVI'éignificant aﬁ the‘;OS 1evel‘and:
Emerson XX Significant~at;the*;01 level, as well aé one‘§ignificant
increase, .05 1eve1, in the peréent potassium in the barley mat-

~r

ter, Almasippni XV. Substantial but not significant yield increases

.&.

were realized on the Pine Ridge XITI, Lakeland XITI, and Emerson XHIT

soils, Althouch barley yields did increcse on the other seven 30113

with potassium feﬂtlllzatloq, these 1ncreases were not substanuial;
)

Therefore, in the main, if the yie1d data were applied to field condi-




Table 17

Yieid, Potassium Concentration, and Potassium Uptake
by the Plant Matter in the Greenhouse Experiment

* -

- significant at .05 level

k& -~ significant at .01 level

Difference
in vield
Percent K Percent K : between
Yield of in plant in plant K uptake K uptake check and
: Yield of 60 1b/ac -matter of matter of in check in 60 1b/ac 60 1b/ac
Soil © check in treatment check 60 1b/ac treatment treatment treatment . [.
“Association erams in grams treatment treatment (erams) {erams) (grams) §
Pelan I 1.25 2.63%%* 1.43 2.29%% 0.02 0.06 1.38
Almasippi b1 2.40 - 3.66 1.69 2.38 0.04 0.09 1.26
Pelan 11T 1.60 2.98%% 1.30 2.16% 0.02 0.06 1.38
Pelan v 1.97 3.30%* 1.99 2.60%%* 0.04 0.09 1.33
Stockton \Y 1.85 2.53% 2.92 3.59% 0.05 0.09 0.68
Almasippi - VI 2.50 3,01%% 2.44 2,78%* 0.06 0.11 o l.41
Almasippi ) VIT 2.57 , 3.71%% 2.75 2.91 0.07 0.11 1.14
Gladstone ’ VIII 2.99 3.62% 1,25 1.99%* 0.04 0.07 0.63
Foster (1 IX 1.83 . 3.36%% 2.24 2.67% 0.04 0.09 ©1.53
Pine Ridge X 2.95 3.56% . 2.74 3.24 0.08 0.12 0.61
Almasippi - XTI 2.65 4, 33%% . 1.87 2,18% 0.05 0.09 1.68
Pine Ridge XII 4,25 5.53 2.36 2.80 0.10 0.15 1.28
Lakeland XITI 4,54 5.36 1.94 2.41 0.09 0.13 0.82
Lakeland XIv 4.43 4,53 3.31 3.47 0.15 0.16 0.10
Almasippi XV 4,25 4,47 2.49 2.90% 0.11 0,13 0.22
Holland XVL 4,11 ¢ 4,91% 3.52 3.53 . 0.14 0.17 0.80
Foster (1) XVII 5.17 5.74 3.58 3.79 0.19 0.22 0.57
Stockton XVIII 4,21 4.62 3.84 3.91 0.16 0.17 ‘0.41
Holland XIX 4.76 5.17 3.45 3.46 0.16 0.18 0.41
Emerson XX 4.68 5.47%% 3.45 3.87 0.16 o 0,21 0.79
Rathwell XXI 5.38 5.52 4,70 4,72 0.25 0.27 0.14
Emerson XX11 - 6.64 7.59 3.74 3.78 0.25" - 0.29 0.95
Osborne XXIII 6.38 6.47 4.73 4,66 0.30 0.30 0.09
: ~3
&) = name of farmer from whom soil was obtained o
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tions it supports present potassiunm recormendations because for
seven of the twelve soils potassium fertili zation resulted in onlj
nOﬂ-substantiel barley yield increases., However, the possibility
exists that if higher rates of potessium fertilization than those
studied in this experiment were mnsed the increases might have been
substential. Bailey (5) working with barley on lHanitoba soils
having 101 and 115 ppm of available potaSSium, reported signifi-
cant yield increases to rates as high as 150 and 200 pounds of ! 2O
ber acre., The yield data fron five of the twelve soils did sug-
gest that a barley response to potassium fertilization can occur
on soils having relatively high levels of available potassium,.

The yield of barley weas significantly correlated, ,05
level, with both potassium uptake and the bercent potassiun in‘the
fplent matter, r=d.94 and 0.85 respectively. As the yield increased
both potassium uptake (ficure 7) and percent potassiun in the plant'
matter increased correspondingly, It should be noted thet although
yield, potassium uptake, and percent potaSSium increased when XC1
was added to the soil (table 17), the greatest increase was in relaf_
tion to increasing smounts of available pctessium in the soil.

Yield (figure 8), potassium uptake (figure 9), and per-
cent potassium in the barlej blants were- s*@nlflcantly correlated,
.05 level, w1th the smmonium acecete extracteble pota581um levels
of the s01ls, r=0.96, 0. 9?, and 0,79 respectively. BarleJ yield .

' increased rec1dly with 1ncreas1ng levels of available pouass1um until
a level of approximately 190 pom was reach ed, Beyond 190 ppm the '
yield increased very gradually with 1ncreased amouats of avell-

able potassium, Potassium uptake also increased rapidly as the avail-




Yield (Grams)

Yield (Grams)

67

Potassium Uptake (Grams)

72 3
6,7
6.2

57

o ~437%
° Y=e67-7.70e

12 B N . " " " " . . . . -

02 04 06 08 J0 J2 M 6 g8 .20 22 .24 .26 28 30
. : Potassium Uptake(Grams)
Figure7  Potassium Uptake by Barley Versus BarleyYield

6.2
5.7

52

-0.089X

N
Y =6.30-s581e

12 a a 2 M o a " a

20 46 72 98 124 150 176 202 228 254 280 306. 332 358 384 410 435 462
Available Potassium in the Soil ( p.p:m.)

Figure8 Barley Yield inthe Check TreatmentVersus the Available
Potassium inthe Soil (NH,OAc Extractable)

30 |
28 |
.26
24
a2 |
20 |
48
RIS -0, ©
a4 L °

a2 . ) .

e .
° ° Y-0.0013+0.0012x

s i A A Py A WY

02 Q. s i

20 46 72 98 124 150 176 202 228 254 230 306 332 358 384 410 436 462
Avadilable Potassium inthe Soil (p.p.m.) .

Figure9 PotassiumUptakeby Barley inthe Check Treatment Versus

Available Potassium in the Soil(NH«OAc¢ Extractable )




75

able potassium of the soil_increased, with the sharpest increase
occurring up to a level of about 220 ppm. These two curves, flv-
ures 8 and 9, and figure 7, 111ustrate that.. yler increases w1bh
uptake, and suggest that the des1rable m1n1mum 1evel of available
potassium for barlej growth is in the ranse of 190 to 220 ppm,
These two curves also indicate that 04p801ls below this range of
available potassiur barley should respbnd favprably to potassiunm
fertilization,

In this experiment three extfacting agents wefe cbmpared
as to their ability to measure availabie potassium in the soil.
Table 18 presents the corfelation values between yield and svail-
able potassium in the soil as measureg by these three extracting
solutions. Yield was most stronvly correlsted'with thé‘potassium
extracted by 1.07 armmonium acetate soiutiOn; r50.96, as conpared
with 0,01 ™ CaClZ; r=0.88,‘and distilled water; r=0.,75. Thus, the
r values indicate that 1.0 ¥ amionium acetate 1s the most relisble
of the three extractlnv agents for rnlstqu_available potassiﬁm

1eve1s in the soil to barTey Jvers.




" Table 18

Values for Correlation (r) between Yield aﬁd,Available
Potassium in the Soil as Measured by Three Extracting Solutions

Extracting Solution (r) value

(1) 1.0 N Ammonium Acetate + 250 ppm LiNO 0.96

3
(2) 0,01 M CaC12 + 250 ppm LiN03 0.88
(3) Distilled water + 250 ppm LiNO3 0.75




VI ~ GREZNHOUSE EXPERIMENT IT

A field inspection 6f the 1967 trials; epproximately 20
days afuer seedin ng revealed that é fros% had obcurred the preVioﬁs
nighﬁ in the area of ﬁhe Arthur, Freeborn and Foxon trials. Upon
1nsoec+1n» these three trials, it was observed tnat the frost dam-
age was noc as’ exben31ve tp the barley plants that received'potas~
sium chloride és to those that did nbt., As a result of the Tield
observatlon, an ezpevlmeﬁt was conducted in the gree ﬂOUSe to deter-
.mlne whether the addition of potas31um to & so0ll reduced frost danm--
age to barley and, if so, whether or not the reduetion varies,with

the initial potassium status of the soil.
A, MATERIALS AWD METHODS:

oils: Two soils were used in this study, one from the Almasippi

it et

assooiation'(11) and one ;ron the 1adstone association (11) . The

"Almasippi s01l was low in avallaole notass1um while the ”ladstoqe

~

soll was high 1n»avallable.potassium. Both soils were calcareous,
Table 19 lists some of the characteristics of’ the soils

used.,

Experimental Design: Té'determine Whether the potessiuﬁ or the
chloride was resbons1ble for reducing demage uO barley whlch had
been exoosad to balow freezing temperatures, wo‘soils with differ-
ent levels of exchangeable potassium (table 19) were used and botn
solls were treated with aaother/calorlde salu (NaCl) as well as KCl°

The other criteria for using sodium.chloride was to see if compar-




Table 19

Some Characteristics of the Soils Used in the Green-
house Frost Experiment

Co-operator Peters Foxon -
Soil Almasippi Gladstone
ppm exchangeable K 67 210

ppm NO3 - N 1.39 2.37
ppm P (NaHCO3 extfactable) 6.16 2.34
pH 8_’1 74

" Texture L.F.S. c.L.
CaCO3 content (with,HCi) low very ﬁigh
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able observations could be produced by No and X when the plants were
exposed to below freezing temberatures. The amounts of Na and K added

to the soil in the different treqtments Were eguivalent as shown below:

Treatment number Treatnment
1. 15 ppm votassium
2. 15 ppm sodium
3 100 ppm potassium
L, 100 ppm sodium
S 0 ppm sodium and 0 ppm potassium

H0W°ver the amount of chloride applled was varied by the fact that for
the same weights of»Na and X appllgd, mpre chloride was applied with
the Ne than with the XK. |

Each soil réceiv?d'the above five treatments and evéry‘treat—
ment was replicated four times on each of the two soils used,
Procedure: The éoiis were obtained in Aﬁgust; Only the surface
six inches were used. The soils were air dried, mixed, and sieved
to remove plant residue and peBbleS. Represéntative samples were sﬁb-
mitted for chemical analysis. Two kilo@rams of solil were Dlaced in
glazed-porcelgin gallon crocks. 10 Doﬁ phosphorous as NWUHZPon in
dilute sdlution was banded an inch and a half below the seed., The
sodium, as NaCi in dilute solution, and‘potéssium, as KCllin dilute
solution, treatments were éimilérly bandéd. On Jandéry 31, eight
_seeds of the barley variety Cénquest were planted, After germinaﬁicn
thé seedlinv stand was thinned to four plants pér pot. The moiSturé
levels were malntalnnd at field capacity with distilled water.

Seventy ppm nitrogzen was added in two installments; forty ovm as
P* g g @ : Y

(NHn)ZSOQ in dilute solution four deys after emergence, and thirty
pprm as NH@NOB-in dilute solution fifteen days after emergence, The

blants were exposed to fourteen hours of light per déy. The plants
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were frost hardened by exposure toztemperatures of approximately 37
degrees Fahrenheit‘at the following rate: a two hour exposure on

| February 18th, a feur hour exposure on February l9th; and a six hour
exposure on February 20th., On February 21st the plants weie exposed
to two hours of belowrfreezing tempefature‘ During the eiposure the
temperature.fluctuated between 26 and 29 dearees Fahrenheit; Tmmed—
lately following their frost exposure the plants were kept at a room »
temperature of approximately 45 ~ 50 degrees Fahrenheit for three
'hours. This was to prevent damage to the plants from a too rapid
exposure to room temperatures. After being exposed to the interim
temperature for three hours, the plants Were'exposed to room temper-
ature and examined. The examination consisted of a visual compari-
"_soq of the damage to the plants in the different treatments., The
plants were harvested on February erd; They were then air-dried,
ground in_a Wiley mill and analyzed for their potassium and sodium

eontents.
B. OBSERVATIONS:

I. Foxon Soil \
- The rlants grown on the Fexen'soil, definitely with-
stood. the below freezing temperatures better than
‘those grown on the Peters soil.
~ Only one sample, a check treatment ' showed leaf dan-
age and this was very slight, _

~ There was no visual damage to any of the other plants.




II. Peters Soil
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The plants were definitely damaged

Thn

N
.

*

"

1,
30?

e order of damage Trom greatest to least was:

check

15 ppm sodium

100 ppm sodium
15 ppm potassium
100 ppm potassium

Photographs (floure 10) were taken after the plants were exposed

the frost.

Figure

Pigure

Figure

Figure

Figufe

Figure

Figuré

A discussion of these photographs follows:

A

=

..

.
.

The plants in pot I showed less damazge than
those in pot II, Both pots contained FPeters
soil but pot I had a treatment of 100 pnm
sodium whereas pot II was a check sample.

The plants in pot V which received 15 ppm
potassium were vninjured whereas the plants
in pot II, a check sample, were injured,
Both V and II contained Peters soil.,

The plants in pot III were injured slightly
less than those in pot II. Pot III received
15 ppm sodium and pot II was a check treat-
ment, Both II and III were grown on Peters
SOilo. ' '

Kone of the plants in pot VI nor VII exhibited
frost damage, Both were grown on the Foxon
soil., However, VII received a 15 ppm potas-
sium treatment while VI was a check sample.

The plants in IV showed no damage while those
in pot I did show damage,’ Both were grouwn on
Peters soil, but, IV received a 100 ppm potas-
sium treatment, whereas I fecelved a 100 ppnm
sodium treatmen '

The plants in II showed n0ulceable damage; those
in IV did not., Both were grown on Peters soil.
However, pot Iv recelved a 100 me votassium
treatment whereas pot II was a check sample,

. There was very evident demage to the plants

grown in pot II whereas there was no visgible
damage to those grown in pot VI, II was the
check sample grown on Peters soils and VI was
the check sample grown on the Foxon soil.

to

N
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C.  RESULTS AND DISCUSSIONS:

The potassium and not the chloride appeared to be respon-
- sible for increasing the ability of barley to withstand beiow freez-
ing temperatures. This was concluded from.ﬁhe fact that the plants
that received KCl showed less damage from frost exposure than the ones
that recelved WaCl, If the chloride was fesponsible for reducing dan-
age, then the plants receiving NaCl Should have withstood the exposure
better than the ones that received KCl because moré chloride was |
applied as NaCl than as KCl. Also, the fact that the plants on the
Foxon soil suffefed no damage further confirms that the potassium- and
not thé chloride was rééponsible for the reduced damage to barley
upon exposure. ThHe Foxon soil, high in exohangeabie potassium, resul-
ted in a high concentration of potassium in the bariey (table 20) and
hencé no difference was observed between the check treatment and the
other treatments aftef.exposure.

With increasing potessiun percentages (table 20) within
the plants, the bariéy grown on the Peters soilishowed é noticeable
decrease in frost damage after exposure, . Thus, on the Peters soil,
‘as the poﬁassium treatment was increased, the percent potassium within
the plants was also increased, and cofrespondingly, damsge decreased,
In the field, it was observed that the damage was not as extensive on
barley plants thét received potassium as on those that did not. Sanm-
plés takenAin the field showed that the percentage potassium’in the
plants increased with fertilization (table 2, 1967 data), The plants
grown on the Foxon soil were not noticeably affeéted by the exposuré
uto the below freezing tempefature. .jhe additién of sodiuﬁ had less -

effect in reducing damage than did the addition of votassium. It is
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Table 20

Percent Potassium Within the Plants
After Frost Exposure

, Peters : Foxon
Treatment _ Percentage Percentage Percentage Percentage
K , ~ Na K ' Na
Check 4,60 1.21 . 6.63 0.24
15 ppm K 5,74 0,74 6.77 0.17
100 ppm K 7.20 0,49 7.3 ~0.16
15 ppm Na 4,39 1,38 6.51 ' 0.32

100 ppm Na “ 4,07 1,93 6.3 0,76
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not‘knoWn whether or not the frost reduced ylelds beoause the exper-
iment was. not designed to study the effect of'frosﬁ on yield.

Bafley grown on solls low in eXchangeab1e votassium such
as the Peters seil will most proéably suffer dsmage from below freez-
ing temperetures‘sooﬂer end more extensively than when grown on soilsb
higher in exchangeable’potassium:euch'as the Foxon soil. This could
be overcome to a 1afge extent by use of potassium fertilizer, thereby
bringing the potaseium vercentage in ﬁhe plant»to.an adeqguate level
‘whersby the-plant could withstand a mild frost, A potessium vercent-
age of 6.6_er better in the barley plant will most probebly safeguard
the plant from a light froet exposure, A figure.of’é;é was_afrived
at by the fact that the check on.the Foxon soil in thils experiment
showed no demége. | |

Baumann (25) made similar ebservations with potatoes. He
noted that potatoes supplied with potassium were uninjured at temp-
eratures slightly below freezing while unfertiiized potatoes Were
demaged, Jung and Smith (22) noted that the vercent survival of alf-
alfa after exposure to freezing temperatures increased as the potas-
sium was increased.until a level of-ZQO pounds per.acre‘was feached.

Therefore, the data seeums toiindicate that the addition of
potassium lowers frost damage to plants grown on eoils Which are low
in exchangeablexpetassiﬁm. The_cause of .the barleykplante increased
ability to Withétend»frost exposure aftef'potassium fertilizatien was

not investigated.




=VIIT ANAYLTICAL PROCEDURES

A, DE?ﬂR ITNATION OF TXCHANGEABLE POTASSIUM IN SOILS

10_gram samples of 2 mm air dried soll were used, ?or
| potassium e xtraction 100'ml‘of 1.0 N amnonium acetate adjusted toA
a pH of 7 and contaihing 250 pom Li solution were used, The soii '
and solﬁtion were shaken for an hour oﬁ a. vertical shaker end then
filtered through #1 filter paper. The potassium determination was
done on a Baird Atomic KY2 flame photometer. In Greenhouse Experi-
ment I, 0.0l CaCl, plus 250 pom Li solutien and distilled water plus

2
250 ppm Li solution were also used as extracting agents,

B. DET EBNIQATIO OF EXCHANGEABLE CALCIUM AND MAGNESIUM IN THE SOIL

(a) Procedures for exchanzeable Ca+’g

5 ml'ef 1.0 ¥ ammonium acetate extract as described in
fA were plaoed in aﬁ Zrlenmeyer flask and-diluted to 50 nl with dis-
tilled water, 5 ml of.monoethanolamine‘buffer solution (55 ml conc,
HCl and 310 ml monoethanolamine diluted to 1 liter with distilled
water), 30 mg KCX¥, and 30 nz hydroxylamihe hydrochloride, were then.
uédded; The mixture was titrated with 0 Olu ZDTA solution using Erio-v
chrome Black T as an indicator to determine the excnangeable Cat+iig,

() Proceaures for exchangeable Ca

5 ml of 1.0 N ammonium acetate extract as descrited in

A Were.placed in anvErleﬁmeyer flask and diluted to 50 ml with dis-
tilled water. Approximately 1 ml of 6 NaOE and L-5 drops of calcon
indicator were added. ‘The solution was titrated with 0,014 ZDTA solu~

tion to determine the exchangeable calcium.

N
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(¢) Bxchangeable lig

The amount of exchangeable Mg in the sample was obtained
by difference between the amount of exchangeable Ca+iig and the amount

of exchangeable Ca,

C. DETEH‘IITADIO’T OF POTASSIUM IN PLANT MATTEIR

The plant matter samples were air dried snd were ground
in a Wiley mill. 0.20 grams of plant matter were used in the deter—
minatioﬁ. The extraction of potassium was done with 1.0 N ammonium
~acetate solution as described in A. The potassium determination was

done on a Baird Atonic XKY2 flame photometer,

D. DETERMINATION OF 30DIUM IN PLANT MATTEH
The procedure was the same as that described for the
determination of potéssium in plant matter except that the XY¥Y2 flame

photometer was set to determine Wa rather than K.

E. DETERHI“ATIG! OL TOTAL NITROGEN IN THE PLANT DATT“B
The Kjeldanhl-Gunning method was used to determine the

total nitrogen in-the plant matter., One gram of plant matter was
’digeSu d with 25 ml of coacentrated 22504. After digestion, the
sample was cooled and 200 nl of water were added, To‘this, 25 ml of

O3 solution were added to complete the reduction, Then 60 ml
of 1-1 Na0H piﬁs diétilled water solution was added and the digested
matefial was distilled into flasks contain ing 25 ml of 0,1N quob
| plus 50 'ml of distilled water. After the d.istillétion the excess
hzsoa was back titrated with‘o.ll NaOX solution using methyl red as

an indicator,
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F. ‘DETERﬁIHATION OF féﬁ IOAND COTDU”TIVITY OF Tiﬁ SOILS

50 gram samples of 2 mm alr dried soil were placed into
125 ml Erlenmeyer flasks. 50 ml of distilled water were added. The
soil and water‘mixture was shakeh’for 30 miﬁutes on a vertical
shaker, The conductivity of the soll suspension was directly read

using a Radiometer conductivity meter type CDVM2d. The pE of tbo

soil suspension was determined with 2 Beckman Zeromatic pH meter.

G. DETERMINATION OF N 3 -NCIN THR SOIL

| 12.5 gran saﬁples of 2 mm oven dried soil were weighed
1nto shaXing bottles., 50 ml of nitraté extracting solution (con-
sisting of 2.5 g CuSOQ;SHZO and 6 g Ag2804 diluted’to 1l litgr with
distilled weter) were added, The soil and solution were shaken for
10 minutes on =2 vertical shaker, 0.16 g of Ca(OH)2 were added and
the soil and solution,weré shaken for.5 minutes. 0.5 g IOCO3 wer
added and the soil(and solution were shaken for an additional 15 min~

r

utes. The soil and solution were then filtered throuch #1 filter

paper into dry flasks, 25 ml of the filtered solution were. i)

Us]
)
ot
ot
10
Q

into a 50 ml beaker and evaporated to dryness on a hot plate., 2 ml
\of-phenoldisulphonic acidb(75 g phenol pef 6?5'ml conec, sulfuric
acid) were added to the 50 ml besker and then the besker was rotasted
until the dried residue was wet with acid., The web residue was
alloﬁed to sténg for 10 minutes and then it was diluted with 25 mi
of distilled water. Wheh the residue was dissoived, it was washed
“into 100 ml volumetric flasks. Then 1-1 N L,’O‘FT plus distilled Waﬁer
solution was added %o the dissolved residue 1n the flask until 2 per-.

manent yellow colour developed. The yellow solution was made up to
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the 100 ml .volume with distilled water and the colour intensity was

read at a wavelength of 415 m,p.using small Coleman cuvettes.

H. DETEBMINATION OF PHOSPHOROUS Iﬂ THE SOIL (OLSEN'S Né CO3 F“THOD)
5.0 gram samples of 2 mm air dried soil samples were
placed in shakXer bottles. 100 ml of 0.5 N NaHCOB‘extracting solution
adjusted to pH 8.5 and a teaspoon of pretreated activated charcoal
were added to the bottles., The soil‘and solution“were shaken on a
vertical shaker for 30 minutes ana filtered through #1 filter paper,
50 ml of the filtered solution were transferred to a 100 ml volumetric
flask, 5 ml of conc. HCl were added slowly. 20 ml of ammonium molyb-
date~HCl solution (15 g (NH )6Jo 4 20 and L00 ml 10.0 ¥ HCL diluted
to 1 liter with dlstlllea water) were added. Then 10 ml of SnCl2
solution (0.4 g SnClz'ZHZO and 1 ml conc. ICl per 332 ml distilled
water) were added to the flask., The flask was shaken and the solu-

tion was diluted to volume, The colour intensity was determined on

a Spectronic 20 colorimeter at a waveiength of 60 m n.,

I, DETER,INATION OF THE PERCETT CALCIUM CARBONATE IN THE SCIL

A one gram soil sample was digested in 10% HC1 for 10
minutés. The CO2 évblved was sucked tﬁrough a drying and adsorption
train, then absorbed by Ascarite. The weight of 002 absorbed was

determlned and expressed as percent CaClO_, equivalent.

3



VITI - SUMMARY AND CONCLUBICHS

1965 and 1966 field resvlts (18, W4) indicated e wheat

-

and bmf?er resoonse to potassium rtilization on calcareous solls
having an exchangeable potassium ievel considered.adequate for»oer~
eal‘growﬁh; However on acidic soils also having relatively high
exchangeable potassium levels, whest and barley did not respond to
potéssium fertilization., Although the»responses on the calsareous'
so0ils were not statistically significsnt, they did suggest that a
profitable résponse oould'be obtained by apvlying potassium fertili-

~

zer to cereal cropvs grown on calcareous soils for whioh present recom-

. f‘
Jte

mendations do not advise potassium applic on.

Therefore field experiments were conducted in 1967 and
v1968 on calcareous soils with exchangesable potassium levels which
ranged from 30 ts'le pon to determine the effect of potassiunm fer-
tilization on cereal growth. The results of these experiments were
related to existing soil test recommendations with the objective of
confirning or improving existing soil tsstvrecommendations for the
growth of cereals. The effect of potassiun fertilizatioh on potas-s'
sium conoentraulo“, potessium uptake and yield of plant matter st
earlv stages of cereal qrowth was investi?ated The effect of the
exchaqmeablv Cq/n and Ca+hﬁ/u ratio of tho soil at seedlnﬁ on yleld
‘and votassiunm uptake by cereals was “LSO 1nvest1¢ated In a green-
house expeiiﬁent, the effect of potassium fertilization on barl'v
grown on -soils varVinv in levels of exchangeable. votass1um, pH and
‘percent CaCO3 was studied. In a correlation study, the exchanzeable

potassium levels as neasured by three extracting agents were compared
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to determine which was nost stronalj correlated to harley yields. A
second greenhouse experimént was coéduCted to study the effeotiveneés
6f potassiun fertilization in.reducing frost qamage to barley seedlings;“
| Barley plant matter samplings'in thé field trials at 1h,
21, and 28 days and fifth leaf stage of growth indicated that the
' applioation orf potassium‘fertilizef generally inoreased.yield, potas-
siun uptake and potassium concentration in the plants during early
growth on all soils. Wheat and oat plant matter samplings at 21 and
28 days and fifth leaf stage of growth indicated that pdtassium fer-
tilization generally increased yield, potassium uptalke and potassium
_concentration during the early growth on soilé with an exchangeéblev
potagsium level of 126'ppm or less. Generally Tinal oat and barley
grein yields were significantly, .05 level, correlated to the poﬁas—
sium concentration at these early growth stages. For wheat, no sig-
nificant correlstion was evident, These rgsults suggest that potas-
sium concentration in early bvarley and.oat growth might have bearing.
on final yields, |

The potassium redommehéatiOn (42) does not advise the
application of potassium'fertiliZer forioereal growth on soils having
more than 84 povn exchangeable.potassium;' Final barley grain yieids
showed responses to one or more of the potassium treatments on 9 of
the 10 soilsfstudied; no responses occurred on the soil with 68 pbm
exchangeable potassium. These responses althougu usually statistically
non-significent, .05 level, were substantial, 2 bushels or more per
acre. Thefefore, these results sugzest that barley might féspond to
potassium fertilization on soils having exchangeable potassium levels.

greater than 84 ppm. Wheat showed significant, .05 level, responses
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to pbtaséium fertilization on all soiis-which had 84 ppm or less
exchangeable potassium but one; no response was evident on the soil
which had 68 vpm exchangeabie ?otassium. Oats showed both signifi-
cant, .05 level, and substantial, 5 bushels or more per acre, respon—'
ses on all 301ls which had 84 opm or less exchangesble potassiunm,
Botn wheat and oats showed some substantie 1, 3 bushels or more per
aore, responses td votassium fertiliZatibn on soils with exchangesble
potassium levels as high as 414 pom, but no consistantland uniform
patLefn o response was ev1denb at these higher levels of exchange-
»able potaésium. Therefore these reéults support the potassium recom-
mendation which qdv1oés the apvlication of potassium fertilizer for
growth of wheat end oats on soils having 84 ppm or less of exchangeable
potassiuvn, | |

With barley, potassium fe:tilization generally increésed
potagsium uptake on soils with 414 ppm or less of exchanseable pot-
assium, with oats, on soils with 341 ppm or less of excnangeable pot-~ -
assium, and With wheat, ‘on soils with 102 ppm or lessiof exchangeable
potassiun, Thvs was of interest because potassium uptake'by wheat,
\oats and barley at harvest wes Tound to be significantly, .05 lével
correlated with rinal grain and total vields.

. For the three cereals potassium.and nitrog
final harvesthwere Tound to be signific ertIV, 05 level, oorreléted.
Since potassium uptalie was signiflcqntl" correlated th cerezl yields,
and nitrogen uptake was significahuly correlated with potassium uptake,

one can. postulate that if nitrozen was a limiting factor then =

response to potassi um fe” 1712?u10ﬂ might not mat alize, If so,

b

N

5
[ary
()

[ 5

this would be especially true of soils already n available vpotas

sium because there mizht not be sufficient additional nitrosen to bring
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about a response in growth if potaséium fertilizer were added;

The exchangeable Cé/K and Ca-+iz/X ratios in the soil at
seeding had bearing on the growth: of these three cereals becsuse
these ratios were signifiozvu v, .05 level, negatively correlated
to potassium uptake by wheat, oats and barley; to barley grain yield,
to barley total yieldé and to wheat.grain yields at Tinal harvest.
From these results one can postulate that if pot8831um fertilizer
reduced the exohéngeable Ca/X and Ca+iig/K ratios in the soil, then
yields of wheat and barley might increase with potassium fertilizo-
tion.

In a greenhouse experiment, statistically significant,
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«05 level, barley yield
found on soils with 64 ppm or less of exchangeable notassiun and sub-
stantial increases were realized on soils'having 101 and 102 ppnm
exchangeable potassium, Potassium fertilization did not, with'one
.‘exception, substantially increase barley yields on soils having
higher levels of exchan zeable potassiumn, The soils in this experinent
varied in pH and percent CaCO3 as well as levels of exchangeable pot-
assiuva., In the nalq, these results, 1f applied to field conditions,
ppoxrt the pOuaSSluﬂ recommendation for tne growth of bvarley alt nou;h
Ehej do suggest that a substantial incresse night be attained with
potassiunm fertiliZatioﬁ on soils/having»up to 102 ppnm exchangeabie
potassium, In this greenhouse experiment also, potassiur uptake and
potassium concentration in the plant‘matter were found to increase
with ﬁgtaésium fertilization. Potassium uptake and potassium concen-

tration in the plant matter were significantly, .05 level, correlated

to final bariey yields. -
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- In a coaparison of three extracting agents; 1.0¥ ommon-

Jium aéetate,,0.0lM CaCl2 ahd distilled water, barleyxyiélds in the,
greenhouse experiment were most strongly correlated to available
potéSsium levels as iﬁdicated by ammonium acetate extraction., There-
fore, if field yields do not relate well to exchanéeable potassiun as
measured with ammonium acetate, othér factors such as moisture, root-
ing depth, amount of exchangeable potassium in the sub soil, etec.,
may be overstive.

A second greenhouse experin nt indicated that barley
seedlin 8 C"I'oml on soils w1th nivh exchangeable potassium levels,
210 ppm, have greater frost reswstancp than those grown on SOllu wlth
low levels of exchangeable potassiun, 67 pom., The damage to the
plants was reduced when the potassium concentration in the plant mat-=
ter was increased with pote ssium fertilization.

Overall these results support present poﬁassium recommen=
dations for the,growth of wheat and‘oéts. However, they indicate that
barley night respond to potéssium application on soils with higher

levels of exchangeable potassium than present recommendations indicate.
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APPENDIX

Nitrate Levels of the Soils Used in the 1967 and

1968 Field Experiments (p.p.m.)

(2)

land. .

Located on south-west side of farmer's

land,

1967
Co-operator Péters Arthuf Ffeeborn Foxon Ewanek
Depth (ins.) -
0- 6 2.5 2.1 8.9 8.9 1.7
6 - 12 2.3 1.1 6.9 5.0 0.7
12 - 2“’ lol Oo? ?ol’,’ ‘ ’ 707 005
24 ~ 36 0.2 1.9 6.2 o7 0.9
1968
Co-~operator Eliuk‘.-' Kiel Persoage(l) Pefsoage(z) Bwanek
Depth (ins.) | ‘ :

0- 6 13.4 bl 1.4 | 1.6 1.4
6 - 12 , 6.0 6.7 1.9 . 2.6 0.9
12 - 24 3.8 5.0 1.4 0.4 0.8
2l - 36 40 3.4 0.5 0.7 0.5"
36 - 48 0.7 3.9 0.2 0.0 0.4 -

(1) Located on north-east side of farmer'sw




