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Fiel-cl- e:roerinents i.re?e, co:rc1-ucted- on calca.reous so'i 1s

Irith exchangeaÞle pota.s-siu.rn Lel-els i.ihich z'a.n3eC. f::om J0 to rl14 ppn

to d-eterrrine tite effeci; of pcia.ssiu-n fez't1]-i ze.tibn on cereal groltth.

Ba.rle¡, plani natter sanp.ì-ings at 14, 2\ end 28 da.¡,s fron seed-ing, a.nd.

flfth'l ee.f stage of Sroir,th i-nclica.ied- tha.t the a.ppi-ication of potassir;-m

fe'rtiLizer genera.lLy increesecl. y1eltì., pote.ssittn tr.pieåe and. potassiu¡¡

concentz'a.tion cluring ea.r,l-;r gz'outh on a-l-l soils, I'ihea.t and. oat plani
rte"iLer sa.riaplingg e.t 2L e.nð- 28 d.ays , a.nð- flftit I eaf sta.ge of .3'ror,.rth

1n'iica.ted L'nat,.ootassir:r", fe-rt,ilizez' generalLy increesed- yield-, pota.s-

sltr¡t upia.lte and. potassiurs concentration d.uz'ing ihe' eay]ty gror+th on

solls with exchangea.ble pote-ssiu-n level s oî ]*26 ppn or less. Gen-

era.Ll¿r, potassiun concen1ra.üon in the'ba.r1ey and oa.t p]¿¡¡s a.i the

earl;r sta¡es r.ra.s correlated. 'bo flnal- )'ield.s,'
Final- ba.rl-e¡, srain yielcl.s shor.vecL f'esponses to oile or rrore

of the potassil-ul treainents oü p of the L0 soils stu.d.ied.; no responses

occrrrred. on the soi] r.rlfh 68 pp¡r exchangeable potassi-rlrÍi. These 3esÐo4-

ses a.lthorr.gh usu-all¡r statistica.lly non-significa.nt were substa.ntia.l, ?

btrshe'ts or nore per ecre. fihile r,¡heat and.'oa.ts shoi+ecl sone substa.ntial,

J bushels or ¡ûore per acre, res'oorlses to potassiu:n fertili.zation on

soils ¡cith exchc.ngeable potasslurc level-s â.s hlgh a.s ll14 ppn, no consis-
te.nt e.nd. unifor:n patte:'n cf rcspo:isc i','as e-"'id.ent a.t excha.i:geable poias-

slru¿ ].evels greater than 8ll pprn. On so11s r.rhieh ha.d- 8(t Ðpa or less of
excha.ngeable potassiu-n, i';Ìleat shor,'red- statistica-1]y slgniflca.nt responses

to potassi'u:n fertlLization on all but one soil, there lras no resÐonse

on the soll- l'Ihich had. 68 ppn .exchangeable Ii, and. oa.ts sho,¡¡ed. both si,g-
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nifi c¿1nlJ and. su-bslantla.l, J bnshels or nore per a.cr@¡ responses on a.11

snch soils. 1,.lith barley, poüa.ssium ferbilize.rj;on generally increased-

potassirur uptalie on soils r,¡ltir 1114. pprn or less .of exchangeable potas-

slu-n and-, niüh ,¡heat, oh soils itith 102 ppn or less of exchan1ea.ble

potassiuil. Thls r.ras of in'i;erest beca.use potassiu.u upta.ke a.t ha.rvest

r^ra.s forrod. to coruela.te significantl Í rvith f inal grain a.nð- toial
yield.s.

For the three cereaJ-s, poiassiru,r a.nd. nltrogeir riptake al

fina.l ha.rvest T..üere found. to be significa.nily correlateC. The excl:iange-

a.ble Ce./t; anð- Ca:',\îi:/[ rarios in the so1l e.t seeding r.Iere sir¡irificanilSr

nega.tlvely coruelatecl to pota.ssiu-n u.ptake bi, r'rhea.t, ba.rl-ey, e.nd- oa.ts;

to baz'ley grain yield-s, to barley iotal ylel-d-s, a.ncL to t+hea.t grain

yieLd.s, et fina.l harvest.

A 6r'eenhouse experiroent i.nd.icated. t?rat barle¡' fleld-s Ìre?e

lncreased. significa.ntt¡, rvlth potassiun fertili zali-on on soils rvii,h 6t+

ppm or less of excha.ngea.ble ;ootassit.l¡n regard.less of l¡trether the soils

ïfere acid_iC of a.li:e.'t ine , ca7-CaTeolr_S or holl-Calcafeous. ilorirevef , nO

substa.ntla.l ba.rley yleld. increâses l.¡ere ree-lized- on soils '¡ith l-0?

ppin or more of exchangea.ble poia-ssiun. Pot,assirm u-ptaÀe and- potassi u¡r

concentra.tion in the plant r.atter T,lere increased- rrith potasslun ferti-
1lzation. Yiel-d i,'¡as nost strougly correlated. t¡1th the po-r,assir¡¡ir

exts'a.ctecL by 1.0ìl- a¡ilnoniura acetate as cot:rpa.recì- l¡iih 0.01,'fCa.C1, e.nd-

d.istillecl r,.rater.

. {esults of a greenhou-se experinent incLicated. that barl-ey

pLants r,¡ere more prone to Ca-nage from belot¡ freezing t,empera.tures on

solLs lotr¡ in excha.ngeable potassiu:r., 6? Þpn, than on so1ls high ln
exchangea'trl e potassira-r- , zLO pÞn. The d.e-trage to ti:e pla.nts ?ra.s redriced



ïihen the ¡lotassì u-n concentration

r^¡ith pota.ssiu:l f eriili zatl ono

in the olani ¡qa.tter rvas increased.
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Potassiun is en esseilËla.l_ pla.nt n¡;trient., Although it
renains in an.ionic state v¡ithln the pfa.nt, not entering any che:ni-

caL conbinaij.ons, it is thought to be associa.ted. (Z+¡ r¡rith the syn-

thesis of sirople su-gars and sta.z'ches, the tra.nslocation of carbo-
hyd.rates, the reduction of nitra.tes, the snythesis of proteins, and.

cell d.ivision. Beca.u-se poiassir.r.n is an essentie.l nutrlent, and. large
areas of i.'?anitoba ar:e 1or^r in avaiLabl-e ¡otassirua (3¿l), the posslbility
of increasing crop yleld.s r¡ith potassiua fertilization is theoretic-
ally viable.

In L)6J, field. trials shor.¡ed- su.bstaniial barley yield-

responses to potasslttro f ez'i,i1i zatlon on three calcareoris soiLs r^rith

relaüively hlgh exchangeable poiassirun leveLs (fB¡. Ilorrever, on a
fourth triaL, a]so cond-ucted. on a soil relativel-y high in exchange-

able potassiun, but acLd-ic, barLey d.id- not respond. to potassiu-n fer-
tll-1 zatlon, Ln L966, potasslll-n fert lLlrza-vLon (t+t+¡ increased. ,¡heat

and barley yield.s, ll bushels or Ìrûo?e, p€î a.c-ler on calcareou.s soils
wiih relatlvel¡' hlgh excha.ngeabt e pota.ssiurc leve1s though only a

sllght r+heat yielc1 response to potassiir¡r fertilization, e,5 bu.shels,

r,ras observed. o4 e.î acid.lc soil e.lso having a relatively high exchange-

able poia.ssiun IeveI.' Although these responses r,lere not sta,tistically
slgnlflcant, Ëhey d-id- su.egest that a proflta.ble response e.ou-'trC. be

obtained. by appl-yin.,e pota.ssiura f eri;iIi zer'to cerea.l erops grourn on

ca,lca.reous soils for r¡hich present soil tesis reconaend.atlons d.o noü

ad.vlse potassiu:n agpl_icati on.

Therefore, in Lg67 and. 1968 fleld triaLs r,rere und.ertal¿en
"ø
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to study the effect of potasslu-:n fertillzation on cereal yleld-s. Cal-

careous soils with boüh low and. high levels of exchangeable potassium

r'rere used.. The results Of these ,experiments r.¡ere to be related. to
existlng soil. test recoainend.ations with the obJective of confirnlng
or lmprovlng existlng soil test recoÌn.'nend.ations for the grol,rth of
wheaü, oats and- barley. A greenhouse experinent r.¡as also cond.ucted.'

to mea.sure the effect of potassium ferüill zatron on barley yield.s an¿
potassluro uptake. The solls used. 1n this experiment varled. 1n levels
of exchangeable potassium,. pH and. percent Car;o3i A second. greenhouse

erperinent was cond.ucted- to d.etermine the effectiveness of potassium
ferËlll zation ln red.uclng frost damage to barley seed.Ilngs.
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Successful plant grorvth requlres a balance of cheni-

ca:*, physical, blological and. meteorologlcal cond.ltions. Î¿fork-

'lng with crop fertillty, it is very d.ifficttlt to isola.te any one

of these factors beca.use they all interact. This should- be coíl-

stantly kept in m1nd. while eva.luating the effect of potassium on

plant grov,'th a.s set ou-t ln the folloi.rlng literature revieÌ,I.

fnd.eed., partly because of the d.iffictrlty of isolating any one

fa.ctor, the literatu.re d.eal-ing lvith the effect of pota.ssiu.n on

crop or soil fertillty is very cont.roverslal. Unl1lte the other

plant nutrients, (nitrogen, phosphorous, and. second.ary elenents),

llttle ls d-eflnits't y knorm about the function of potassíu,n in

plants.

A. Tï{E BOL$ OF POTASSÏU}{ rt'I PLAI{T GROI¡TH

It 1s knom that potasslun is required- for plant groltth

and that 1t exlsts 1n 1on1c form not entering any chenical con-

blnatlon rsithin the p1ant. Accord.ln: to Le.t¡ton and Cook (24),

the plant processes v¡hich are affected. by potasslum ares

1. synthesls of siu.ple sugars and. sta.rches

2. tra.ns'l.ocation of carbohyd.tates '

3. red.uctioä of nitra-tes anû synthesis of prccelns
l'. ll. norsal cell dlvlsi.on

They also suggest tlnal- potassLum affects the turgor of plant

cel1s, the fonna.tion of o11s, the process of photosynthesls and.

\-

II LITERATURE R,ïI/ïET/í



the fornatlon of organlc aclds. Kernan (23) suggesbs þlna9 potas-

siun 1s Ìargely responslble for neutrallzlng ühe chloride and.

phosphaüe lons in the plant cells. Potasslum may also neutra-

LIze the physlolo,glca1ly lnportant organlc acld.s, act as an actl-
vator of varlous enzJrrnes, promote the growth of young merlsteros,

and. play a parü ln ad.Justlng stomatal movement (13).

B. TVATURE OF POTASSTUM TN THE SOTL

In mlneral solls the potasslun content ls usually
bet¡reen 0,2 and. J.l percent (38). Thls solL potasslum can be

classlfled. lnto one of three maln groups! rrotl-€xchangeabLe potas-

slum, exchangeable potasslura, and water soluble potasslr.m. It ls
oatagorlzed. lnto one of these groups by the speclflc extractlng
agents used. and. the extractlng proced.ure followed..

Most soll potassiun exlsts as non-exchangeable potas-

slum as an elemental component of mlnerals such as feLd.spar, mlca,

leuclte, 1111üe, vermlcullte and. glauconlte (38). Thls rrori-

exchange'ab1e poüasslum group also lnclud.es potasslrrm thaü ls very

strongly ad.sorbed. to the so1I collold.s (38). potasslum whlch ls
Less flmly ad.sorbed. to the so1l coliold.s and- whlch can undergo
)

exchange reactlons wlth other catlons ln the so1I solutlon 1s

called- exchangeable potasslum. Potasslun exlstlng ln soll solu-
tlon 1s known as water soluble potasslum (38). rt results fron
the d.lssolutlon of potash fertlllzers and. the freelng of exchange-

able potasslum lons fron tire solL collold.s by hyd.rogen lons frorn

water or carbonlc acld. (38).' of the three potasslun groups ln
the soll lt ls the snallesü. Ì'
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An equlllbrlun exlsts betv¡een the three forms of
potasslun 1n the soll. Thls equlllbrltuu can be represented. by

the followlng equatlon:

non-exchangeable K.s-exchangeable K +-=waber soluble K

Thls ls a dynamlc equillbrlum; lt ls al.vrays changlng 1n the sol}.
These changes are brought about rnalnl-y by the uptake of potas-

slr¡m for planü growth, by the ad.d.itlon of potasslum ferüll1zers,
and. by the d.llutlon and. concentratlon of potasslun 1n soll solu-
tlon caused. by changes ln soiL molsture.

Garman (r+¡ proposed. an equ.1L1br1um ivhlch he clalms
woul.d. allov¡ for a urore exact lnterpretatlon of potasslrrm behavlor
ln the soll. The proposed. equlllblrlim ls:

exchangeable K

water sol-ubIe K +"¿")¡"4 K a-strucüural K

"ìl"xchangea at{x
Accord.ing to Garman the fractlon of potasslum ln ühe sol1 that
1s usually referred. to as non-exchangeabre can lnclud.e both

sürongly ad.sorbed. and. structuraL potasslum. (H1s deflnltlon of
structuraL potasslun ls that fractlon of potasslum whlch ls bound.

1n the structure of minerals and. whlch ls not read.iLy:replaceable
by other catlons ln nost extractlng solutlons. Ad.sorbed. potas-
slr¡n 1s that fractlon of potasslr.m whlch Ls held. electrostatlcaLly
on the surface of collold.al ¡naterlal and. whlch ls more read.lly
replaceable by other catlons than ls structurar potasslrrm.-) Thus,
Garman reasons that st¡nrctural potasslum and. strongly ad.sorbed.

potasslun should. noü be ln the sarne category because of the ¿lf-
ference ln the ease with ¡¡hlch the two fo:ms are replaced..



C. AVATLA,tsTLTTY

trtraüer solubLe poia.ssium and- the excha.ngeeble poiassiun

vrhich can be.read.ily d.ispla.ced- from colloid.s by oiher ca.tions , 
,

such as the ar¡.noni u¡t ion, e.re consid.erecl ùo be avaiLable for plant
groruth. i,fhen r'¡a.ter soluble and. exchangeable potassir_uo az'e too

liurited-'uo suppry the plantts d.e¡aa.nd. for potassÍu¡ the plan:- can

make use of non-exchangeable potassiu-n to a snal] d-egree (3a, Uil .

Furihernore, the non-exchangeable potassi-u:n serves as a na.1uu-ya¡

AifD T}T5 :{HASURS OF AV,q.TLAF,TLTIY O¡' SOIL PO'T-
.A,SSI-rJì'î T0 PLAI;TS

reservoir regenez.aüing exchangeable anci. lte.ter

Ieve'l s uhen thelr concentz.atlon is red.uceC..

pofassirau is llberaùed. into ühe

outllned. equilibriu-n ( 38 ) .

l,iost chemi caL anal,yses

available to plan-"s are d.esigned.

able potasslu-n 1n the so1l. Excha.ngeable pobassii-r¡n is neasured.

beca.ttse 1t su-pplies the soil solu'bion lrith potassium i,¡hich, 1n

turn, the plant can absorb, and. because it can supply poia.ssiuu
dlrectry to the plant throu"gh contact exchange (zi, tt,s). But;
becau-se the equilibriu-n betl,¡ee?1 the three fozrls of soil potassiun
)

ls very dyna'lic, 1t ls d.lfficu-lt to measu-re exchangeable poia.s_

'sltr¡. Another d-iffictllt}¡ is tna:- the cation u-sed- üo c1lsp1a.ce the
potassiun fror¿ the collóid_al materi a! ir¿a.y not alwal¡s be d_lspla,c_

ing an amount of pota.ssiu.n conpa.rabLe td tha.-v lihich the nlant is
^c (,

abre to remove fron the, soil. Frrrthermore, .d.ifferent pla.nt spe_

c't es vary 1n their abillty to rernove -ooiassiu,:n frora the soil and-

hence the a¡rou-nü of áxchangeable potasslum in the soil is noi an

\

exchangeaì:le

solubl-e potassiun

The no:r-exchangeable

forns through the

u-sed. to d.eùe:rnlne the potassi-r.u

lo measure the amount of exchange-



absolu.Ne. sta.nd.ard for pz'eC.ictlng the potassitr.n available to a.LI

species of ple.n¿s.

Another problen is u.sing ex-cha-ngeabl-e potassium as a

meastlre of the a.raount of poiassir-:.n availabl-e to plants is tha.t

the e.noun-i, of excha.ngea.bJ-e potassiu.n increases l,rith air d-rying

(t?, 2L, 2?), Lueks e,L å1. Q?) r+orklng r,iith Iowa. soiLs con-

clud-ed. T.ne.t' exchangeabLe pota.ssiu:n vaLu.es c'Letermlned. after air
drying nay not be as rel-iabIe 1n pred.icllns potassi-u-n supprylng

ablliiles a.s d.eternLnations d.one on ¡loisi soils. But Jones qi. 3!.
(2l-) norking wiih ohio soil.s, fonnd. that the incree.se in exchange-

able potassiu:a associated. r,¡ith air c3-::yiilg r¡¡a.s non-significant for
the inierpretation of soll tests.

Nelson (30) 1n su:r,aarizLng his rvork, sta.tes ïh.ei for
heterogenotr.s soils d.eternlni.ng the a¡nonnt of u*.h*ngea.ble potas-
sit:m in ihe soi] pz'ovld.es the best measurer,r.ent for ored-ieling
pota.ssiur:r u-ptake by plants. I{or¡ever he nentions ,;h.at this::,night
not hol-d for so1ls honogenou-s in the e.ioounts and- trinds of potas-
sium bearing minera.ls present. For one honogenorr.s .grou-p the
d-eter¡i-natloir of excha.ngeable potassirr¡c. roay be sa.tisfac'r,ory for
gredlcting u-otalre, whereas for sone other honogenons grorr.p another
chenlcal raethod. su-ch a.s stroi:g acid. extra.ction noigtrt be eo,ua.lly
good. or better. ñ.

D. PLA¡.IT ACCUI.TULATTOI,T OF POTA,SSTLIIT

Kerna.n (23) points

accrtnulatlon of potassir.i¡¿ ln
process. ïf lt ls an active

'\ ..

ou.t þlna.t

plants is
process,

no one knoi,rs r¡lhether the

an active or a passive

1t lrou.ld. require a. carrler



tra.nsport across the cell membrane a.s v¡e1l a.s metabolic energy

to r'¡orl< agalnst the electrochenical .erad.ient of the cel l flerr-

brane (23). If it ls a passive forc.e, then cations nay be ð-ra.wn

across the cell menbra.n€ b¡r the novenent of other ions (23). Ker-
nan (Zl) also states. that sone evld.ence seens to lndicate that
poiassiun nove¡nent into ühe plant ce1ls and. root systen 1s pas-
slve.' This passive p"o"u=" nay be elüher a raass fIor,¡ of l¡ater
or e transmernbrane potentlal generated. by the a.ctive transport
process of oiher lons into the ceLl_.

I'lany theories ha.ve been proposed- to explain hou plant
roots obtain cations fronr the soil. one theor.v proposes the
absorption of potassium frorn the soil solution (t+il. The plant
roots not only a.bsorb the po-r,assiu-¡r lons ln solutlon which resu-lü

from solu-ble potassiun salts and poüassiun lons llbera.ted. fron
the colloid.s by the eo-ullibriu:n process, but they ca.n also absorb
potassitun whlch they theraselves are responslble for llberatlng

. frora the coIloicls lnto the soil solutlon.l This liberatlon of
potasslu-m ad.sorbed. to the co11o1d.s 1s achleved. by resplratory car-
bon d.ioxid.e whlch reacts qlth water to fo:m carbonlc acid.. rn
turn the carbonlc acid. reacts wlth the sol} partlcles and. -r,hus

releases potassf.uu ions lnto the sotl solutlon (t+S). If the
potassiu'o concentration in the soll solutlon ls not ¡ralntained. at
an aoequ-ate level- for the process of a.bsorption then another mech-

.anlsm'must be operatlng to supply the denand.. This may be d.lrect
contact between the root hairs and. the cray pariicles (z1 , t+S).

f hydrogen

lons for põtasslu¡n ions between the'root hairs a.:rd the clay part-

B



icLes rvithortt either ion enter'lng into the solution phase.

E. PO'1'A.SSTUI,Í UPTA]iE AìÙD YTELD

Ðenent g! 4. (9) placecl potassiruc d.eficient oal anð-

coril ple.nts grolln in sand- cultures for fifi;een to sevenieen d-a.ys,

ln contact r¡rith soils having d-ifferent levels of pota.ssiuil fertl-
lizer for period.s of one to fourteen da.ys. Although d.t-ffereÌlces

t in potassir:.t upta.ke ïrere evid.eni a.mong; the d-ifferent potassir.t"n

fertil-izev weatments after only three d.a¡rs of gror*th, no dif-
ferences in yielcl wez'e observed. for the firsi v¡eeli of gronth.

These find.ings illu.sira.ie þnat upte.ke and yiel-d. responses to pot-
assiu¡a fertll-ization ma¡. not occur sirnul-taneou-sly in the growih

cycle of plairts.

Barthol-omei,¡ e.nd- Janssen; as reported. by Eosi+ell ancl

Parks (?) , state tha.t, plants taj<e up uotassiura tiæou,ghou-t the

growlng period- a.nd- that a d.eficiency at an;r ¡fu" can alîecc
gror",ith. Russell jr6\ reports thai the l'¡ork of Richard-son and-

Tunble shor.¡s Lnat barley takes up potassium rrrapiùLy l',rhen the

plant is snall, as neasured- by the a-nouni of d.ry iaatter present,

but the raie of uplalce falIs i,,rhen the pla.nt is malcing its dry

maüüer raoid.1y"1. The follor¡¡ing cliagra¡q illu-strai;es their
polnt 3 'a

1. 8.. Þlalter

Longmans,

Bussell,

Green and- Co. Ltd.. , L96L) , p. 2?.

Soil Condl-uions and. Plant Growth (Loird.on:
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Deleano; as Russel states, says i"lnai., the amount of
potasslurn in the aerial parts of ühe plant decreases at the

end. of the gror,rlng season. Since this potassiun ls not present

ln the roots he suggests that lt is excreted. baclc into the soil.
lüi1]iasrs (45) found. tlnaí the potassirr¡a content of plant tops

reflected. the concentration of potasslum 1n the med.iun. That 1s;

as the cgncenbration of potassiun lncreased. in the medlum, the con-

centratlon of potassign in the tops also lncreased.. Interestlngly,
'i

at the lower concentratlons of potassium r¡Iil1lams (t+Sl noted. that
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nore plant groluth was prod-uced. per unlt of potassium absorbed..

Luxury consumptlon of potassir-m w111 not occur unless

the potassium level available to, the plant ls hlgh (f9). Law"bon

ani[. Cook (21!) clte T,oehwing as mentlonlng that potasslun absorp-

tlon ls ln excess of plant need.s d.urlng early growth but the

excessive potasslu¡n 1s usually red.lstribuüed d.urlng Latet stages

of growth.

Appllcatlon of potassiun fertillzer increases the corr-

centraülon of potassium ln ühe plant but the lncrease ls nalnly
ln the vegetative parts of the plant. The potasslum concentra-

tion of ühe graln renalns relatlvely unchanged. d.espite d.ifferent
potasslum treatrnents. SnalL graln crops and. corn contaln about

three times as much potassiun 1n the straw as ln the seed. (24).

E'l

Asher and, ozanne (3), worklng wlth f,ourteen specles of
plants grol¡rl on iloagLand. type nutrient cultures, observed. that
root and. top grorvth boüh reached. a maxlmr¡n at approxlnately the
sane potassltm concentration. The potasslum concêntraülons they
used. were L.2, ?.?, 23,?, 91t,.'6, and. lol6r¿-mo1ar. At a I.? p-
molar concentraülon, yle1d.s ÌÍere greatly red.uced. and. synptoms of
severe potasslum deflclency were evldent. Aü ?.?¿u-mo1ar concen*

tration deflclenc¡¡ spnptoms r.rere not evld.enü on most ptrants but 
,

yleld.s Ìrere stllL substantlaLly red.uced.. Und.er cond.ltlons of
poüassium d.eflciency top growüh was nore red.uced. than root gro,*th.
rn thelr stud.y they observed. that most specles achleved maxlnurn

Srowth aü potasslum concentrations between ZLl, and. !J nlcro-moLar.

OPTTT4UM POTASSTUI{ LEVET,S FON PLANT GROWTÏI

11



According'to Asher anð- Ozanne, these concenürations nishi easiLy

ocóur 1n the root environment of soil-gror.\'n pl-ants. Âsher and.

Qza.nne further observed that na.xlnuu yield r,ra.s obtained- r,¡hen the

potassiu.m concentralion ranged- frorc 112 io ]t9Z¿ymoles per gra;-

of tops and- fron 54 to L26,,tt--moJ--^s per gre.a of roots.

Accord.ing to Lauton and. Cook (}Ll) the potasslu¡ require-
ment for the fol1or^¡1ng per e.cre yield-s of r,rheat, oats , and. barley
a:re2

In these cerea.l-s (7Lt(') the

fron 0.3 to 0.J and. in the

wheat (30 ¡u.
oats (50 bu
barley (¿lO ¡u.

fron 0.J to 1.5.

Bray¡ âs rnentioned_ by A1lal.ra1¡ and- Pierue (Z),. state
that 140 pound.s of exchangea.ble pota.ssiun per a.cre 1n ihe surface

slx and tÌ'ro-thirds inches r.ri't1 give good. crop grotrth on the corn

bel-t so1ls of Ioi+a and. ili sconsin. Soils ln the range of 90-tþ0
pound.s of poiassiu¡,'r r'¡ould. probably respond. favorably to pota.ssiun

and. those be]ow p0 pou.nd.s r,¡ould. show,a. good. response. Arla.wa.¡r

and Pierre furlher report that Vollc and. Tru.og suggested. that 1165

pound-s of exchangeabLe potassiur,r per acre is need.ed. for proper
plani 6rorvih, r,¡hereas a.ccoz'd.ing to l,lu.rphy a. LZQ pou-nd.s r^r111 usu-ally

support gooci crop groii'tii on Ok1allg,'lu. *otis aithou.gh occa.siona.l
-"1

responses to potassiu¡n f ertiLize.ti-on Bay occrtr" on soils r^rith up to
200 pou.nd-s of exchaigeabre potassiuro per acre. Albrecht (1) su.g-

Sested. tinat '¡¡hen the exchangeable potasslún supply is less than 100

pounds per acre ihere is cause for concern about plant groi,rth,

T2

25-30 pound"s of potassium
3O-LþO pound.s of pota;ss'i u-¡r

3O-Lþ0 pound.s of potasslu¡r

percen-i, potassiun 1n the grain can ra.nge

s+.Tâ.v,r the percent potassiun can. range



G. SOTL PROPERTTES IN RELATTO,\ TO POTASSIUI.Í UPTAI(E

. 
Jarvorskl

the¡' used. nu-ltiPle

properties a.ffect

tles T,rere:

l.. exchangeable potassiun
2. exchange capacity' 3. percent potassitl.rn saturatlon
þ. exchangeable calciun and ma.gnesiula ,
5. percent organic matter
6. percent clay
7. PH8. potassium supplylng poÏ,rer
9. lnteraciion betri'een some of these

variables and. exchangeable potasslum

They fou-nd. that exchangeable potassium accountecL for 6J percent

of the variation in potassium uptake; that is, the coefficienb
of d.eternination n'as 0"65? I'lhen excha.nge ea.pacity, percent organic
matter, exchangeable calciun, and. potassium supplying poi"re" lrere

lnc1ud.ed. the coefficient of d.eterrnination increased. to 0.82. Fronr

pred.iction equatlons, it rras posslble to forecast that the uptake

of potasslun t^lou-ld. increase when exchangeabl'e potassiun increa.ses,

when exchange capacity d.ecreases, uihen organic malter lncreases,

vrhen exohangeable calciun increases, a.nd. vrhen the potassium sup-

i- plying poríer lncreases.

and. Barker (?0) did. a.n experiment in v¡hich

linear regression analyses to see how soil
uptake of potassium by plants. these proper-

t3

IJIl . RELATTOIIISHTF B$IWEET'T PO,TASSTUI'T AIiIÐ OTHn-R ITUTRTE-I.ÏTS :
1. Phosphorous and. i{ltrogen

SoofÍ, and. Fuehring

potasslnm was lacklngr ¡rlel d

were negative. '0p the other

tlon red.uced uotake tf otn""

(40) observed. that when a.vallable
'ì
responses to nitrogen and phosphorous

hand, excesslve potassiu_n fert L!iza.-

nutrlenüs and. upset crop gror,^rth,



t^lashlro (43), rvoz'kln,ar,rith brorne.gra.ss, fbu-nd. a slight ris.e iil ihe

nitrogen concentre.tion of ihe tissu.e r^lith increasing amounts of

pote-ssirr.n su.ppliecÌ 1n solu-t1on r.1p to l!0 ppm. Be¡rsa6- 40 ppn of

pote.ssi-r::r in.sol-ntion, the na.teria,1 ht"',r""t"C,- aL tl'¡o nontÌ'is shot'recl

a. d-ecrease in 1ts nÍ-trogen coneentration r'rhereas the np-.teri.a.l- han:-

ves-ued e.1; tl.:.ee nonths showe.C- an increase in nitr:ogen. concen'Era-

tion. It r.¡as a.lso note.L tnat lnerea.sing the concentz'ation of the

sol-trilon cl-ecrea.sed. the phosphoror-r.s cot:cent-¡ation lrithin the plants.
j

G1l-linghan (15) condrr.cieC a-n experinetrt r,rith r¡re seed.Ilngs on rfan-

couver ïsLanC soils t.o see lrihet infl-ulence nitro3'en ancj- nhosnhor-

ous ha.ve.on the absorption of excirangea.bl-e pota.ssiu¡r a.nd. ohsez'ved-

tha.t the applica.tior:r of nltrogen ai'lci. phosnhoz'ou-s; either slng]y

or in conbina.tion, lncreased. the a.nor¡-nt of exchangea.jrle poþa.ssiu-in

recor.rered b¡r ¡¡s r{e seed.'ì ings. La.';rton a.nd- Coolr (21+) nention the.t

the u-se of nitz'ogen or phosphorous na.¡r i-ntensif;r o? €'ur€i1 pz'od.uce

potassit::n Ceficieney syincioms if the suppl;r of availa.ble pota..ssiu:r

t s -LoT^r. tn rqost cases this rtas d-ue to inc'¡eased. gror,rfh vLth a

resu-lta.nt d.iLution of potassir;:l.

HamiLton (fe ¡ reporis thaï flertz * ?+. d.epressed the
.¿.
phosphorou-s concentration in a so1l 'se]u-tion by the u-se of pota.s-

j

slrrr chlorid-e: ¡ie fu.rther re,'ooris tha.t Fehr and. ldeseuael fou.nC.

tl.at, at pilf the phosphorous eoncentre.tion of a soil solrltion we.s

l-¿l

lor,rez. in ühe.presence sf potassirr..,:'r chlorid.e a.nd- pote-ssl.un n-lirate

the.n in the presence of potassium sulfa.te. I'lcGeorge z-nd Beazele,

also as reported- by lanilton, forrnd. the so1u.b1l1ty of rocic e.nd.

so1l ohosrrhate d"ecreased. in the presence of potassl-u¡.r chl-orid.e

and- poiàssiun sulfate. I{anllton obserr¡ed- tha.t graln y1e1d.s rea.ched.



a maxlmum wlüh monocalcium phosphate, ammonlum sulfate, and.

potassium ch1or1d.e whereas straw yleld.s reached. a maxlnum wlth

monocalcilm phosphate, ammonlum sulfate, and. potasslum sulfate.

Balley (4), vrorklng ¡¡1th corn on l{anltoba so1Ls, found.

that a calclum to potasslr:m ratlo ln the plant of between 0.10

and. 0.1J, (e:qpressed- ln percenü), gave the best yleld.s. Stan-

ford. et al. (4f) report Hoagland. and. Martln as havlne; found. trraþ

a hlgh calclu¡r and. magneslum to potasslr¡n ratlo v¡lthln t,he plants

had. a d.ecld.ed.Iy lnhiblting effect on ühe growth of barley and.

tomatoes:

Ion antagonlsm or competltion may account for bhe

represslve effecü of lime on potasslum absorptlon or the inverse

caLclrrm poüasslrrm relatlonshlp (31). Peach anà ¡raAfield. (ff )

attrlbute decreased. absorption of potassir¡m to calclum-potasslum

lnüeracülons lnitlated by the ad.djtlon of llme to acld. solls.
The facü that plants absorb more potasslum from sand.y soils low

ln exchangeable potasslun than from heavler solls hlgher in cal-
c1r¡n and. exchangeable poüassltrm ls also attributed. to the high

calcir¡m to potasslum ratio in the soll sol.utlon (3f ).
Plerre and. Bower (lZ) state that 1t nay be posslble

that poor uptake and. yleld. on hlgh l-1ne solls are caused. by hlsh

concentratlons of calclun depresslng both the uptake of iotasstun
and. the amount of exchangeable potasslr.m that goes lnto solut!.on.
However, Tork g9 g!. Ul'6), worklng wlth artiflclally created. cal-
careoì'rs so1ls and, a]-falfa, found. no evid.ence that calclum lons ln

2. CaIclun and. Magneslun
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the presence of free calclum carbonate lnhlblted. potasslr-rm

absorptlon by ühe plants.

A few workers (2, B, 41. ) have noted that corn grown

on hlgh l1ne solls ln fov¡a and. l¡llsconsln exhlbited- poor growüh

and. d.eflclency symptons. Some of ühese solls had. as much as 1I+O

to 200 pound.s of exchangeable potasslum per acrer Hlth the add.t-

tlon of potasslr¡m fertlllzer corn ylerds on these soll-s were

lncreased substantia.lly. The workers concluded. that ühe poor

corn grovrth was due to the plantst failure to absorb ad.equa.te

anounüs of potas:f,* because of an u-nfavourable baLance of cations
both withln the planË end. 1n the so1l. Stanford. et aI. (4f ) c1aln
that a oalcium and magnesiun to potassiu¡o ratlo above J, (ex-

preissed in,nreq per plant), lndicates an unfavourable balance

between the calclum, magneslum and. potassll¡m within the p1ant.
rnd.eed., only ratlos of lesb than j.5 al'.e suggestlve of a stste of

)

favou-rabLe balance. 'r{hen contrasted. with the unproductlve fle1d.s,
the potasslun content of the plants grolrn on prod.uctlve field.s
was hlgher but tlielr calcltm and. magneslum contenü was lower (4f).
One of the effests of potasslum fertlllzatlon was üo red.uce.- the
amount of calclum and. magneslr¡n r,rlthin the plant (&1). Evld.ently
the lncreased uptake of potasslun resultlng fron ferül.llzatlon
ad.Justed. the proportlons of calclun, magneslum, an¿ potasslun so

that a favourable catlon baLance was attained.. Thus, Allawa¡r and..

Plerre (2't conclude that a hlgher level of exchangeabl-e poüassl.um 
-ì/

ls necessary for hlgh l1me solLs than for normal soils. Allaway
and. Plerre (2) also polnt ouü that a few of the prod.uctlve soils
they worked- wlth had. a hleih caLclum carbonate content. There-

L6



fore, they conclud.ed that calcluu carbonate 1s not the controlllng

factor ln d.etermlnlng the productivity of the two ty¡res of solIs.,

Russ_ell ß?) states that heavy potasslurn ferüil1 zatl.on ls requi-
red. on the chalk solls of southern and eaðtern England. ollng to
,the hlgh levels of calcium 1n su.ch solls.

I.

Potasslu$ may have yet another lnterestlng effect on

plant gronüh. Some workers have noted. that potassirm seems to
red.uce frost d.ama.ge 1n nany t¡rpes of plants. Meyer et a1_. ,2A¡

report that frost d.amage to plants ls of tivo typãs;'lnbercel1ular
freezing and. lntracellular freezing. Crystall izatTon of water

¡ lntercel-lu1ar freezlng.
This occurs most comrnonly when hlgher plants are ftozen, lrrater

moves toward. the ice crystals from bord.ering ce1ls and. also from

more d-istant ce1ls by passage through lntervening ce}ls. Crystal-
llzatlon occurring very rapld.1y wlthln the cells rather than

wlthln the inüercellr¡-lar spaces prod.uces lntracellular freezlng. -

rn the case of lntracerlurar freezlng rce may fo:ru ln the cyto-
þlasm, or ln the vacuole, or ln boüh, or. it may even form between

the cell waLl and. the protoplasn. Intracellular freezlng "ro"", 
'

da.nage because of the laceratl¡g effect of loe on ühe cytopilasn.
Intercellular freezing _nay d.amage the plant ln trvo ways. rt roay

d.ehydrate the protoplasm and so d.lsorganlze lt. or 1t may be

that the 1ce crystals ln tho lntercellular spaces cause mechan-

lcaL d.efornation of the protoplasm. ileyer et al. (zg) mention
the posslbllrty of pLant d.amage when frozen plants are thawed,.

J
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Such damage can be caused. by mechanlcal d.lstortions of the pro-

toplasn as a result of rapld- r€-êrrtry of water 1nùo the cells
frorn the lntercellular spaces. ¡

Meyer g! àl:" (ZS¡ state that the basis for frosü reslsü-
. ance 1l-es ln the properti.es of the protoplasn. An lncrea.sed. per-'

neablIlüy of the protoplasmic membrane to water and. other. polar

compound.s, a d.ecreased. structuraL viscosity of the cytoplasm, and.

a reduced. llabillty to coagulation in case of d.ehydratlon of cêT-

tain layers of cytoplasm, are sone of the changes in protoplasnlc

properties which reLate to the hard.ening of pì.ant üissue. All of
these may contribute to lncreased. frost resistance. Other less

lnportant feaüures assoclated. v¡lth frost resistance are: low ce1I-
¡¡ater content, reLatively high sugar content w1th1n the cells, and.

a reLatively high osnotlc pressure wlthin the ce11s. These fact-
ors reduce the amount of celI shrlnkage nlth freezing and. hence

d.ecrease the d.efornatlons of Ëhe protoplasm.

There are many factors to be consld.ered. when looklng at
frost damag;e. Accord.ing to Levitt (26') frost d.amage d.epend.s upon!

! 1. rate of freezing
2, rate of thawing

. 3, Length of t1¡ae frozenl*n number of tfunes frozen
" 5. post ühawlng treaünenü ,ò

Jung and. Salth (22), 1n sunmarlzlng thelr work wlth
alfalfa, say tinat the percent plant survlval after erposure to
freezlng temperatures lncreased. as the level of elemental poüas-

slum ad.d.ed. lncreased., until a l-evel of 200 pound.s per acre was

reached.. Beyond. the 200 pound. lever the percent survival
d.ecreased.. fn thls experinent the Level of e:Lenental phosphorous('

1B



-t-

Tlas helcl consta.nt at B0 *uou.nc'l-s per a.cîe. The;i also for¡-ncì'cïta.i ihe

oerceni srr.rviva.l afier freezing rras coÌ1stan'i, r.¡hen both potassiuil

and phosphorou.s ï¡ere ad.d.ecl provicied- the ratio of the tuo elenents

was 5 of pot,a.ssiurl Lo 2 of phosphorousr ,

Baunann, e.ccord.lng to Le-¡itü (?il, noted. th.ar pota-r,oes

supplied. ¡¡lüh poiassium rrere u-ni:ejured. at tenpera.tures slighil;r
beLot¡ îreezing rvhj-le unfez'bil-ized. potatoes 'u¡ere cì-anaaged.. äe felt
this r¡as d.u.e io poorez' i;ransportation of ca.rbohyd.rates in i:oüas-

slr¡n-d.eficlent Þl.a.nts. ApparentLy the co-z'bohycJ.rates can be rês-
pired. r^Iith prodrrciion of heai lvhich protects the pLa.trts. Levitt
(2il menilons 'bhat tlilheln a.t-,,ribu-'bes the favoure.bl-e effect of pot-

assium on p1a.n-r,s exposed to fz'eezing tenperatures to an increa.se

in cell sap concentr a1-iron l,rhich proilotes an lncreased" ceflulâr
resistance to d.ehyclra.tion. Levitt fuz'bher reporis oiher uorliers

have noted- Ehat pota.ssiu:n and- phosphorou-s uork in conblnation to
prornote frost resis'r,ance. Tasud.ar.again as reported. by T-,eviti,

claims pota.ssir.m d.eficieacy inhibits the fozruation of su.gar in
barley pla.nts and. so red-rt-ces their hard-iness. Age.in a.ccord.ing to

Levit;t, Arland. cLains tha| pobassiurn d.eficiency lead.s to d.ecreased-

frost resistance bece.use of a hi-gh üra.nspiration rate. Black (6)

rrithin the plant can not

d.epress the freezing point sufflcienily Ëo aff,ect the freezing
\

lficien'b plan'us

have a higher soluable ca-rbohyd.rate content. ?La.nts which a.re rela-
tlvely high Ln ce.rbohyd.raües tend. to be cold. resistant. Black a.lso

states tinat pota.ssiu,:-su.fficient a3.f airf a planüs suffer less fror'¿

wlnter k111 tlna.n potassitu-d.eficlent plants. Stoklase. ¡ a.s reported

1cl



by Larvton and. Cook (211,), mentions that potasslun helps malntaln

proper turgor ln planü cells and. it ls thls property lshich 1s 'c

lnportant Ln lncreaslng the reslstance of plants to the d.ehydrat-

lng effecüs of frost.
Thus, ln sketchlng a concLuslon, lt ls clearLy evid.ent

that poüasslu:n ls required. for pla-nt grorrbh although lts func-
üions are not d.efinltely known. Potasslum exlsts ln the soll ln
an equlllbrium betlveen non-exchangeable potasslum, exchangeable

potasslrm, and. rvater soluble potasslum. The. amount of potasslum

wlthln the p1a.nü 1s related. üo the amount of available poüassium

wlthin the soll. To contribute 1n the rnost beneficial way to
plant grorvüh potassir.rn must be be.Lanced. with other requlred. nutrl-
ents. A*di finally, in adclltlon to its contrlbutions to plant
grortth, by some mechanlsm potasslum seeas to help prevent frost
d.a^nage.
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rrr tg6z FIELD BXPERTi{uITT

+

fn l96? a field erperi?oent l,¡as cond.ucted- to deternine

the eff ect of potassiu-n f ertili zation on cereal groøth a.nd. yleld..

Resttlts fron L965 anð. rg66 fleLd experinents lnfluenced. the d.eci-

slon.io underiake the 196? experiment. 'rlne 1965 anð. l-966 results
(t8, ll4) he.d- lnd.icated- a v¡heat and. barley response to potassiun

fertllizat\on on solls having an exchangeable potassiun leve1 coÐ-

sld.ered ad.equate for cereal growth. Although the responses

reported ¡iere not sta.tistica.lly significant , .05 1evel, they dicL

suggest a profitable response courd. be obtalned. by applylng potas-
slum fertilizet to soils for which present soil test recomnenda-

flons do not advise pota.ssiu¡o application.
The Lg65 results, by Iïedlin and_ Soper (.fS¡, showed. a.

barley yleld response to potassium fertlLl zaçion on three calcar-
eous solls r^Iith relatively high exchangeable poüassiun levels.
However, on a fourth fleld. ür1a1 cond.ucted. on an acld.ic soil, also
wlth a relatlvely high exchangeable potasslu¡n 1eveL, the barley
d.1d not respond. to potasslu.n. In l966, triebber and. Soper (4t+)

reported. slmilar results wlth wheat anO. ùa.rley. Potassium fertf-
llzation lncreased. wheat and barley yleld.s, ll bushels plusr oï1 cal.;
careous soils rvith rela'ulvely hlsh excha.ngeable potassium leveLs.

Bui, only a sllght v.'heat, yield. increase , 0.5 bushels, ïra.s otseívea
on an acld.lc soil also havlng a relatively hlgh exchangeable pot,asstuul

l-eveI.

'.t
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Ar OBJECTÏV3S:

To d.eternlne the effect of potasslll¡l fertlli za.trron on Jrleld.s

and. potasslum uptake of cereals grown on cal-careous soils
with va,rious exchangeable poüass1ulr levels. Fuz'thermore, to
relate the results of the erperiment to existlng soll test
recoanend.ations r^rlth the obJectlve of conflrning or lnpro.riro*

present potassium recorrmend.atlons for the growth of wheat,

oats a.nd. barley on ca.lcareous soiIs.

L.

2. To sfud.y the effect of pote.ssium

concentration, potassiurn upta.ke,

at early stages of cereal growth

of exchangeable potasslum.

3. To deterrnlne the effect of the exchangeable ca/x ratio of
the soll at seed.lng on cereal yield.s and. pota.sslun uptake by

cereals.

?2

ll. To a.scertaln if there ls a relationshlp betr,¡een nltrogen and.

potassilm uptake by cereals.'

B. IUATSRIALS A}iÐ }i3lHODS ?

solls: Flve fleld. trials were located. on carcareous soltrs. The

exchangeabl-e potassiun le'¡el- of +-hese soll-s r-arled. fron þB to i.l]-
ppm. Two Alnaslppi solls, one located. south.of prumas (rz¡ and.

one south of Glad.stone (ff ¡, two Gla.d.stone solls (1I), both locaËed.

south of Gla.d.stóne, and. one l,larquette soll (tO¡, Iocated north of
Stoner'rall, were used.. lable 1 Llsts sorne of the characterlstlcs

fertlli ze.tion on potassium

and. yield. of plant natter,
on soils r'¡ith various levels



Co-operator

Soil Associ-at:'.on

K (ppm)

Ca (rneq/I.00g)

ctlx n"tio(1)

Mg (meq/1-00g)

ca+Mg/K R"tio(2)

Conductivity (mmhos/cn)

pH

Texture

CaCO, (with HCl)

P (ppm)
(UaHCO^ extractable)

3

Table 1

Characteri.stics of the Soils Used in the 1967
. FieJ-d ExperimenË

0- 6
6-12

0- 6

Peters.

Al-rnasippí

4B

32

116

- 4.4

r.53

0.5

. 9.1

L.F.S.

lor'¡
lorv

2.7
L.4

0- 6

0- 6

0- 6

0- 6

0- 6

¿\rthur

Almasíppí

68
29

26.9

15s

7.0

195

0.5

7.6

L..F.S.

high
very high

L0.0
1.3

23

Freeborn

Gladstone

94
5B

26.2

109

6.L

L34

0.5

7,7

v.F.s.c.L.

very high
very hígh

7.2
2.1"

Car Mg and K --- anrmonÍum acet,ate .extractable

(1) CalK Ratio = neq C.a/100e qf soil-

0-
6-

0-
6-

Foxon

Gl-adstone

2LT
76

32.9

6l_

4.5

69

0.6

7.4

C.L.

very high
very hfgh

6.0
1.0

.(2) Ca+.'t4g/K Ratio =

6
L2

6
L2

Ervanek

Marquette

34L
205

33.4

3B

7.8

47

0.5

7,6

c.

mediurn
hlgh

5.4
tr'o

Ca+Me/l0CIs of soil
K/Loog of soll



of the soi1s.

Experine-nüal.De-çiEn: The t11a1s consisted. of six replicates

and. were in a rand"omized. block d.eslgn. Table 3 llsts the treat-
ments and. crois growrl.

lroce.clurer The trials r¡ere planted. in the ühird. rveek of l,iay.

The seed., and. any fertlllzer ad-d.ed. wlth the seed, was d.rllled ln
wlth a. slx ror,r self-propelled- seed-er of the V-belt d,eslgn, Each

lndivld.uaI plot v,ra.s 6 ro¡rs in wld.th, 42 inches, and. thlrty feet

ln lengih.

Al1 treatments except 1, 6, and 11 recelved. the equlv-

alent of 90 pound.s of nltrogen and. J0 pound.s of P2O5 per acre.

The nltrogen v¡as broad.cast over the so1l surface ln the fo:m of

NH¿liqo3 (33.5-O-O). The phosphorous, applied as I{H4H2PO4 (ff -4e-O¡,

was d.rilled. ln with ühe seed.

Treatments 3, 4, B, 9, 13, and. 1ll received. potassiu."n ln
the form of li0l d.rlIled. 1n wlth the seed. 0n treatments J, 10, L5,

and 16, KCI r¡as broad-cast over the soil surface.

. I{anltou wheat r,ras grorm ol. treatments 1 to 5, Rod.ney oa-r,s

on treatments 6 to L0, and. Conquest barlèy on treatments 11 to 16.

Approximately three rveel<s after seedlng a. frost occurred

ln the area of the Foxon, Freeborn, and. Arthur trials causing d.ara-

age to the ptrants of those three tz'la.Ls. ft- was a-ppa.rent ühat the

d.amage to the barley planüs tras nore severe on the plots that had..

not recelved potassium fertlllzer ühan on those that had.. l,lore-

over, the da¡nage üo the barley plants r.ras least severe on the plotp
¡rhlch had- recelved. the hlghest rates of poiassium. Therefore, ln

ì

2Lþ



ord.er to d.etermine rvhether or not the potassium content of the .j

barley plants d-lffered accord.ing to the treatnent v¡hich had. been

applled-, .a three foot portion frora t,he tv¡o central rov¡s of eacln

frost-d.amaged.:plot ri¡as harvested. The harvested natetl¿al was air-
d.ried and r,.relghed.. Then the p]-ant nattef froir each ind.lvidual

treatment of the six replica.tes uras bulked., ground. ln a l,íiley mill
and analyzeð- for potassium content. As no pattern for the damage.

suffered. by the v¡heat and. oats could. be d.istingulshed. anong the

various trealnents they r.rere not sanpled..

At about the fifth leaf stage of gro'irth a lO-foot por-

Ùion fron each of t¡ro central rows r,¡as harvested. ln each plot of
the Arthur, Freeborn, and- Foxon trlals. On ühe Feters trial only

the v¡heal plots lrere sa.!ap] ed because of w1ld. oat infestation in
the barley and. oa.t plots. The Ev¡anek trial was noü sampled. at all
because a lack of moisture had- resulted. in variable gerrninatlon

and. hence the pla.nt natter was not at a uniform stage of growth.

the harvesied. materlal was aLr-d.ried. and. weighed.. The plant natter
from each lnd-ivid.uaI trealmenb of the slx repllcates was bulked.,

ground. ln a }llIey rnill, and. ana.lyzed, for potasslun content.

When the plants were mature, a L0-foot portion from each

of the tv¡o ceniral roI¡¡s r,¡as harvesüed. in every plot of the flve
trials. The harvested. naterial v¡as dried., lreighed-, and. threshed.

After threshlng, the graln from each ind.lvid.ual treatment of the

s1x replicates was welghed., bul-ked., ground. 1n a Hiley nlIl and.

analyzed for potasslum and. nltrogen content. Th_*= straw rvas hand.led.

ln a slmJlar fashion.
i
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c.

Besults of the barley sampling on the Arthur, Freeborn,

and Foxon trials at trvenl¡r-sns d.ays of groi.rth (table 2) lnd.icated-

.a yleld- and- potassiura uptake response where nitrogen and. phosphor-

ous fertilizer had. been app1led.. lfhere potassium ferti zet rra.d-

also been applied. a. further yield. and. pota.sslum uptalre response

was evid.ent; the largest response being to the 15 pound. K2o :';reat-

ment. On two tria.ls, the Arthur and. Freeborn, the lJ pound. K2O

treatment also prod.uced. the greatesü percent potasslurn in the

barley plants. IÌowever, on the Foxon trial, the appllcation of
potasslun fertili zev falLed. to lncrease the potassiu¡a concentra-

tion 1n the barley plants. These find.ings r¡ere of interest because

the percent potassiu*n 1n the barley plants al twenty-one d.ays of
growth was significantly correlated., .0J Ievel, ¡riüh final barley
yleld.s, :=0.87. i{ence the data from the first trv.enty-one days of
growth suggesüs that 15 pound.s of K20 per a,cre, KC1 d.rilIed. in with
ühe seed-, nay enhance growbh, potasslun uptake and. the concentratlon
of potassium wlthln.the barley plants d.uring early stages of growth,

as well as lncreasing flnal yield.s. Horrever, applicatlon rates
greater ühan lJ pound.s of K2O per acre were of no further benefiü ln
the flrst stages of growüh,

The results o_f the barley sanpllng aü the fifbh leaf
stage.of growbh (table 3), on the Arthur, Freeborn, and Foxon tr1als
lnöicated. that niürogen and. phosphorous fertilizer increased. pobas-

sit¡n upüake and. yleld.; buË gave no concluslve lnd.ication that potas-
siun fertllization had. further'increased yields at this stage of

RESULTS AND DTSCUSSÏOI.I:
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.ceqggteg-o:

Table 2

Yield, Potassl.um Uptake and the Percenü Potassfum fn the Barley
Plant lvlatter aE 2L Days of GrowÈh (L967)

Yle1d (lb/ac) Potassium Uptake (lb/ac) Percent Potassium

Ar-Ë!fgr-_-Egæ.þ-o_re___Ep_en-._ _-.ér_qJl.qE _-frge-Lp_rg__-Igtog_.-__AÉL1¡3_rrqeboæ-_goxon

Treatment
iN-P2o5-K2o(1)

;-J

11. p - A ,0 66.3 86.4 sL.4 L.s7 3.16 3.7g 2.g7 3.46 4.ts 
;

3.10 4.18 s.es 2.6L 3.78 4.75 j

13.,, go - 30 15D 156.8 L23.8 133.9 5.17 5.37 6.32 3.30 4.34 4.72 
r
iL4. 90 - 30 30D 125.7 101.0 L21.L 4.r4 4.32 5.66 3.2g 4.28 4.67 
,
:

15. 90 - 30 608 15L.3 118.4 Lzg.B tt.L6 4.4g 6.05 2.75 3.7g 4.66, i

L6. 90 - 30 - t-0oB L25.7 L04.7 L22.O 3.24 3.78 5.90 2.58 3.61 4.84 j

D KCI drilled f1 wf.th the seed

B KCI broadcast on the sofl surface

(1) nutrfenÈs in pounds per acre

tuÌ\):



Table 3

Yleld, Potassfum UpÈake and Percent PoËasslum fn the Plant Matter
. Sarnpled at the Fifth Leaf Stage of Growth (1967)

Yield (cv¡t/ac) PoËassíum Uptake (lb/ac) Pereent Potassfum
,-Co-Jrlre,?ator BeteJ.q Àrfhttr T'reehorn T'orron Pctp,rs Arqhrrr Free:hofn Eowon Peters {rthur Fteg.horn T'o'ron

hheat

'i
l

'

I

I

I
I
'i1

T

L

I
I
,

lt

1.
2,
3.
4.
5.

Treatment
tL)N-P205-K2O.

0- 0 o
90- 30 - 0
90- 30)- 15D,
90 - 30 30D
90- 30 -1008
L.S.D. (.05)

2.5
3.7
5.2
5.8
4,2
1.1

3.6
4.4
5.5
5.5
5.2
NS

6.7
10,6
10.9
10.1
1I.0
NS

7.8
].'2.O
LL.4
11. 6
12.0
NS

6.5
8.7

14.5
18.6
r.3.4

27.L
46.3
4L.4
4r,6
43.0

2.60
2.35
2.79
3.20
3.20

3.16
2.72
2.6L
3.46
3.24

11.4 25 .7
L2,0 42.2
L4.4 ,42.719.0 ' 42.L
r_6 . B 42.4

3.84 3.47
3.98 3.62
3.92 3.63
4.L7 3 . s9
3.85 3.58

Oats

;!

I
.:

6, 0- 0 0
7. 90- 30 0
8. 90 - 30 15D
9. 90- 30 - 30D

10. '90 - 30 - 1008
L.S.D. (.05)

t,
3.1
3.6
'4.5
4.O
0.9

4.L
6.5
6.1
6.3
6.6

NS

4.5
8.4
9.1
8.8
9.6

NS'

6.8
8.3

L2.3
L6.9
L4.5

t5.6
26.0
24.6
28.5
28.L

20.5
37 .4
40.6
40.2
42.9

3.1-0
2.67
3.4L
3.75
3.62

3 .80 4 .55
4.00 4.45
4.04 4.46
4.52 4.57
4,25 4,47

Barley

11.
L2.
13.
L4.
15.
l_6.

0- 0
90- 30
90- 30
90- 30
90- 30
90- 30
L.S.D. (.

0
0

15D
30D
608

- 1_008

2.L 10. 1
5.9 r_7.8
6.6 18.7
5.5 16.1
6. 3 L6.2
4.7 L7.7
NS NS

D

B

(1)

7,3
15.3
L4.9
r.3.6
1-5. 5
L7.3
NS

6.3
L7.2
2r.6
18. 5
]-7.l
]-6.2

36 .8
63.9
7 3.9
66.5
60.1
68. l-

,'7 0

59.5
sB.6
57 .r
63. l
7l_. l-

2.99
z.9L
3.27
3.36'
2.7L
3.44

3.64 3.82
3.5S 3.89
3.9s 3.93
/r. J-3 4.20
3.7L t+.07
3. 85 4.LL

05) tù:
æi

KCl- drtlled fn with the seed

KCI broadcast on the soil surface
nutrients in pounds per acre



gror^rth. Ho,rlever, ln most cases, potassium uptake d.ld. lncrease

with potassiun fertili za9i-on. The potassit¡l concentration in the

barley pla.nts also increased. r.rith all but .one potassiun treatment

on one trialr' treatment L5 on the Arthur trial' A slgniflcarrt-,

.05 1evel, although low, correlation coefficieni, r=0,69, was cal-

culaüed. betrseen the potassium concentration in the barley planüs

aE the fifth leaf stage of groi+th and. final barl-ey yie1d.s. 0vera11,

treatment 1þ r¡as consid.ered. optinun with regard. to the percent poi-

assiu¡l 1n the barley plants at the fifth leaf stage of grorvùh.

Results of the lyheat sanpling at the fifth leaf stage of

grovrth (table 3l on the Peters, Arthur, Freeborn, and- Foxon trials

lnd.lcated. that niürogen a.nd. phosphorous fertilizer inctreased. pot-

assium uptake and. y1eId.. i.lith the a.pplication of potassiu.n. fer-
tl11zer as we1l, yield. and. potasslun uptake were further lncreased.

on soils lvith exchangeabl-e potassiun levels of 68 ppro or less. tsuü,

the application of potasslr-m on soils having higher exchangeable

potasslurn leve]s prod.uced. no yleld., potassiua uptaker or percent

potassium, response in ühe r¡heat plant matter aü the fifth leaf

stage of gronth, On the Peters and. Arihur trials the lJ pound. K20

trea-tment prod.uced. the best yield. increa'se per unit of fertili zel,

lncreasing yield-s by 150'and. 110 pound.s respectively. The increase

on the Feters trial s-"atistically significant, .0J level-, 
,

allhough the lncrease on tire Arthur trial was itot.' ResuLis ftron 
"

ühe Peters and. Arühur tíi"f" also lnd.lcated. that potassium ferti-
LLzation lncreased. pote.ssiun concentration in the '¡,rheat plants at

the fifth leaf stage äf grorvth. However, the correlation coef-

ficlen-r,, ç0.49, betr^leen the potassiun concentratlon at this stage
:-
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of growtli and. final ¡vheai yielcls wa.s non-signif i cant a.t the "05

leve1.

Besults of the oat sa:uþlinE at the flfth 1ea.f stage of

growüh on the Arthur, Freeborn and- Foxon trlals (ta.ble 3) indi-
ca.t,eð- that nitrogen a.nd- phosphorous f ertill zer incteased. pof a.ssium

uptake and- yield-. On the Arthu-r trial-, applica.tion of pota.ssiuro

as well prod.t:.ced a. fu-rther response; the 15 pou-nd. KrO treaunent

proclucing a substantial increase t¡¡hile the 30 a.ncl 100 pouird i(r0

treatments prod.uced. signlficant increases. This suggesüs the like-
llhood. of an oaL response to pota.ssir¡m f ertill ze.tl-on a.i the flfth
lee.f s'i;a.ge of grolrth on soils of lower excha.ngea.ble potassium

levels, 68 þÞa or less. However, the results fron the other tr¡ro

tria,ls, the Foxon and. Freeborn, nhlch nere higher in exchangea.ble

potassiwnn shorteci. no concluslve evid.ence for an oat y1e1d- response

to potas"iî feriiliza.tion at the fifth leaf stage of gror'ith, Sin-

lla.rLy, the u-ptake of poüassiu-m anO- tir" concentration of potassium

ln the oa.t pl.anb lvere substantially increased by potasslua ferli-
Llza.tj-on on Ëhe Arühu.r 'i;rial but not on the Freeborn and. Foxon

ËriaLs. A significant , ,OJ level, rele.tionship, :=0.90, r¡ras

observed. bet'¡een ihe percent potasslrrn in the oat plant at thls
süage of grolrih and the final oa.E yields.

lhe rooia-sslum-recorn¡ngnd.ation for cereals on the soils of
the- Peters and- .crthur {rials was 15 pound.s of KrO per acre (42)

.i'¿

and.-the recoÌLïend.ed. meühod. of applica.tlon na's bo d.rill ihe potas-

"iT in r¡iüh the seed.. Therefore, on these soils, a rrheat, oal,
and. barley response to potassinm fertilizer llas e:cpected.. On the

Feterstr1a,1,therelr'a,sas1gnificant,.0J1e-le1,grainand.üota,].
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Grain and Total Yields of l,lheat, Oats and Barley
at Final- Harvesr (L967)

Graín Yield (bu/ac) Total Yield (cwt/ac)
rthur Freeborn FoxonPeters Arthur Ewanek

Iüheat,

Ervanek

l_.
,
)
J¡

4,
5.

Treatment

11)N-P2O5-K2Or

0- 0 - 0
90- 30 0
90 - 30 15D
90 - 30 30D
90- 30 -1008
L.S.D. (.05)

15. 6
22.9
34.4
31. B
29.4
6.9

L5.7
2L.5
22.9
22.2
22.L

NS

25.L
32.3
29.3
30.0
29,5

NS

'r1 0

33. 6
3L.4
28.7
29.2

NS

15. 3
36.2
25.3
24.7
29.8
6.6

23.3
37.4
49.3
48.0
44.7
9.7

2L.6
26.9

. .31.0
31.6
32.5

NS

40. 3
42.5
39.0
39 .0
43.2

NS

27.s
46.2
42.9
39.1_
39.9
5.6

L8; 0
4q .0
37.8
36.2
40.4
6.7

Oats

6.
7.
8.
o

10.

0- 0 - 0
90- 30 0
90 - 30 15D
90- 30 : 30D
90- 30 -1_008
L.s.D. (.OS)

22.3
54.7
67.5
62.5
s9.5

NS

1t,.1(2)
L3.4
1,8.7
L9.2
19.1
4.8

45.L
49.2
54.2
56.6
62.8
10.1

49.8
68. B

67.4
69.2
66.5
NS

37 .4
52.2
62.8
57.6
7L.6

NS

20.8
44.8
51.0
t+9.9
48.1

NS

11.3(2)
L4.L
1-6.1
18.1
I_6 .8

NS

32.6
34.3,
36.1
37,5
4L.5
6.9

33. 0
45.L
43.0
44.5
42.4
NS

27 ,J- '

43,7
39 .8
45.8
53.?

NS

Barley

11.
L2.
13.
L4.
15.
L6,

0-
90-'
90-
90-
90-
90-
L. S.D.

0
15D
30D
608

26.8
42.4
47.7
43.3
43.9
34.5

NS

L9.2
40.1
40.4
34.9
37.s
36.7

NS

D

B-
(1)
(2>

0
30

38.0 36.7
4L.6 53,2
44.6 s1.0
43.9 48.3
42,2 5s. 3
39.0 56.9
NS 4.4

27.3
64.9
64.2
63.4
68. 9
64.2

NS

31.4
,53.8
56.7
s6:3
55.8
52.6
.NS

L9.2
29.4
37 .5
33.3
34. l_

33.8
7.3

32.3
3e.5
4r..8
4L.3
40.2
39.5

NS

33.5
50.1
47.7
45.0
51.9
55.2
4.3

31. 9
60.0
57.8
58.7
62.2
6L.9

NS

30
30
30
30 - 1008
(.0s)

\¡)
HKCl drilled Ín r¿ith the seed

KCI- broadcast on the sofl surface
nutrients in pounds per acre
oat ¡rLe1ds r.¡ere small , prqba-bLy due to lor^t
prec*f.g^itation duríng growing s_easjn

.l

'1
l,



yield. response by nheat anð, a s.ubstantial but non-slgnifica.nt , .05

level, response by oats a.nd. ba.rley to the recorqmend.ed. treatnent

(tab1e 4). Furthermore, an overa.ll conparison of the ¡,1s1d.s pro-

d.uced. by the va.rious potassiu.rc treatrnents revealed. trra.i the L5

pound K2O treatment wa.s optiuun for cereals on this soil. 0n the

Arthur trial, only oat graln sholued- a slgnificant response, .05

Ievel, to potassirrm fertiliza..tIory the optiraun trea.tnnent being 1J

pouncls of H2O. i.'trhea.t and- barley resrr.'lts ind.icated-.no graln yielcl

response to the application of potassiurn. Horvever, 15 pouncls of
K2O d.id. lncrease total wheat and. barley yield.s. The barley toËal

yield. increase r,¡as significant af, the .OJ leveI. Therefore, the

results of these tr.¡o trials supÞort, though not conclusively, the

present potassiu.c reconnend.ations for the tno exche.ngeable poias-

siuro levels represent,ed. by .these soils.
The soil test recornuend.ailon (42) for the Freeborn trial

d.id. not ad.vise appl-lcation of potassiu-rn for wheat, oats, and. bar-

Iey. But, as this so11 had. an exchangeable potassirui level oî 9t+

Þpn, only 9 ppn above the present critical potassiu-in level for
cereal grorrbh, ii r.ias d.oubüful whether or not the cer-eal grains

¡rouId. show a response to potassiun. The yieId. results (taUte ll),
both-grain and. úotaI, revealed. tha.t v¡heat d.id. not respond. to potas-

sirm. fertilizatlon on'this soil , alnð-, in fact, wheat yield.s were

red.uced- by potassium-e.pp1icaüion, üreatments 3, itr, and J. Oats on

the'other hand., shor¡ed. a favorable response to all pota-ssiäm treat-
ments. The lJ pound. K2O treatnent lncreasecL oat Erain yleld-s slg-
nlficantly and- the l0 pound. K2O treatrc.ent lncreasecl oat grain and.

total ylelcLs slgn1f1cant1y, ,05 level, Barley too shor,red. a resþonse
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to the 15 pou.nd. K2o treabrqent a.lthou-gh lt'¡as noi slSnilicantv aE

the .0J level, a. I bushel increase in barley grain yield' anö' a'

ZJO pov-nd increase ln total bar]ey yield.. FÌoi'¡ever, the barle)'

yield.s prod.uced. by the 30, 60, and. 100 porrnd- K2O treatments ruere

lorver tnan those prod.uced- by the 15 pound. K2A treatment. There-

fore, although these resu-l-ts su.pport the present potassiu-in r€coì1-

mend.ations for r,rheat they also suggest t|na.t oat, and possibl¡' bar-

Iey yleIds, eould. be increased- by potassi-un fertilization even on

soil-s r^rlth an exchangeable po-r,a.sslun leveL as high as !l¡ ppn.

The exchangeable potasslun levels of the solls of the

Ertanek a.nd. Foxon trials T.IaS rated- as Very high and- therefore the

soil test reconnend.ation (42¡ d.lci. not advise ühe applicatlon of

potassitrn for cerea.l grot'rbh. i{ence, oh these t'¡ro trlals, a' r'rheat'

oa.t',. or barley response !o potassitr.m fertilization v¡a.s not expected-.

The graln and. tota.l yield. resul-üs for whea.t (ta¡fe þ) bore ou-t these

expectatlons a.s pota.ssiun ferüilizetion red-uceC. ylelds on both

trlals. The reduciion on the Er,¡anek tria.l v¡as signlficant aE a.n

.OJ 1eveL. On the Foxon tr1al potasslun fertllization either d-id-

4Ot altel oat.gra.in and- total yieLc"sr. treatnent 9, or else decreased-

them, treatments I and- 10. But, on the Èwa.nek trial , oat yleld's

lrere subste.ntially, although non-signlficantl y, increa.sed. by pot-
^

asslum feril1l za?Lo:n; 'treajnent L0 lllustrated' a ]-9'4 bushel per

acre lncrease. Barley grolin on the Foxon trial shorqeC. e.n lncreased.

response 1n grain and. total yleld.s to broa-d.cast potasslt:m treat-
t-

ments L5 and. 16. And., on the Ðu¡anek triaÌ, treatrnent lJ produced.

lncreased. barley graln'and. total- barley yield.s although the lncreaçe

r,ras not slgnlficant at an.OJ leve]-. On the other potasslu:n treat-
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ments of. these Ewo trLals barley yield.s Ì,Iere red.uced-. Therefore,

these results support the reeomltend-ation for rvheat, but suggest

that oa.ts and'oayley might respond. to high broad-cast applicaiion
of pota.ssiua, 60 and, 100 pound.s of KrA per acre, even on soil-s

r.¡it.h verr¡ high levels of excha.ngeable pota.sslrr:n.

tn L96?,' Ridley (3il and. Bailey (St reported- sir:nila.rly

lnconclu:si¡¡e barle;r resu.lts fron thelr l,îanitoba. field tria.ls.
Ridleyrs tria.ls Ì'Iere loca.ted. on solls rvhich hed. an exchangeable

pota.ssiu.n leve'l consid.ered. sufflcient foz' be.rLey growth an¿ his
date indi ca.Leð_ no barl ey response to pota.ssium fertlli za.lion. on

the other hand-r'Bai].e)'¡ ,¡hose trialS Ìfere also localecL on soils
rvhich were consid-ered- to have an ad.equ.ate level of exchangeable

potassium for barley groi'.rbh, reported- a good. barley y1eLd. respollse

to potassiun fertili zatlon, pa.r'bicul ar1Í on the lJO ancl 200 pou:rd

KtO per acre broad-cast treat¡rents.

Total pota.ssiu:r u.ptake by wheat (table 5) lncreased. on

the Peters and- Arihu.r trials lvith potassiun applica.tion. 0n the
Freeirorn trlal, only the 100 pound- Ï,ro application resurted. in an

lncreased. pota.ssium upta^ke. 0n the Foxon a.nd. Er,¡anek trials, pot-
assitru a.pplication d-ecreased. uptake by r.rhea.t. i,iith oa.tsr potas-

)
"slum appl-icatlon consisüentl¡' Lncreased. total potassiu_n u.ptake on

the Peters, Arthur, Freeborn, -and. Ev¡anek trials althoqgh the 15

nolnd Kro treatnent prod-r:-ced. onLy a s¡c.alr uptake respcnse on the

Fregborn trial ana Aåcreased. uptalce on the Er,ranek trlal, On the
Foxon trial ühe 15,tå¿ 30 pound- äo0 trea.üments prod-uced. small pot-
asslun uptaåe responses a.lthou enín. high ya.ue or "pprication, 100
pound.s of iírO per acrer red.uceci. upta.keo
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Tabl-e 5

Potassíum Uptake by trùheat, Oats and Barley
at FinaL llarvest (L967>

Co-operator

. Treatment

N-P2o5-K2o(1)

0- 0 - 0

90- 30 0

90- 30 - 15D

90- 30 - 30D

90- 30 -1008

1.

2.

3.

4.

5.

Crop

6, 0-

7. 90 -

8. 90 -
9. 90 -

10. 90 -

1r-. o -
t2. 90 -
13. 90 -
t4. 90 -

15._ 90 -

16.' 90 -

35

Potassíum Uptake (lblac)
Peters Arthur Freeborn Foxon Ervan

l{heat

trrfheat

l^IheaË

I,Iheat

Inlheat

Oats

Oats

Oats

Oats

Oats

Barley

Barley

Barl-ey

Ba1Ley

¡ar1å.,,

Barley

0

30

30

30

30

0

0

15D

30D

1008

0

0

15D

30D

608

1008

L4.6

22.0

32.6

34 .8

39.6

11.6

L8.2

26.7

29.9

4r.3

?2.4

29.6

35 .5

4L.6

42.r

46.s

L5.2

L7 .6

21.8

25.O

28.4

8.4

7.8

L4,6

1_5 .0

l-6.8

L4.9

L4.6

2t.2

L9.6

19.1

26.O

0

30

30-
30

30' -
30

33.2

33. 6

33. 3

33. 3

40.4

27 .6

27.3

28.4

33.8

36.4

29.9

32.I

34.8

3s.2

39.8

36 .8

.*

24.5

/¡3.8

41..1

38.7

38.6

48.1

65.7

66.s

67 .6

64,5

15.6

46.0

40.1

40.5

41.1

31.2

68.5

54,6

76.2

82.9

D

B

(1)

KCl drflled Ín wíth the seed

KCL broadcast on the soíl surface

nutrients in pounds per acre

48.4 38.5

68. 3 79 .7

70.8 81.8

64.6 87.7

77 .9 93 .8

90.3 LAz.4



' l,'lith barley, pota.ssiurn appllcailon increa.sed. potassium

upüake on all trials except treatment 1þ on the Freeborn p1oü.

Maximun uptake t+as achleved rvith,the 100 pound. I(20 treat¡aent on

aII trials except the Freeborn which achieved raaxlmurn uptake in
response to the 60 pound. treatment.

Thus, lncreased. potassium'u3ltake ln response to potas-

sltun fertili zation can be er-oected. from oats a.nd- bayley grovrn on

solls having an exchangeable potassiun revel of u.p. to J41 ppn.

l,fheat, hot'Iever, rr111 probably not respond. to potassi-um fe-ti,1'iza-
tlon on solls wlth an avallable potassium level greater lcnan )U

Pp:tr. A possible e4planation for the dlfferlng uptake response

betrceen t{heat and. the other two cereals may be that the uptake of
potassiun per unit welght for wheat uas less than for oats and.

ba.rley.' The uptake of poiasslua per pound- of lvhea.t produced. v.ras

0.0087 pound.s, whereas for oats iü was 0.01L0 per pound of oats
produced., and. for barLey o.01oB pound.s per pound. of barley pro-

d.uced.,

Signlficant linear correlations , .05 level, were observed.

betrteen the anorrnt of pota.sslti:l taken up by l¡heat, oats and- barley
and the graln yleld.s at harvest (figures 1, z, a.nd j). The coTT€-

Lation coefflcienis trer€ 0.?1 , O.?L, a.nd. 0.91 respectively. Slml-
larily, signlficant llnear correlatlons trere obse:ived. belween the
aæount of potassiu¡n, tT"","up by these. Ëhree cereals and. their ioüal
yle3"ds. Th-e correlation coefficients ca.lculated. for these relatlon-

,,

shlps ¡Iere o.?L (wheat), 0.66 (oats), and 0.?B (barley).' Nelson (zg)
has reported that the uotake of potassium lncreases as barley and.

wheat yleld.s increase. Thus, the 196? d,ata tnd.lcates thai to a
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large exbent uptake of pota.ssiura by cerals is a fu:rction of cer-

ea1 yield..

The uptake d.ata a.Iso i,nd.icates !ha.t potassiun uptal<e by

wheat and. barley varles rvith the 1evel of a.vailable po'i;assium ln
the soil. Slgnlficant correlation coefficienüs, .OJ 1evel, tÍere

observed beüt'¡een the level of available potasslun and poiassiu.a

uptake by wheat, r=0.88, and- the level of avallable potasslum and.

uptake by barley, :=0,!4. Hor,reverr rlo significant relaùionshlp,
.0J Ievel, rv'as observed. betv¡een the level of avallable potassirun

and. potassiu.n uptake by oats, tFO.6l.

rhe ad.d.ition of nltrogen and phosphorous to ühe equiv-
al-ent of 90 pound.s of i:'I and. J0 pound.s of P2A5 per acre resulted ln
rather large increases 1n grain and. total- yield. for al1 ihree cer-
eals on all triaLs r¡ith only one exception; oat graln yield_s on Ëhe

ArËhur trial l{ere reduced. by t,he appli cation of nitrogen a.nd. phos-

phorous (tatle ll). Like'rise, the application of nitrogen and phos_

phorous resulted. in increa.sed. potassium uptaire by cerea.ls on the
Peters, Foxon, and. Ewanek üriaLs (table 5). The lncreases on the
Foxon and. Eç¡anek trials ï4rere Iarge. , 

probably thls lncrea.sed. potas-
slum uptalre lras d.ue to increa.sed, cereal þrowth in response to the
nltrogen and. phosphorous fertili zation. But; on the ArËhur and.

L,
ìa

Freeborrr trlals, poiassiun uptake by cereals was elther red.uced.,

unaffectèd., o"'lr.""uased. cnly sligtrtly, r,rhere ni-r,rogen ancl phos-
phorous fertillzers had. been applied..

To d-eüerrnlne the d.egree of relationship be-r,r,¡een nitrogen
and' potassiun uptake, linear correlatlon val-u-es Ïrere calculated. fo:r
the uptal<e of the ür¡o nutrients by ihe three cereals at flnal har-

;.
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vest. The uptalce of the truo nutrients r¡¡as observed. io be slgnifi-
cantly correla'bed., .0J level; -t=0.7? for irheat, o.?z for oa.ts, and.

O.90 for barley. Since potasslrm uptalce was significa.ntly coruelated.

rvith cereal yield-s a"nd. nitrogen uptake was significantly correlated.
with potassiu.:l uptake, one can posi;uIate the.t if nitrogen r,ras a

linlting factor then a response to poia.ssiu-m fertili za.E1on nlght not
maüerialize. If so, this r¡rou1d. be especially true of soils already
high in available potasslun because there night not be sufficienü
ad.ditional nitrogen to bring about a response in groni;h if potassium
were add.ed..

Resulis lshlch lnd.icate thta.i calclum and raagnesiu,n affect
potasslur,r upta.ke and. therefore ihe gronth of plants have been

reported-. l'lorlcers (30, 31) noted. that corn grolrn on high line soils
in Iolva and. Ì'lisconsin exhibited- poor grorvth and. poüassirui¡ d.eflclency
symptons, although the soils had. 140 to 200 pounds of exchangeable
potasslum per acre. Their conclusion r{as tk-¡a.t the poor corn gror'th
was d-ue to the plantst fallure to al¡sorb ad.equaie a¡nounts of potas-.
sit¡n because of an unfavora.ble balance of caüions both rvithin the
plant and- the soil. Potassiun fertill zati.on increased. potassiuin

uptake thereby ad.justing the proportion of ca, l,ig, and. K 1n the
p3-ant so that a more fa'¿orable cailon balance r¡as .attained. other
workers (32, 38, 42) have repoz'ted simiLar observations and. conclu-
slons. , \ 

-

To ascertain lvhether the Ca/tt and. Ca+i..lg/K rai;ios in the
sol'l had. affected. potassium uptal<e and. cereal ylelds on the trlals
of thls experinent, Iinear corcelatlon values were calculated. (ta¡le
?'). l'Jiih rvheat, slgnlficarrt negaiive llnear correlatlon coefficienüs,
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Co-operator

Table 6

llitrogen Uptake b¡r l.theat,
Fínal Harvest

Treatment

N-P205-rro(1)

1. 0- 0 - o

2. 90- 30 0

3. 90 - 30 - t_5D

4. 90 - 30 3oD

5. 90 - 30 - 1008

Crop

Oats and Barl_ey at
(L967)

6. 0-

7, 90 -

B. 90 -
9. 90 -
10. 90 -

11. 0 -

L2. 90 -
13. 90 -

14. 90 -
15. 90 -
16. 90 -

Wheat

llheat

I.'Iheat

T"lheat

Iùheat

Oats

Oats

Oats

Oats

Oats

Barl-ey

Barley

Bârley

,Ba¡.ler

Barley

Barley

&o-

0-
30

30

30

30

Nitrogen Uptake (lb/ac)
Arthur Freebor

0

0

15D

30D

1008

0

0

15D

30D

'- 608

1008

D

29.3 33.2

49,.5 48.6

69.8 52.3

65.6 52.5

59.5 s3.3

Foxon

0

30

30

30-

30

to

53. B 42 .6

66 .9 7s. B

62,9 7 3.7

64. B 66 ,7

64,5 68.4

23.8

53.1

59 .8

60.7

s6 .9

38 .1

73.t

74.2

69.0

65.7

61.0

nek

L9.4

25.7

40. L

3L.7

29.3

31 .9

51.6

61.9

51.8

51.3

55.4

24.8

74.7

53.9

53.3

63.5

27.0

52.2

52.3

52.2

65.s

29.9

83.6

79.0

80.0

87.1

80 .;

42.2

47 .6

50.6

5L.7

55.7

50.2

62.8

66 .8

'65.5

60.2

60.5

45,7

66.2

63.7

65. B

6L.6

45 .8

77 .5

76.s

74.6

83.4

86.1

B

(1)

KCl drÍlled in r.ríth the seed

KCl broadcast on the soÍl surface_ -ì

nutrfents ln pounds per acre



.0J level, ÏIef'e observed. between the Ca./I', ratio and- gtz1n yield-s;

r=-0.89, the Ca.+,'Ig/rí ratio and. grain ylel-d-s; z=-0.91, and- lhe

Ca+î}g/Ii ratio anð- tot,aI yleLì1s t r=-0,)J. These correlation resuLts

suggest that the Ca/t' and. Ca*ì'!g/n ra.Eios in the so¡1- d.o have sone

bea.ring on v¡heat gror.rtir, apparently the lo,¡¡er the ratios, the higher

the ylelcls. The coruela.tioir resu-l-ts for oats a.lso su-ggested. that

the Ce./K and. Ca+it,g/if ra.i,Lo in the soll a.ffect yielcì-s a.nd. poïa.ssir¡:n

upta.ke. Signifi canE negative linear correla.tion coefficien-r,s , ,OJ

level, were calculated. betr,¡een the Ca/'rf- ratio and. potassiu¡o uplake

by oats ; ç-0.99, the 
"ua:;,r,g/IÇ. 

ratio a.ncl iota.l oa.t yield.; r=-0.)6,

and- the Ca+i:tg/ii ra.tio and. pota.ssiun upta.lte by oats; r=-0.99. Sinl-
Ia.rly, correlation resulüs strongly lnd-icate Eina.E barley gronih is
affected- by the Ca/t; and- Ca*i'ig/ii ratios 1n ihe soil, beca.u.se si6ni-
ficant negative correla-r,ion coefficients vlere calculated. betrteen

Erre Ca./K ratio and. grain yield.s i t=-A,)), total yie}d.; r=-0.99, ancL

potasslura uptake; y=-0.)2, and-, betr¡een the Ca*itg/lt ratio a:td. graln

yieLd.; y--Q.)1, toial yleld-; r=-0.98, and. potassiu.:l uptake i ç-0,)).

4r

ffu*tven¡;
@é,"i@

e¡f À4..0.ie'iil.r8¿$,

(lnn,r,n\ç."t



Table 7

Línear Correlatíon Values (r) betr.reen
f.n the Soil at Plantfng Time and Graín

and Potassium Uptake by the Cereals at
¡

CalK
CalK
CalK
Ca+ì'fg/K
Ca*MglK
Ca+Mg/K

ratio
ratio
ratio
ratÍo
ratio
raËÍo

calK
CalK
calr
Ca+Mg/K
Ca+Mg/K
Ca+Mg/K

vs.
vs.
vs.
vs.
vs.
vs.

Ca/x, Ca+ttglK Rarios
Yíelds, Total Yields

FÍnal Harvest. (1967)

ï,{heat

ratio
ratio
ratio
ratLo
ratio
ratio

grain yield
toÈal yieLd
potassium uptake
graLn yield
total yÍeld
potassíum uptake

trz

CalK
calK
CalK
Ca+l'fg/K
Ca+Mg/K
Ca+Mg/K

vs.
vs.
vs.
vs.
vs.
vs.

-* - "!2-)----*'-(Ð

ratfo
ratio
ratio
ratio
ratio
ratÍo

(1)

(2>

(3)

Oats

gral.n yield
toËal yfeld
potassíurn uptake
graln yield
total yield
potassium uptake

3 -o.eg(l)
2 -0.952 -0.90
3 _0.e1(1)
2 -0.ss(1)2 -0.90

vs.
vs.
vs..
vs.
vs.
vs.

-_-B.gtle:-_ 
_

significant correlatlon at the .05 level.

Peters' trial not included r¿here n=2 (n
is the number of degrees of freedom).

r values are for 90-30-0 treatment.

grain yield
toLal yield
potassium uptake
grain yield
total yield
potassium uptake

3
2
2
3
2
2

ro.75
-0.95
-0.99
-0.74
-0. e6 (1)
-0. gs (1)

,3
3
2
3
3
2

-0.e3(1)
-o.gg(1)
-6. ee (1)

-0. gz (1)
-0. e8 (1)
-0. ee (1)



tn L968 a field experinent slnilar to tine Lg6? field
experiment nas conducted to suoplenent t]ne 196? rebults. l4ore

exp1lcitly, the expe.riment r¡as cond.ucted. to d-etesnine if coü.par-

able results could- be obtained. v.rithin the sea.sona.l variations of
üwo grorrling years. Hence, this experi.ment r+as also cond.ucted. on

ca.lca.reous soils which ranged. fro¡r very lovr üo verJ,' high ln exchan-

gea.ble potassirr:n .

I\T 1968 F'TELD ÐXPERII.TE¡]T

"4.

1.

OBJÍCTTVES:

To deternlnb trre eff ect of potassiu:n fertili z,ation on yield.s

and poüassiun u-ptake of cereals grorrn on ca.l careou-s soils
r,¡lth varlous exchangeable potassiu:n 1eve1s. Furtheruore, to
relate the results of the experinent to existing soir iest
recommendations r,rith the objective of conf.irnin8 or inproving
present poiassiun recomaend.atlons for the grovrth of wheat,

oats and. barley on câlcâreous solls.

To study the effect of potassium fertllizatlon on potassiun

concentraüion, potasslum uptake, and- yierd of prant matter,
aE early stages of eereal gror,,rth on solls with varlou.s

levels of exchangeable potassiua.

2.

3. To d.eternlne the effect of the exchangeable Ca/l{.. ratlo of
the soil at. seed.lng on cereal yleld.s and. potassium uptake by

cereals.



l+, 1o. ascertain 1f there ls a relationship beùr¡reen nltz'ogen and.

potassium uptake by cerealsr

IIIATERIALS Ar.iÐ },Ï5-I'Ì-IODS :IlÐa

So!1S: Five field- trials r.rere located. on ca.Ice.reous soils. The

exchangeable potassiu:n leveL of these soils va.ried. fron 30 to 4t¿l

ppm. Three Plu¡n Bid-ge soils (33) , located. north-ea.sï of Teu-Ion,

one Plne Rid.ge soil (fO¡, loca.ted. sou-th of ViÈa., and. one i.larquette

soll (fO¡, locaied. north of Sionewa.ll, were u-sed. Table I lisüs
sone of the citarac*e::isüics of the soils.

Exper:þente.l -Des i.qn :

Irere in a rand.omized

and. crops gror^m.

Froce{ure: The trial-s }rere planted. in the third- week o-.f i'îay. The

seed-, a.nd- a.ny ferlilizer a.d.d.ed. r'¡ith the seed., r.¡as d.rilled. in l¡1th a

sJ.x row self-propel1ed. seed.er of the V-belt d.esign. Each lnd.ivid.ua1

plot was 6 roi*-s 1n wld.th (42 inches) and. thlrüy feet in length.

All treatments received. the equivalent of 90 pou.nd.s of

nltrogen and. J0 pou.nd.s o, lr}S per acre. The nitrogen i,¡as broad.ce.st

over the soil surf ace ln the form of i'lH4NO, (33.5-O-O) . The phos-

phorous, applied. as ì,îH,nHzPOb (fr-&a-o¡, was d.rilIed. in r¡¡1th the

seed..

TreatmenLs 2, J, 6,7, 10, 11, L2, and. 1þ received. potas-

slum ln the for¡n of i(Cl d.rlIled. in with the seed.. On treatments ll,

B, L3, and 15, iiCl was broa.d.cast over the soil surface.

i{aniüou v¡heat v¡as grorrn in treatnents 1 üo 4, Rod.ney oats

tl"I+

The trials consisted- of s1x replicates a.nd-

b1oclç clesign. Table 10 lists the iree.tments



Co-operator

Sofl AssocÍatíon

K (pp*)

Ca (meq/100e)

calx natio (2)

t'tg (meq/1.00g)

ca+î'lg/K nario (3)

Conrluctívity (mmhos/crn)

Pll

Texture

Percent CaCO,

P (pp¡n)
(NaHCOo extractable)

J

Tabl-e I

CharacteristÍcs of the SoÍls Used Ín the 1968
Fielcl ExperÍment

ÞP!]L-Gn)-

Eliuk Klel_ Persopçç persoTgç Evranek
northtr/ east(r)

Pine RÍdge Plum Ríclge Plum Ridge pl-um Ridge Marquette

6 30 83 :-:O2 L26 
" 

4L4

6 2L.8 1_9 , 5 24 .3 24 .5 28.4

6 284 92 93 76 27

6 5.5 4.4 3.9 5.2 5.7

6 3ss 113 108 91 32

6 0,6 0,2 0.3 0.3 0.4

6 8.0 8.3 8.2 8.3 7.8

F.S.L. V.F.S.C.L. V.F.S.C.L. V.F.S,C.L. C.

6 6.8 1t-.3 LL.z 10.3 7.7
L2 L4 .5 23.6 24 .O 18. 6 20 .4

6 3.g 4,L 4.g Lo.z 7.4
L2 7 .L 0.9 0.9 L .5 2.0

/a

0-
0-

0-

0-

0-

0-

0-

45

Ca, l"fg and K --- afltmonÍum acetate extractable

(1)

(2)

0-
6-
0-
6-

Location of

Ca/K Ratío =

(3) Ca+Mg/K Rario

test on co-operatorts land

rneq .Ca/l-O0e of soil-
neq K/100g of soil

meq Ca*I'le lL}Oe of soil
meq K/l-00g of soil



Tabl-e 9

Yíe1-d, PoËassium Uptake and the Percent Potassium in the
Barley Plant MaËter Sampled at L4 Days of Growth (1968)

YieLd (lblac)
(¡a C)Osr¡ è¡^

Rrñ¡
o.E ovF{ ø +J (r) +J

O!¡¡l{ol.Fl OO (l)(Ú
M Þ{Ë Prc¡

Potasslum Uptake (]-b/ac)
OaO
ò¡)(\¡ 60/\(gv t¡ cr¡ å¿

-y o ,c ov 0,1-i Fl øÐ O+¡ Ê.rlq,þL{lrØfü
F{ Fl 0jO 0J$ Þ
f¡l V A¡ É Þ{O f¡¡

Percent PoËassfum

Co-operator

j¿
jFr
.r'{ O
Fl .r{
f¡¡ V

o
Ê
(ú

lrl
.rl
Ft

q'^ o
òñ¡ èlì^(Úxt dN ,¡¿o,c ov q,
O+J Ø+J É¡rþ þo fü(¡)0 q)d B
Êr É P{ O, f!ì

TreatmenË

. N-PzO5-rrO(1)

9.90- 30 0

10. 90 - 30 15D

11. 90 - 30 30D

L2. 90 - 30 60D

13. 90 - 30 608

].4, 90 - 30 - l-00Ð

l-5. 90 - 30 - L00B

18.7 37.s

34.7 4L.L

4L.L 43.9

38.4 55.3

29 .7 48.0

43.9 47.s

33.8 '4L.6

27.4 72.2

34.7 78. 1

32.0 64.A

30.2 53.9

39.3 73.6

20.6 4L.L

38.8 67.6

0.1 1.0

0.6' r.7

0.8 2.0

1.0 3.0

o.4 1.4

1.1 
, 
r,' 

,

0.5 r:3

2.8. 2.2

3.1- 3.2

3.6 2.7

3.0 2,.6

2,6 2.O

2.6 2.2

2.7 2.L

0.6 2.7

1. 6 4.2

2.O 4.6

2.5 5.4

1-.3 3.0

2.6 5.7

1.5 ' 3.1

3. 3 3.9 4.9

4,5 4.O 6.0

5.4 5,6 4.9

5.7 5.6 6.2

3. g 3.5 s.l-

5.6 5.1 6.2

4,2 4.0 .5,4

44.3

s3.5

54. I

4l-. I

38. B

34.7

37.9

0.9

L.6

L.7

L.7

1.3

.Lr2

1.6

D

B

(1)

(2)

KCI- drilIed in nÍth the seed

KCI- broadcast on the soíl surface

nutrients ín pounds per acre

'locatfon of test on co-operatorts land

{-
o\



ln treatments 5 to 8, and. Conquest barley in treatments 9 to !5.
During the early part of the growing season sarnples were

taken as follows i àt 14 days of grorrrt tt a three foot portion from

each of the tr¡o central rolvs of each barley plot of the J trials
was harvested.. At 2l and- 28 d.ays of grovrth all three cereals were

sanpled, a three foot portion being harvested- froro each of the tlr,o

central rovis of each plot. of the.five trlals, The harvested. plant
material from each ind.ividual treatment of the six repllcates v¡as

bulked. The butked- ma.terial lvas then air d.ried.r. r.,reighed, ground. 1n

a r¡Ji1ey n111 and. analyzeð. for potasslurn content.

!trhen the plants were mature, a 10 fooi poz.tion fro¡ each

of the two central rotrs v¡as ha.rvested in every plot of the flve
trials. the harvested. naterial vras Cried., welghed., and threshed..

After threshing, the grain from ea.ch ind-ivid.ual treatment of the
six rep}lcates rrras weigne¿, bu-lked., ground. Ln a tfiley nl1l and, ana-,

Lyzed. for potassium and. nltrogen contenb. The straw r.¡as hand.led. 1n

a slnllar fashlon.

4Z

c.

Results of ühe barley sanpling at 1l+ d.ays of growüh (table
g), lndlcated. that the application of potassium fertlIl zer Eo soils
havlng an exchangeable potasslum level of 102 ppn or less enhanced.

grovrth, poüassiun uptake, and ihe conceniration of potasslu¡r ln the
barl-ey plants. on the Eliuk tria.l, every po'tassiun treatment increa-
sed. growth consld-era.bly; the 1,00 pound KZO d.rllIed. 1n treatment pro-
d'uced- me.ximun yieId., potasslum uptake, and concentration of potas-
slun in the plant. Every potassiun treatnent lncreased. grolvth on the .

BESULTS A}TD DTSCUSSION:



Kiel trial also, with the 60 nound. KrO d.rilled. in treatment showing

the la.rgest yield. and. potassium uptake responses and. the 100 pound.

KoO d.rlIled. 1n treatnent showing the largest concentration of potas-L

slun in the pla.nt matter. Every treatment but one, the 100 pound.

K..,O d.rilled. in trea-tment, increased. yield-s on the Persoage nor-t,h/.

trial, the largest response being to the r00 pound Kzo broad-ca.st

trea.tment. Also on the Persoa.ge north trial, potassiun uptake, and,

ln all bu-t one case, the potassium concentratlon in ihe planü matter,
was lncreased. ¡¡ith potassiun fertilizatlon. (lhe 60 pounð" y,ZO broad.-

cast trea.tnenü d.id. not aLter the poüassiu¡a concentration ln the
plants). 0n the ?ersoa.ge east and. Swaneic trlals, exchangeabLe potas-

sium 1eve1s of 1.26 and. &1þ ppna respectively, the 1J pound. tío1 treat-
4

ment prod.uced. an increase in barley plant matter. yield-. Hor.rever, the
other pota.ssirim treatmenùs, except treatment 13 on the Persoage east

trial and treatnent 11 on the Su¡anek trial, Têsulted. in decreased.

plant natter yield.s at I4 d-ays of gror,rËh. Potassirrn uptake and- the
percent potassium in the barley plant ¡aatter either increased- or

.1zer r'ías appl tr,¡oremained- unaltered. when pota;ssium fertillzer r'ras applied. to these

trials. Overall, ühe potassiuro concentralh.on in the barley plants at
1,l d.ays of growth was signifioantly correlated., .05 leve1, rvith the
flnal barley yleld.s, r=0.50, althou.gh the correlatlon coefficienü r.¡as

small.

t!8

Results of
(taUle IO) ind.icated-

fertLLLzey increased.

concentration in the

assium trea-t¡aent consid.erably lncreased. grol,rth, potassium upta.ke,

the barley sanpling a.t 21 days of gro'*th

th,at ln most cases the appllcation of potassium

yieLd-s, pota-ssir.m uptake, a-nd. the poüassj-un

barley planüs. On the Elluk tria.l, everJ¡ pot-



TabLe 10

Yleld, Potassium Uptake and Èhe Percent Potassfrxn in the
Plant MatËer Sampled at 2! Days of GrowËh (l-968)

Yield I ac) Potassium Percent Potassiun
(la Oôt\¡ ò0-(dv dõt 3o,c ov c'l(n+J u¡J ÊHþ ¡{sJ ¡6OO OQ ÈÊ{ÉF¡Of¡]

EFI.r{ 0,
Fl .rltrlv

q)
Ë
(d

f¡.]

(lb/ae)
c)
ò¿r
dc\Ov
CD +J${o
od
ÊrO

J¿5F{.r{ C)
F{ .F{

fri }l

Uptake
Oa
ö{c\:(0v
otg)¡J
f{ f'tooÊ'Ê

o
Ê
(ú

Êl

(lb
0)aot\(dv
ot
(,1 +J
l.t t{ooÀÊ

.l|r
5F{.F.t C¡

Fl .r{
f¡l M

I,Iheat

Treatment
N-P2O5-rrO(1)

l_.
2.
3.
4.

90-
90-
90-
90-

0
15D
30D

1008

37.5
114.3
129. B

115.2

LO7.g
119.4
L28.4
1_12.0

62.2
65.4
53.0
60.3

2.5
3.1
2.3
2..5

2.O
rlt

2.9
2.6

7.L
6.3
6.4
7.0

0.5
3.4
3.6
3.8

30
30-
30
30

54.8 L23.4
53.5 t-t_.O.6
65.4 112.0
59.4 L22.9

0.2 4.3
QO qo
J' ) J. J

4.7 6.4
4.1¡ 4.8

4.0 4.0
5.0 4.7
5.0 4.3
l+.3 4.2

3.7 5.8
4.6 5.7
4.5 5.7
4.3 5.7

Oats

5.
6.
7.
B.

90-
90-
90-
90-

0
15D
30t)

1008

50.3
55. 3
55. B

64.0

43.4
40.2
39. 3
54.8

83.6
91. 3
75.9
85. 5

0.2
2.0
2.3
2.6

2.4
3.1
3.5,,o

2.L
?o
3.2
2.8

2.O
,t
2.3
2.4

5.0
5.2
4.9
5.3

0.7
to
3.6
3.7

3.5
5.3
5.5
4.0

4.L
5.3
5.8
4.3

30
30
30
30

30.6 67.2
69.9 59.0
64.0 63.L
69.5 7r.3

4.5 6.0
5.4 6.4
s. B 6.4
4.3 6.2

Barley

o

10.
11.
L2.
13.
L4.
15.

90-
90-
90-
90-
90-
90-
90-

30
30
30
30;
30
30
30

0
15D
30D
60D
608

100D
1008

33.4
L47.2
163.1
164.L
L44.O
133.9
136. 6

L34.4
L47 .6
L24.8
116.1
L47.6
LT4.3
1_45.3

0.2
3.2
6.0
o.t

3.5
A')
4.2

7.5
9.0
7.5
7,2
8.9
7.2
7.8

0.6
2.2
3.7
5.0
2.4
4.6
3.1

4.3
5.4
4.4
(o
4.6
(o
4.4

J.0
4.7
4.8
5.0
3.7
5.4
4.5

143.0 82.3 160.9
186.5 117.0 205.7
l_55.4 l-11_.1 242.2
L52.6 109.8 216.2
170.5 L24.8 2L5.2
L34.4 82.7 L47.2
L37.6 110.L L73.7

6.2 3.1 6.3
10. 1_ 5. 5 '9. 6
6.8 5.3 11.1
9.0 5.4 8.7
7.8 4.6 9.4
7.9 4.5 7.8
6.1 5.0 7.5

3.9 5. 6
4.2 6.L
4.6 6.0
4.0 6.2
3. 9 6.0
5.3 6.3
4.3 5.4

\oKCt drÍLled Ln r¡ith the seed
KCL broadcast on the soÍl surface
nutrfent fn pounds per acre
location of test on co-operatorts land



and- pote.ssiun concentration j-n the ba.rley plants, the naximum growthr.

potassiu,rn uptake, and. potassiu-n concentration, being produoed. by the

60 pouna K2-ô drilled. in treatm.ent. Hor¡ever, àþ this stage, the 30

pound. K2O treatnent was optimu-nn v¡iüh regard. to yield.. On the Klel
'trial, all treatroent.s lncreased. groi.rth with the exception of the 100

pound. .Yr2O d.rilled. in and. broad-cast treatrqents, which red.uced. growth.

The 15 pound. ti2o treaiment produced. naxl¡aun yield.. Potassiun uptaJ<e

by barley grown on t-Lre Kiel tr1al wa.s lncreased. i+ith every potasslrrra

treatment except the 100 pound K2O broad.cast treaünent l.rkrich d.id.. not
alüer uptake. Potasslu-n concentration ln the barley planb matter
lncreased. rvlth the 15 pound., the 60 pound. and. the 100 pound. ¿rilled.
ln treatments; the oüher potasslu¡ treatrqents d.id. not alter potas-
siu,n concentration. On the Persoage east a.nd Persoage north trials
potassiuLa f erüi1i zaEion increa.sed- both poüassiun upËake and. yleld..
(There tras one exception, the 100 pound. K2O d-r1l1ed. in treatment d-id.

not alter yleld.). l,Taxlmun yield on the persoage north trial r.¡as

obtained. r'¡ith the 60 pound. KrO broad.cast treatment; on the persoage

east trial ¡aaximun yleld. vras obialned. v¡it,h the J0 pound. K2O treat-
ment. For these two trlals the potasslr.¡-¡a concentration was either
lncreased. or not alteäed. rvhen potasslun fertilizer tre.s app1led.. On

the Euranek trlal, ühe_ lJ pound., the 60 pound., and. the 100 pound. K2o

broa.d.cast treatnents increa.sed yleld. wiüh the 15 pound. K2o treat;
¡nent being optimum. the oiher ühree treatments red.uced. yield.. Hor¡-

ever'' potassluu fertilizatlon d.1d lncrease potassiq¡a concentratlon
(except for the 100 pou-nd. broad.cast treatment whleh did. not.alter
potassf-u-a concentratlon) and. potassirim uptake. Final barley yield.s
were not found. Ëo correlate slgnlficantLy, .OJ leve1, r,rlth percent

5o



a

potassium ln the barley plants at 2l d.ays of gror+th, rO.ZJ.
ResuLts of the vrheat sa.npling at 2I c1a.ys of gronth (tabte

10) ind-icated. tlnat potassiura fertil-ization increased. yield.s, poüas-

slurn uptake, and. the concentration of potassiu.m in the pla.nls on

so1ls with an exchangeable potassiurn 1eve1 .of 83 ppn or Iess. on

the Klel and. Eliuk trials every potassiun treatinent prod.uced. a res-
ponse in yie1d., potasslun uptake, and. potassiren concentration ln
the plant natter; the J0 pound KrO treabnrent belng optinum with regard.
toyie1d.onthesett+otria1s.Ontheotherthreetr1a1spotass1un
fertiLJzaíion prod.uced fev,rer positlve responses ln yield., uptalre, an¿

concentra-t,ion. Only three treatments prod.uced a response in yield. on

these three trlals, the lJ pound FirO treata.ent on the persoage north
triaÌ, and- the l0 and. 100 pound KZO treatments on the Persoage east
trial. The other potassiurn treatnents, except ühe 100 pound. Kro
treatment on the Er¡ianek trial which did. not alter-y1eId, red.Lr.ced yield
at thls stage of grolth. On the Persoage east trlal potassirin upËake

lncTeased. wlth every potassiuin treatment. On the Persoage north trlal
t'he 15 pound. I(rO treatment increased. uptake while the J0 and 100 pound.

KrO .treatnents d.id not alter potassi-ulr uptake. On the Ewa.nek trlal,

ir
JL

potassiun uptake d.ecreased.'¡lth the 15 and. J0 pound. Kro trea.tnents,
and' was not altered. by the 100 pound. KZO treatnent. On the two per-
soage tria.ls potasslun concentration lncreased. v¡ith the a.pplicatlon of
pota.s-<iun fertllizer, l'Ihlle, c:: the :a,.¡anelc +,ria.t, potassirin coneenixa.-

tlon was not altered. r'¡ith the appl Lcatlon of potassirra fertlli zê.-,t

0vera11, rlo slgnlflcant correration coefflclent, .05 level, was

observed. between potasslun concentration in the wheat plant at this
stage of grorrfh and. final wheat yield.s , r=lA.JZ.



ResuJ-ts oi the oat sanpling at ?I cì.ays of grolrih (ta¡le
10) inciicated. that potassir;u. ferblLi zalion hað- a r.rore consistenüIy
positive effect on uptak e anô- cohcentratlon Lha.n on yiel d. On the
EliuÌ a.ud. Persoa.Be 'north tria.l s every poiassiurn tree.tnent prod-u.ced-

a yield. response. But; on the liiel, Persoa.ge east, and. ltra-neli tria.ls,
only the 100 Pound- KrO treatnent lncrease ð- oat Íielcl-; ühe other pot-
assiu-n treatnents red.uced. yield-s aü this stage of gror+th. Pobassium

feriilize.tjon increasecl pote.sslura uptake on every trial, the only
exception beingl the J0 pou.nd. KrO rteatrnent on lhe S¡râ.n€k trial. Pot-
assiruo f eriili zati on also increasecl potassiu:n concen'brai;ion in the
plant natier on all trials, t'rith oire exception, the l0O pouncl I{ZO

trea.iinent on ihe lersoage ea.st trial. Flo',.rever, the cogelation coef-
ficient, r'=0.41, bett¡een potassiu:ir concentre.þion at thls si;a.ge of
gro';ith e.nd. flna.l ¡,ie1-d-s ,rta.s non-si-gnificant at the .0J 1eve1.

Besults oí the barley sa.ro.oling at 28 cj-e.ys of grorrith (ta.Ule

11) ind.iee.ted that in nost câses potassiu-,n fert,iLi.zetion procluced-

lncrea.sed yielC.s, pota.ssilr¡r u.ptal<e, a.nd. pota.ssiun concentra.tion in
the pla.nt ma.tter. On the 5l-iuk ancl Ïh,,ranek tria'ts, every potassiu:n

trea.tmeni increaseci yieLd.. Yield-s r{ere al-so increased lrith all but "

tl"ro potassiu.n treatments on the Kiel trlal-; tz'ea.tnents Ll and t5
red.u-ced. i¡ie1cLs. Sinilarly, on the'Persoage north trial yieLd.s .ürere

l-ncrea.sed r'¡ith e.lL bu.t trrro potassiu¡r treatroents; treatrnents Lj a.nð- L4

reiduced. ¡iielcl-s. On tÌré Fersoage east +uTiaL three potassirrm treat-
ments; ihe 15, ihe 30, and. the 60 pound. Kro broacrcast tree.tments,

lncrea.sed yield-s. F:o,¡¡ever, the 60 pound Kro d-rilred in e.nd- the 100
potrnd- I(^o d-riLled- in treatnents red.uced- ylel-d.s, lr,hile the 100 oonnd.¿,

K20 b"o"Ceast treatnent dj-d. not alter ]¡ie1d.s. pota.ssil-r:n upialce
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Table 11

Yfeld, fot"""fum Uptake and the percent potasslum in the
PLant MatËer Sampled at 28 Days of Grovrrh (1968)
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Trtreat

Treatment
N-P2os-K2O(1)

1.
2.
3.
4.

90-
90-
90-
90-

0
15D
30D

1008

30
30
30
30

59.9 3L4.4
290.7 .266.9

363.3 287.9
265.L 299.3

L47.2 160.4
188.3 22L.2
169 .! 160.4
L94.2 r79.6

0. 6 13.8
7.6 Lz.g

L2.7 LI+.4
r_0. 9 13. 9

240.4
267.3
tt) 1

272.8

5.3
8.1
7.3
8.4

6.6
9.7
8.0
8.1

]-2.o
1_4.7
L2.O
L4.2

l_.0 4.4 3.6 4.L 5.0
2.6 4.8 4.3 4.4 5.5
3.5 5.0 4.3 . 5.0 5.4
4.L 4.8 4.3 4.5 5.2

Oats

5.
6.
7.
B.

0.7
5.L
5.4
8.2

5.5
7.8
7.6
7 .1"

5.5
5.9
5.9
5.9

90-
90-
90-
90-

0
15D
30D

1_008

6.9
o?

l_0.6
LT.7

qo
7.5

10.9
8.5

12.I
l-0.9
10.9
L2.9

30
30
30i
30

92.3 1.34.4 Lg7.O
230.3 L52,2 188.7
L74.6 139.8 2L7.L
2L5.2 L42.6 249 .1_

L32.1 220.3
L39.4 l_85.5
L94.7 185.5
159.5 2L8.0

0.8 4.L 3.5 4.5
2.2 5.1 4.9 5.4
3.1 5.4 4.9 5.6
3.8 5.0 4 .7 5. 3

BarIey

.o
10.
11 .
L2.
13.
1"4.
l_5.

30
30
30
30
30
30
30

0
15D
30D
60D
608

100D
1008

0.4
8.0

L2.2
2?.7
L4.5
22.3
18.4

2L.L
27.0
?_3.3
36. 3
24.7
30.5
t1 ?

12.6
17.1
L6.3
L8.7
8.1

L3.0
15.l_

90-
90-
90-
90-
90-
90-
90-

62.2 527.4
446.0 627.5
393.9 466.6
539.3 660.4
415.0 

"61_1. 0420.O 554. B

46I.L t+73.9

339.6 5L9.2
380.7 591.8
353. 7 566 .7
365.6 503.2
202.9 570.8
254.r 446.5
351.0 5L6.4

0.7 4.0 3.7
1.8 4.3 4.5
3.1 5.0 4.6
4.2 5. 5 5.1
3.5 4.0 4 .0
5.3 5.5 5.1
4.0 4.5 4.3

3. 3 4.7
3.9 5.0
4.8 5. r-

.5.1 5.4
4.L 5.0
5. 1 5.4
4.6 5.2

287.9
351.0
354.6
299.3
330.1
3L2.L
337.3

17.L
23.L
27.2
25.7
23. ¿+.

22.8
23.8

13. s
L7.6
LB. I
L6.2
l_6.5
l_6.9
L7.5

:

\^i
\J1D

B

(1)
(2)

KCI drllled in r.riËh the seed
KCl broadeast on the so1l surface
nutrients in pounds per aere
l-ocation of test on coroperatorts land



respond.ed. to potasslun treatnents on al-l flve trials, âs did. the pot-
asslum concentration in the plant matter. The only exception was the
60 pound. K20 broad.cast treatment on the Kiel. trial which d.id not
affect the potassium concentration in the p1a.nt matüer. l,loreover, a
slgnificant-, .05 }evel, correlation coefficlent, ro.O.??, was observed_

between the pota.ssiun concentration 1n bhe barley.plants aË 28 d.ays

of growth and. final barley yleld-s.

The resulÈs of the wheat sanpling at zB d.ays of growüh

(tab1e 11) in¿icated somelvhat erratlc yield. responses to potassiuia

fertllization, although upta.ke and. concenüra.tion responses were quite
consistently positive. On the Eliuk trial potassir.i,n fertlli zalLon
prod.uced. a yield. response. However, on the iiiel trlal, potassium fer-
ttllzabion red.uced. wheaü yield.s at this stage of growth. 0n the other
three trials potassiun fertill zation increased. v¡heat yleld.s, except
for the J0 pound. K2O treaiment rvhichr orr the Persoage east trial, d.1d.

not alter yield. and., on the Ewanek tr1aI, .red.uced yleld" potassit¡n

uptake was lncreased by the applicaiion of potasslrm fertilizer on all

5t+

five trlals l,ilth only

treatment on the Kiel
treatnent on the i(lel-

pound KrO treatment on

Furthernore, potassiun fertil lzation increasecl potassium conceniratlon
ln the plant raatter on aLl- fj-ve triais. Howeverr rlo slgnlficartt, .05
level, correlation coefflcienü, ï=0.38, r¡as observed betv¡een the pot-
assit¡l concentra.ülon at 28 d.ays of gror,rth and. flnal r¡heat yields.

The results of the oat sanpling at 28 d.ays (table 11) lnd.i-
cated- that potassiun fertilization lncreased. yieLd.s on soils wlth an

three exceptions" These were the 15 pound. KrO

trlal which red.uced_ uptake; the 100 pound. KzO

trial which d.id. not âffect upta.ke, and., the 30

the û¡¡anek trlal which d.id. not affect uptake.



excha.nEea.ble potassir:¡r level- of LZ6 ppn or l-ess. The only exception
i',ia.s the 15 pound. Kro trea.tnent on the persoa.ge norih tyiel uhich
redu-ced- oat yleId.s. On the Er^ranek üz.ia.l r,¡hich ha,d. an exchangea.b't e

potassiu-n leve] of þfþ pÞn, yielcl-s Ì.íere consÌ stenily redu-ced by the
applica.tion of pota.,ssiu-rn fertilizer. Potassiul uptake also incre¿sed.

when pote-,ssiu-ln feriilLzet r'ras a.pplied- to soils rclth a.n exchangeable

potassiu-n leve1 of L26 ppn oï' less. Interes?ingly, on the .Ðr^¡anelç

triaL, potassir::n i¡.n¡u.]re r.¡as redr-r-ced uitÌr the 15 and.30 i¡ound ir"ro

ireatrnents brit slightly lncreased. with the 100 pound- KrO t::eatrnent.
I

The pota.sslu-n concentration in the plant na.tier increascd. on a1I five
trla.ls r'¡1th the applicatlon of pota.ssiu-¡r fertilizer.. A significa.nt,
,0J level , corz.eletio- coefficient, r=0,62, r,,ias observed. betrr-een pot-
a-ssium concentre.LLon al 28 d-ays a,nd. flna1 oat ylerds.

The pota.ssir¡-n recoËuiend-ation for cerea.ls (4) on the soil
of tl'le Ellulc tria.l .,¡as 30 pound.s of l"-0 per acre, and- on the so1l of
Ï'rl-.el ürial 15 porr:ncl-s of itr} per *"r".' The recoruend.ecl ,rneÈvhocL of
eppLlcation ',ta.s to d-r111 the pota.ssLu;.n in l¡i-th the seecl. Therefore,
on these solls, a tuheat, oat, a.nd barley gra.in response to'oota.ssiu:a
fertilizer r,ras eroected..

On the Eliulc tyial*, there ,ur." " sig:riflc ant, .0J leve.t,-)
grain and- toüal ;rieLd- response b¡r lihea.t, oats, and- barle;r (tabLe 1¡z)

to every -ooi;assiun trea.tment, Bu-t, an overa.ll coric.pa-rison of the
:

yieLds prod-tlced- by- tiie va.rio'¿s treat-ueiits reveajeri Uh¿rt the reco¡r-
mend.ed- re.fe of l0 pound.s of iþo Þer acre lva.s not suffici-ent to prod-uce -.

maxinru¡r cereal ;rield.s on a soil r,¡ith such a Low exchangeable pot-
asslu-n Level. on thls tr1al the Largest cerea.l ¡iieLds lrere realized.
wlth the 100 pol:nd- K"o treatnent: rt shou-ld- a.lso be noted- :']ha.-v barley
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Table 12

GraÍn and Total- Yíelds of I^Iheat, Oats
at Final Harvest (1968)

and Barley

Grain YieLd (bu/ac) Total Ylel-<f (crvt/ac)
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I^lheat

Treatment
N-P^O--¿>

1.90- 30
2.90- 30
3.90- 30
4.90- 30

L.S.D. (.05)

K o(1)
2

0
15D
30D

l_008

5.0
33.7
40.7
44.4
3.7

52.L
59.0
60.0
59.5
5.2

31.3
30.9
33.9
32.5

NS

37.3
39.2
35.0
38.9

NS

25.O
26.0
29.4
30. 7
3.6

23.3
61.8
7L.5
70.6
15.9

85 .5
100.5

92.4
95.2

NS

49.9
52.2
55. 6
5I+.2

NS

66.9
68.3
6r.6
70.9

NS

47,2
46.9
50.4
51.6

NS

Oats

5. 90 -
6. 90 -
7.90 -
8.90-

L. S .D.

300
30 15D
30 30D
30 - l-008
(.0s)

22.3
52.4
75.L
84. 3
lB. 2

106.l-
104. 9
LOi.4
l-11_.6

NS

7L.3
69.5
68.4
72.6

NS

100. 3
97. I

1_07. 3
97:4

NS

72.L
72.6
7L.5
80.0

Nls

31. 9
()2.5
7(1.5
83. B

L7.4

83.7
79.4
82.L
85. 1

NS

65.4
67.8
6L.7
66. 3

NS

73.3
72.7
79.4
7 3.8

}IS

52.9
52.6
52.5
54.2

NS

Barley
o

10.
11.
L2.
13.
L4.
15.

90- 30
90- 30
90- 30
90- 30
90- 30
90- 30
90- 30
L.S.D. (.

0
15D
30D
60D
608

100D
1008

2.4
43.8
56.9
62.7
57 .9
65.4
59.2
' 7.2

75.L
7L.6
77.7
79.L
v6.7
80.2
77 .4

NS

59.9
63. B

62.8
58.6
66.6
57 .8
69 .0

NS

.62,L
'6S.1
68.8
65.6
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70.8

NS

6.0
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7Ä.4
68.5
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65.0

('. NS

7I,9
70.5
7L.4
66.6
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67.7
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NS

52.6
56,3
58.9
55. B

57 .9
58. 3
59,7

NS

58 .9
53. 1
62.2
63.5
64.8
68. B

53. 3
NS

KCl drilled ín wíth the seed
KCl broadcast on the soil- surface
nutríents in Pounds Per acre
locatíon of têst on öo-operatorrs land
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8ra1n yield.s of the driLled. in pota.ssium treatments surpassed. the
yleld.s of the broa.dcast trea.tments.

On the Kiel trial, a slgnificant , :05 level, wheat graln
and. a non-slgnificant , .e5 1evel, v¡heat tolal Viefå response T{a.s

observed. v¡ith every potasslu.:m treatrtentr' the optinu:n üreatnent rr'lth
reðard to r,rhea.t yieLd. being 15 pouncls of Kro per a,cre. i/¡lth oats,
only the 100 pound. K2o pe:r acre treatroent increâsed. grain and total
yleld.s, a non-signiflcant increase at the .0J level. The 15 a.nd. J0
pound. liro treatr:nents red.uced- both oat grain and- tota't J¡1eld_s. Tr¡¡o

treatments on the Klel trial-, 60 a.nc1 100 pou.nds of KrO d.rilled. inr,
prod.uced a substa.ntial, although non-significant, .05 1evel, barley
grain response; þ.0 and 5.0 bushels respectively. These tr¡¡o drlIled.
1n treatnents also increased barley total yield.s slgnlflcantl¡r, .05
level. The 60 a.nd- 100 pound. KZO broad.cast treatnents, and the 30
pou-nd I(tO d.rilled- in treatnent a.lso realized. non-sÍ-gnificant, .05
Level, barley grain responseso But, the 15 pound I(ro treatnent
red.uced. barley gra-ln yie1d.

oresent potass!.urn reconmenda-

tions for the grolrth of whea.t on a soil having an exchangeable potas-
slun Level as represenËed. by the Kiel ürial. Honever, the results
from the Eliuk trial and. the oat and. barley results fron the Klel
trlal 'suggest that the rate of potassium ferüill zatLon presently
reconmend.ed for the grorvi;h of these cereals be increased. on so1ls
wlth exchangeable po-r,assiun 1eve1s as represented. by these tv¡o ürlals.

The so1l test reconmend.atlon (4Ð for the tr^ro pers oage

ürlaIs d.id. not ad.vise the appllcation of pota.ssiwn fertlll zer for
wheat, oats, and. barley. Becau-se these soi]s had exchangeable potas-

5?



:-

slu'n l-evels of 102 and l:26 ppn lt nas d.oubtful rr,hether or not cêr-
ea.ls would. respond. to pota.ssiutr fertill zation. Hor,¡ever, small, 2.6
bushels or less¡ 11.011-signifl ca.nt, t.o5level, wheat grain responses
were observed- lqlth the J0 and- 100 pound Kzo treatrcents on the per-
soage north trial, and. rvith the 15 and. 100 pound KrO trea¡ments on
the Persoage east trial. substa.ntia.l but non-significant t .oJ level,
total t+heat yield- increases ?rere observed. r,rith a1l trea.-r,ments except
the J0 pound. K2o tteatment on the east trial.' But, on these tv¡o
trials, only one treaünent increased. oat graln and- total oat yield-s
substantially, non-slgnlficantly at an.0J level, the J0 ponnd K^o

¿
treatment on the Persoa8e "r"ì tria1. The other potassirua trea.t-
¡lents either had- little effect or red.ueed oat yields, on the other
hand', on the Persoage north trla.l-, every potassirrn treatnenü but two,
the 15 pound- and 100 potrnd. i(ro broad-cast treatments, increased- bar-
Iey grain yields, non-slgnlficantly at ân ¡0J Ìevel-. i,laximpra barley
grain yieLd. on the Persoage noz'th trial was observed. with the 100
pound. Kro d.rilled. 1n treatment r¡hich prod.uced à g,p bushel response.
Total barle¡r yleld.s also shor¡ed. a response, non-signlflca.nt at an
.0J Ieve}, to every potasslrtrr treat¡nent except the 15 pound_ Kzo
treaünenü v¡hich red.u-ced. yield.s. 0n the pu""or.gu east'r"rr1, ever'
potassium üreatment but. two , 6o and. 100 pound.s of K"o d.rilled ln,
lncreased. barley grain yield.s, The 100 pound. K^o tloa¿cast treat-

¿,

ment proclucecl ühe ¡aaxiEua response on the Persoage. east trial; 9.L
bu'sheLs. However, only trvo potassiua trea.tments lncreased. the total
barrey yleld. on the persoage east trla.l, the 60 and. 100 poun d, Èzo
broad'ca'si trea.tments.' Therefore, although these results 

"u-ono"i the'
present recoï4mendations for oa.ts, they arso suggest that barley ylelds,

5B



and to â. snaller d_egr.ee, wheat yields,
having exchangeabLe pota.ssiunn levels as

trials.'
The exchangeable potassirur leve1 of ilre soil of the Ervanek

trlal rvas z'ated. as very high and- the soil test reconmend.a.tion (Å¡j)
d'ld' no-r' ad-v1se the applicatlon of potassiurn for cereal gror,rth. There-
fore¡ on thls soil a cereal response to pota.ssirun fertilizer was not
eEgecied.. iloweve?, r'¡heat ancL barley d.icl resiroirci to potasslwo ferti-
lization' The J0 and- 100 pouncl Kro treat¡rents produced. a slgnific artt,
'0J Ievel, response in wheai grain yleld.s. These tv¡o ireatnents
also increased., non-significantly at a .0J level-, üotal ir,heai yleld.s,
Barley graln and üotal barley yiel-ds.also sho-r¡red- a response to every
potassiunn üreatment. The naxir:aum barley yield was achieved. with the
L00 pound' Iízo d.rilled- rn treatment , a 9.0 bushel response., äoiuever,
only one treatmenü increased. oa.ü grain and. total oat yield.s; the ro0
pound. Ytro trea.t.¡rent r¡¡hich prod.uced a ?.g bushel response. The other
two treatments did. noü affect oat graln and total oat yields. These
results suggest that u¡heat and. barley might respond. to potassiu¡r
ferülli za.Eion on sol13 lsith very hlgh -l.eve].s of exchangeabÌe potas_
slum. Ad.d.itioi:ally, 

.they also suggest ühe possibiliiy that oats
nlght respond. to hlgh applicatlons of potassir¡l on so11s rrlth hiah
levels of exchangeable potassiuro.

fotal potassir-::n ¡-r-pr-a-ke b;, whesË (ta¡fe 13) increased. on
the Íliuk, Kie1, and persoage norih tr1als r,rith the appllca.tion of
potasslr-ra ferüilizer. on ühe other two trials, the Ev¡anek and. the
Persoage east, total uptake of pota.sslr.¡m decreased v¡ith pota.ssirul
ferüilization, except for ühe 100 poirnð- y'zo treatroenü on the persoage

could- be increa.sed. on soils
represented. by these two
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Table l3

Potassium Uptak-e by Ì,Itreat,
at FÍnal Harvest

Co-operator

Treatment

N-P205-K2o(1)

90- 30 0

90- 30 - 15D

90- 30 - 30D

90- 30 -1008

1.

2.

3.

4.

5.

6.

Crop

Oats ancl Barley
(le68)

90-

90-

90-

90-

90-

90-

90-

90-

90-

90-

90-

7.

B.

E1Íuk

trlheat

!üheat

Inlheat

hrheat

Oats

Oats

Oats

¡,
Oats

Barley

Barley

Barley

Barley

Barley

Barl-ey

Barley

30

30

6o

Potassium Uprake (Lb/ ac)

0

150

30D

1008

0

15D

30D

60D

608

100D

1008

9.

10.

1l_.

L2.

13.

t4.

15.

30

30

Kiel

L2.2

15. B

20. 0

34.2

9.5

13.0

19.1

25.7

:ï;;rã1 
-::::?r1 Er'ranek

30-

30

58.6

75,3

7 3,6

84.5

76.r

79.5

85.6

94.5

30

30

26.2

28.9

3s.3

34.6

42.9

45.5

39.6

46 22

47 .O

49.L

55.8

68 .8

53. s

78.9

70.1

30

30

30

46.9

42.9

43. I

59.0

s4.a

61 .1

65.7

62.O

50.0

51.8

52.I

54.1

65 .1

59.9

81.5

36.8

33 .1

39.L

35 .5

60.1

63.1

60.1

55.4

49.4

58.9

63¿5

66.7

69.7

68.7

70. B

2.8 79.6

13.8 70.9

2L.5 90. 3

35.0 125.0

33.4 L06.2

53.8 136.9

46.6 120.8

D

B

(1)

(2)

KCI drilled in rsith the seed

KCI broadcast on the soil surface

nutrlents in pounds per acre

locatlon of test on co-operatorrs land



ea-st trj.al and. J0 pou-nd. !írO treefri¡.ent on the ll.raneiç tyial- l.¡hich

lncreased. u.pta.ke.

Total potu,""irr* upiake, by oats (ta¡fe t3) lncreased- on
a

the Ðliu-k, I(1el, a.nC Persoase 'trials ,,sith l:of,essLu:n fertiliza.tion.'
The onLy e:cception r,,¡as a. d-ecrea.se ln uptalce I'rith the J0 pound. KZA

trea.tnent on the Persoa.ge nor'üh tría.l. On the E\,¡anek triaL only

the 15 pound. 'tirO treabnent procluced. a. sna.11 increase 1n pota-ssiu¡r

u-ptake.

Sur:ining urr these resrilts i s.n incz'ea.sed. potassiu.n u.ptake

in respouse to potassiun fertilization ca.n be eq>ected- for. barley
grown on so1ls l.rith a.n exchanàeable pota.ssiun ler,'el oî 4fþ ppn or
less. Poiasslu:n u.r)take by oans ca.a be eryecied. to increase v¡hen

soll-s ha.ving an excha.nEea.bl-e po-iassiun level of L26 ppm or less e.re

f er-r,ilized. i,¡ith poia.ssiurr. Proba.bly, potassiu.il. uptalie by r,rirea.t lsil Ì
respond- to potassi'¿rn fertili zaslon on soils i',iith an e:ichangeable

pota.ssirrn ler¡el of 102 ppra or 1ess. ïn a general- sulnna.ry of pota.s-

sium uptalce ð-ata., it should. also be noied. that the uptaire of potas-

slun per pound. of rvhee.t proci.uced- i,¡as 0. 0066 pou-nd.s l¡heree.s for oats

1ü was O.OO??;oou:rd.s per pound. of oa.ts prod.u-ced., and. for ba.rley

0.0092 pound.s per_ pound. of barl-ey prod.uced..

Slgnifica.nt lineà.'c corre]aiion coefficients, .O5 leve1 ,
!,iere calctrl-ated- bet'¡^reen ühe a^mou-nt of potassiu¡r talcen u.p by whea.t,

oats, and. barley and. f+rain yiercls at ha.rvesü, figures lr, 5, a.nd 6.

The correla'bion coefficients r,,rere O.86 , 0.?5 arrfl. 0.8J respectively.,
l'lhen t].rre 1967 and, 196S d.ata T'ras combined., significa.nt linee.r correla-
tion coefficients, .O5 1evel, trere also calculated. betr,¡een .ootassir¡.rr
uptake anð- gca.in yield.s of ,,vheat, oats a.nd. ba.rleJ, a.t fina.l harvest;
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F0.81, 0,73 and. O.fp respec'uive]y. S!.gnifica.:et linear correlatlon

coefficients, .05 level, ?rere calcu-lated. betr.¡een ühe amou-nü of poüas--

slunr taken up by rvheat and. barley and. the total yield.s in the L96B

d-ata. The correlatj.on coefficients lrere 0.89 and O,lB respectively.

Hoviever, no signiflcan'i; correlation coefficienl, .05 1eve1, was

observed betrveen poiassiun'uptake and- oal total yield, y=0.28. But,

wlren the Lg67 and. 1968 d-ata wa.s conbined. signlflcant linear correla-
tlon coefficients, .0J 1evel, l{ere calculatecL betlreen potasslu:n. 

_

uptake and. total yield.s of the three cereals aË final harvest, a=-Q.?5

for whea.t, 0.56 for oats and, 0.74 for barley, irTo signlficant rela-
tlonship, .Q5 leveI, î{â.s observed- betrreen potassium uptake (]:968

d.ata) by wheat, oats and. barl-ey and. the level oi exchangeable potas-

sln-n in the soil; :=0.16, O.ll0 anð. 0.22 respectivel-y.

A conparlson of the d.rilled. 1n a¡rd. broad-casü roethod.s of
application is lnteresting (tabre Lz). For example, on the Eliuk
and. Kiel trials the 60 pouncl K-O d.rilled. ln treatinent prod.uced. nore

¿

barley grain tlnan the 60 pound broad.cast trealment, i,ihereas on ühe

twó Persoage bria.ls and. the Swanek tria.l it prod-uced. less barley
graln. I{ol¡ever, in a comparison of the t¡¡o nethod.s of application
for 100 pound. 6-10't'ceatments, the d.rilled. 1n treat¡o.ent out yield.ed.

ühe broad.cast treatment on ühe Kiel, Éliuk, and. Persoage north trials.
On the Persoage east -r,rlal¡ the 100 pound. K^O broad.casË treatment out

a.

yielcied the d.rl]led. in treatment, but; oir the Ewaneji trialr i1o dls-
tinci d.ifference ln barley grain yield. r'Ías observðd. between the tr¡o

nethod.s of a.pplication. Iiowever, r¡1th both the 60 and. 100 pouna i<rO

appLicaiions, the d.ifferences in y-ield. betl¡een the broadcast and. 
''

d'rilled. in treatnents, aLthough tiirly large, r^rere non-signifi cant a.t.

6l



an .0J leve1 on ihe Eliuk, I{leI , a.nð- Persoage trials. These resu.lts
su-ggesi tha.t d.rilIing in high ra-t es of potassiu¡n fertiLize:' lrlth the
seed on soils vrith 1or.'r excha.ngeabl-e potassiurr. Jevels , ;1OZ Ðpn or
less, is a. nore fa.vou:table neihod of a.pplicatlon than broa¿casting

lhe fertiLizer oYr the soil surfa.ce i.'¡ith regard. to ba.rl-ey gtain yie1d.s,
0n so1ls oî higher ex'changeable pota.sslut:l levels broac.ce.sting high
rates of pola.ssiurn feriil-izer lrill proba.bl¡, resu.lt in greater barley

e seed..

To d.eternine the d.egree of rela.tionshlp betneen nitz.ogen
and.-potassiun upta.Jre, linear coz.re'ration vahr_es t.rere ca.lcula.ied- for
the uptake of the trvo nut:.ients b), the three cerea.ls. The uptalre of
the two nu.trienis r¡as observecl to be signiflcantly coz're1a,'ted., .05
level , for nheat; ro.fT, a.nä barL eyi t=0.?0. I{or.rever, nitrogen and.
potassium upta-lce by oats 't'ias not obserr¡ed. to be signifi ca.nt[y, .05
leve] , correlated-, r=0.22, Bu.t r^rhen the it96? a:rd. 1968 d-e-.ta lyas co¡Ê-
blned' and. l1near co?TeLaiion coefficienis r,iere cajrcu¿a.ted. betvieen
nltrogen and- pote.ssiun uptake, significant rela.tionships , .oJ 1evel,
were observed- for wheat: ç0.?5, oats; æ0.J2, and- bay;1eir; a¡O.?S:

1o asce:eie.In whether the Ca/'¡ and. Ca*l¡l g,/*i, ra.t|os in the soil
had' affectecL potassirun u.-oÈa.ke a.nd cereal yields on the tr1a.1s of this
experinent, linear corre'la.tion vaLues r¡J:ere calcuJ-ated_ (table :r5).
only one signiflco.ni, .OJ Ievel, coruelailon value was observed., the
relationship between the Ce.+it!g/¡r, ratio in the soil e.nd. be.rl_ey graln
yield's, ç-0.92. The correlati-on values for the other relatLonships,
ca/K anô- ca+irg/d re,tros versus poËasslun uptake, grain yield., and.
total yield-, proved- to be non-slgnlfleant, .0J leve1, for ihe ihree
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TabLe 14

Nitrogen Uptake by l^Iheat,
at Final Harvest

Co-operator

1.

,

3.

4.

N - P2O5

90- 30

90- 30

90- 30

90- 30

Treatment

rro(1)

0

.15D

30D

1008

0

L5D

30D

1008

0

15D

3oD

60D

608

1008

100Ð

D

B

Crop

5.

6.

7.

Oats and Barley
(r_e6B)

90-

90-

90-

90-

Nitrogen
Eliuk Kíel

30

30

30

30

30

30

30

30

30

30

30

I'lheat

hlheat

Wheat

trrrheat

Oats

Oats

Oats

Oats

Barley .

Barley

Barley

Barley

Barley

Barley

Barley

B.

o)

9. 90 -

10. 90 -
11. 90 -
L2. 90 -
L3. g0 -

L4. 90 -
15. 90 -

Uptake (lblac)

42.O 108.6

81-.9 L25.2

92.7 120. t_

98.0 rL7.9

i::ilrrÎ P::::reÎ Er"anek

56.6 80. 3 52.3

ss .6 77 .3 50.1_

62.0 70.6 56.6

56.1 75.4 59.3

48.6

78.6

95.4

96.7

1_00. 3

92.7

95 .5

94.5

56. 3

56.1

57.9

58.6

)r.o

64.8

71. B

73.7

75.0

81.9

69.6

14.6 Lzs.6

81.8 113.8

q9.1 r22.6

96.3 138.8

87.1 L29 .8

101.3 L4L,6

9L.7 L26.7

72.2

73.3

79.4

69.6

(1)

(2)

KCI- drilled ín wÍrh Èhe seed

KCl broadcast on the soil surface

nutrlents ln pounds per aere

locatfon of test on co-operatorts land

60.4

60.1

58.4

66.0

80.2 69.6

77 .4 7 6.7

77 .2 77 .o

70.5 73.8

80.7 '74.L

66.0 75.8

83.0 103.5



c"ops, Ùhe excepiion bei.ng as nen'bioned abo¡,'e bet'.reen the Ca+i,ig/Ã-

ra'ilo e'ncl barley grain yielcl. iior^iever, the nu.r¡bez' of deErees of
freed-on íor tirese z'ela.iio.rships iir this exoez.iilent tis.s sr1al1 (tab1e
15).l,iiren]inea,rcorre1a.¿ioncoefficienisïIereca1cu-1aiec1forthe

1967 e'ncl 1968 com'bined. d.a-ba (ta¡:-e t5) nosi of these relationshlps
T¡ere si.'3n1f1ea.nt , .05' r eve'ì . 'Hitir rvheai, si-grrificani , .o j 1eve1,
ne,!;ai;irre 1in-eaz' coz're'lation coefficienis T.iere oSserved- beti,leen the
ca/'( ratio 1n the soil anc graln yielcr-; r=-0.!a, between ce./It: z.eJio
and- ¡o'bassirr-n uptalle i F-o.7?, betlv-een carLi,fg/lï ¡:a.tio t:ic1- grain )¡iel-d-;
lî=-0.'70, a.nd- bei;.reeti CD.*-,.i,r./ir rat.o e,nd- pota.sslt:-n u..f:te,l,le ¡ ç-O,T1,.
For oats, siSirifica.nt , .0J level-, negali.¡e l-inea.z" correlatio¡r ioef-
flcients rde:re co.Lcu-l-a.tecl, betr'reen the ce./N ta.tio in ihe soiL and pot-
a.ssiu:n u¡take¡ v-C,Jj, a.ncì bei;,reen ilre CÐ.+i:g/ä:,ai;io in r)he soi-t
ancl potassi Lr.n '-rota.rce; r=-0.80. slrnila.rl r¡r signiÍic a.rrt, .0J Ierrel,
ne¡çative cor3.ela.tion coefficj-enis ireïe ca.-lcrr.la.ïecl between the Ca/y,
ratio in the soil. a.nci. ba.rl ey gra)n yiel_d.; z=-0.B6r.bar. ey tote.!
;rield-s, 'F,-0.1(:, and- pote.ssilr::r 1r-rriaJre b¡r ba.y'r s;r; r=-0.g0, a.nc -i:etween

Ca*!lg/¡.r,. rati-o j.n the soil a.nd. be.rle¡r gra.1n j.ie]d_; z--0.8f , tota¡- bar_
l,ey grain yleld-; F-C.??, a.nð- poiassiu_.fi. uÐtalle bJr ba-yleyl i=_0.g0.,
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Table 15

Linear Correlatíon Values (r) beÈr¿een Ca/K, Ca+Mg/K
Ratios in the Soil at Planting Time and Graln Yields'
Total Yields and Potassium Upt,ake by the Cereals at

Final HarvesÈ for 1968 and for 1967 and 1968 Conbined Data

wheat n

- 19_6_8- - _:1967 and 19-e8 :
t(2) "(3) l-(Ð-.

Ca/K
calli
ca/K
Ca+Mg/K
Ca+Mg/K
Ca+I"Ig/K

ratio
ratio
ratio
ratio
ratio
ratfo

vs.
vs.
vs.
vs.
vs.
vs.

graín yield
Èotal yield
potassiu-rn uptake
grain yield
total yield
potassium uptake

3
3
3
3
3
3

B

7
7
I
7

7

-0.68
-0.55
-0.68
-0.68
-0.55
-o,67

-0.70 (1)

-0.55
-0.73(1)

6.79 (L)

-0.55
-6.73(1)

--- 
oats 

-*
CalK
Ca/t<
CalR
Ca+Mg/K
Ca+Mg/K
ca+t'tg/K

ratio
ratio
ratio
ratio
ratío
ratio

vs.
vs.
vs.
vs.
vs.
vs.

grain yiel-d
toÈal yieJ-d
potassium uptake
grain yiel-d
total yíeld
potassium uptake

3
3
3
3
3
3

-0.79
-0.67
-0. 85

-0.79
-0. 68
-0. 85

r8
7
7
I
7

7

-0.6L
-o.44
-o . zg (1)

-0.62
-0.45
-0.80 (1)

CalK
ca/K
ca/K
Ca+MglK
Ca+l"fg/K
Ca+Mg/K

ratio
ratÍo
ratio
ratio
ratio
ratio

vs.
vs.
vs.
vs.
vs.
vs.

grain yÍeId
rotal yield
potassium uptake
grafn yield
rotal- yiel-d
potassium uptake

3
3
3
3
3
3

8
B

7
I
I
7

-0.32
-0.82
-0 .78
-0. gz (1)

-0.82
-0.79

-s . s6 (1-)

-6.76 (1)
-0. so(1)
-0. ez(1)
-0. zz (1)

-0.80(1)

(1)
(2)
(3)

significant correlatl-on at the .05 leve1
r values are for the 90-30-0 treatment
Peters t trial not incLuded ¡,¡here n = T i' ' 

,)

O\.
N



In ùhe sumner of 1967 a greenhou.se erçerinent r,¡-as cotl-

d-uc-bed-. Primati]ly, the purpose of this experinenì; r.¡a.s to provicJ-e

fuz'ther' ð-eta. and. inforr¿ation to supplenent ühe 1nformation obtaiired.
froin ûìre fieldr erperirnents.

v GnEtû'iiious-J 3l{pûnÏi'tgl,i:r T

A. I'IATT]J:ITALS ÂIiTD i,lSTlioDS :

Fol].qr Ti'renty-ihree soils ïrere sli;u-clled- in this experlilent. These

soiLs rilere selec'Led. pz'inaz.ily fo:r thelr ra,:ge 1n a.vailabt e polassllur
conüent a.ncl secoz:d.Ii¡ for their re.ngg in percent CaCOa ec.Lrj-r¡e¿l-en-r,, . ì

and-' pi{. Tlle sertpl-es r.¡I€T€ obta.inecl fz'olr the plcir layer of cu-1iil'e.tec]-

I,le.niioba. soils. Soir /rna1ys1s (ta-¡fe :-6) ind.icaied. that the avai]_
able pola.ssir.m conieni ranrged_ fz.o¡r ZO to IisL,, p_on; tþe percent Ca.CO.

ec1u.iva.lent ra.nged- íron 0.08 bo 31,66, e.nð-the pli fror: 5,9 io ?.?.3

@: Thez'e lrere tr,ro
Treat¡neiti A d-id. :ro'r, recei-ve potassirr.in

received. potassil-uc f ertiJ-ize::, IiCl, to
of i(rO per e.cre (rreight basis). Each

tiues wlih ever)¡ soil and the Cata i,¡as

the ranclorcized blocli d-esign.:

3e air-d-ned-, n1xed., and- sieved to rem.ove

roots and. pla.nt resid.ue. A repïesente.tlve sa.nole of each soll ,,,¡a.s

tallen for chenica.l a.nalysis. Tuo kilo-gra:as of soil tr{ere plaóed. in
one-gallo:r 5^lazec porcetalir croclís., Ten -oo.n phosphorolr-s, - as

treetnents for ea.ch soil.
ferti.lizer i.rhil e ireatnent B

the equ.i'r,'al enù of 60 pou.:ed_s

treat¡leni; T,.ras replicated. folzr

anal.-yzed- statl si;i ca.l1y using



Tabl-e L6

CharaeterLstLcs of SolLs Used in
Greenhouse Exoerl-ment

pprnK ppmK ppmK CaCO^
Sotl / NII¿OAC CaCl, HoO equlvafent

Assoelatlon extråctabl-e extr€tlb-Le extra6table plt ,Z Texture

tl

I

L

lr

!

Pelan i
A1-masippf. II
Pelan III
Pelan IV
Stockton V
Almasippf VI
Almasippi VII
Gladstone VIII
Foster(l) rx
Pine RÍdge X
AlmasÍppí . XI
Pine Ridge XII
LakeLand XIII
LakeLand XIV
Alnasippi XV
Holland XVI
p6s¡s¡(1) xvII
Stockton XVIII
Iloll-and XIX
Emerson XX
RaÈhwelL XXI
Emerson )O(II
Osborne XXIII

20
30
3l-
34
36
42
47
51
55
60
64

101_

102
107
l_0ç)

t22
135
150
L62
204
300
420
4s4

15
25
2.4

53
40
40
t+5

37
37
5B
36
57
57
7T
7L
at
97

L24
11.5

B5
220
2-a2

2sB

t_5

25
27
19
31
31
23
20
34
38
L7
4L
30
33
47
39
B1
7o
4B
31
7B
5l-

105

7.4
7.L
7.4
7.0
ri o'
7.4
6.4
7,lr
7,4
7.3
t.5
7,4
7.7
7.4
7.5
7.4
7.4
6.8
6.4
7.6
7.2
7.5
7.6

9 .91-
0.1B
1.30
0.55
0.24
0.54
0.08
6.72
0.74
L. O.¿.

0 .45
6.62

3L.66
20.BL
L.25
0.61.
2.3L
0.27
0.29

16.11
o.77
1..86
L.47

L.S.
L. S.
L.S.
s.L.

F.S.L.
L.S.
t.s.

F.S.L.
L.S.
L.S.
L.S.

L.F.S.
si. c .L.
sí.c.L.

V.F.S.L.
V.F.S.L.

L. S.
F. S .L.

v. F.s.L.
Sí.L.
c.L.

sí.L.
c.

o\ :;

\Oi
(1) name of farmer from whom soil rvas obtafned



I.Ii{4i{2PO¡¡, L¡e.s ad-d.ed r-n d-j-l-ute soluiion a.s a. banð- L,J inches beLor,¡

the soi] st:.rfe.cc.' In treataent B, five pellets of KCl, each r,reigh- .

ing appro,xi¡re.tely 20 rít$rjls, ltreïe pl-aced. equicLis'bant fro¡r each other
across thc d-ie¡leter of the crocirs. Tl.ro roï.,rs of t)a.rltla.nA ¡arte¡- seeC-,

consisting oí four. seed-s in each l?o.i{, .r,.Íere sor,..'11; one row on elther
s1d-e of the KCl pelJ.ets. Both the seecl aircl. the I{C1 pellets r.rez'e

a.bou-t a ha.l f an inch below the soil su-rface. Flve ¿u.y" a.fter ê¡tê?-

gence the seecl-].in$S r,rere thinned to fou.:l pLa.nts _oe:l c::oc1i, Distill-ed.
r'rater lta.s rlsed for l*ateriirg. The plants recei'¿ec]- sj.xteen honrs of
l1nht per da;r. The crocks of ea.ch of the four repLicates lrere rand-
or:ly arranged- on the greenhou-se bench at:d. their Srosltion on the bench

t¡¡¿s tota-tecl ouce everl.' r,'Ieel<.r After einersence a.Ll the pots received.
ühree srr¡face applicatlons of nitrogen. irive d.a.¡rs aft.er energence þ0
ppn nii:rogen l'ras apirlied. as (N%)rso' d.issolved. in clist1ll-ecl .¡sater.i

The tl'Io other appLieations, each su-pptr;ring 30 ppro nitrogen, H]i¿pi\q3 d1s-
solvecl 1n distiLl-ed- r,ra.te?, r,fe3e a.ppl-iec1 flfteen days a.nd. thirty c1a.ys

after erf,ersencer Fifty-slx d.a.ys a.ftez' seed.lng the above Erou.ncl por-
tion of the þ].a.nts ','ras harvesied-.: The harvested- plant rnaterial r,¡as air
d.ried., lrelghed. and. ground- in a i..iile], al.t:tnj Then ühe arr¡nonirrm aceüate
extraciable pota.ssit:::t in ühese harvested- plant sa:rples t^ra.s rnea.s11red.,,

:- '

B. P¡-SULTS AltD ÐISCUSSIOIÍ :

The applica.ilon of poiassiun fertll-i zey Is recoaaend.ed.

forbar].er-grol.rb}roni,,Ia,nitoba,soi1sr.lithB4pptro31essofa,r¡ai1-

able pota.ssium (t+z). so11s r to ïr (ta.bre !6) r.rere in this ra.nge.l
The y1eld a.nd. peScent potassiun in pla.nt ne.tter data (ta¡te r?)
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fron these so11s, lf app1ied- üo fie1d. cond.itions, d.efiniiely sulc-

porü recorlrrend-a.tions for the a.pplication of potassirtn fertilizêT.:
S1gn1f ica.nt barl ej' plant matier incz'ee.ses to pota-sslu:n f ertiliza.-
tion, .0J l-evel for fou-r soils and..01 level for si:r *oit=, r.rere

record.ecl for ten of the eleven so11s anð- a srr.bstantia.] increase r,ra.s

recorcled. for the eleventh sol1, Al-naslp-oi II, The percent potas-

sitrn ln pla.nt ma.tter Eror,no oir these soils l,res also lncrea.sed b¡, ¿¡"
appllcailon of potassiu:n fertlLize-.s, signlfica.ntl¡r for eight soils,
.0J leve1 for îour soils a.nd..'OI leve1 for fou-r'soil-s, a.nd. sul¡-

stantially for tr'¡o soils. Iru.rthennore, potassium fertlllzation
increased. yield. a.ncl percent potassirr¡r in the ba.rley plani;s on boih

acid.ic a.nd- a.'lJ<aLine soiLs atld- on both calcareotrs a.nci non-ce.Lcareons

soils.

The avaITa.h'Le potasslu¡e Ievel of soiLs äTf io XXIII ratrged-

from. 101 to &5ll ppn (ta¡le 16). The applica.tlon of potassiun

ferüllizer for barle¡' groiuth rvou-ld. not be reco¡nnend.ed. for so1ls r,¡ith
these levels of e.va.il-air1e potasSiw:. (l+2).- iÌolvever, the applica.tion
of potassiu-n Íertilj- ze! -vo these tr.¡elve soils resuJ.'r,ed in tr¡o slgni-
ficant )¡1e1d. increases, tiolLanci x'i/f slgnificani at the .05 'level and.

ftnerson XX signlfica.nt ai ühe .'01 I evell r âs i,¡ell a.s one -slgirifiep-n'r;
lncrease, .:0J Leve1, in the percent potassirrn in the ba.rl.ey ma.i-

ter, "4.1na.sipiri XV. Su-bstantia-l but noi significant yield. increases

Ir'rere reqlized- on ihe Pine Ridge l{fï, La.,:el¿a.nd XIIï, and. Snerson;täïï
soils. Al'ühough ba.rley yleLd.s d.id. lncrease on the other seve?1 soi.ls
l'rlth potassirim fertilization, these lncreases r,'rere noi substa,ntial.
Therefore, llr the nain, if the yi-e'lcl data rrere a.ppl-ied. to fieId. conrj-i-
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Table 17

Yield, Potassium Concentration, and potassium Uptake
by the plant ìfatter Ín the Greenhouse Experfment

Difference
; rr^--^-! r, in víeldPercentK percentK b.i"""o

yreld of äå'lf¡li ",1i.::î; -1i.::':; i"":;::î **uånlïÏi" ãå"ii¡31'sotl check ln treatment check 6o tu/ac- at"ri*""'a treatment rreatment

Pel-an
Ahnasfppi
Pel-an
Pel-an
Stockton
Almastppi
Almasippi
Gladstone
p6s¡s¡ (1)
Pine Ridge
Alrnasippi
Pine RÍdge
Lakeland
Lakeland
Almasippi
llolland
Fosrer (1)
Stockton
Holland
Emerson
Rathrvell
Emerson
Osborne

I,II
III
ïv
v

VI
, VTI

VIII
IX

X
XI

ruI
XIÏI
xrv

XV
xvI

)ffII
XWII

XÏX
vlttv\

)0(I
xXII

)O(III

L.25
2.40 .

1.60
L.97
1_ .85
2.50
2.57 ,
too
L.83
2.95
2.65
4.25
4.s4
4.43
4.25
4.11 '

5.L7
4,2L
4.76
4.68
5.38
6,64
6.38

(1)

rt

rt*

2.63rt't
3.66
2 . g8*rr
3.30*r.
2.53rc
3. Çf**
3 . 7 1?t't
3.62x
l. JS:tzt
3.56*
4. 33*'t
5. s3
.5. 36
4.53
4.47
4.9r*
5.7 4
4.62
5.L7
5.47*.t
5.52
7.59
6.47

name of

l.lc)xzu
2.38
Z.l.6tc
l.SQ*c*
3. 59r.
2.78*,r
2.gL

/ l. pÇ*rl
2.67"
3.24
2. 18tr
2.80
2.4L
3.47 .

2.90*
3.53
3.79
3. 91
3.46 

I

3.87
4.72
3.78
4.66

L.43
r.69
1. 30
1.99
t o,,

2.44
2.75
L,25
2.24
2.74
L.B7
2.36
r.94
3. 3r
2.49
3.52
¡. ss
3.84
3.4s
3,45
4.70
3.74
4.73

0.02
0.04
o.02
0.04
0.05
0.06
0.07
0.04
0,04
0.08
0.05
0.10
0.09
0.1_5
0.1_1
0. t-4
0.19
0.16
0. L6
0.16
0.25
0.25
0.30

a!

0.06
0.09
0.06
0.09
0.09
0.11
0.11
0.07
0.09
0.L2
0.09
0.1_5
0.13
0.16
0.13
a.L7
o.22
0. r_7

0. r8
0,2L
0.21
o.29
0.30

1.38
L.26
1. 3B
r-.33
0.68
1.41
1_.L4
0.63
L.53
0. 61
1.68
1. 28
0.82
0.10
0.22
0. B0
0,57
0.41
0.41
0.79
0.14
0.95
0.09

farmer from whom soil was obtained {
t\)

slgnlflcant at .05 level

signlficant at .01 level



tions it su.pports þt'esent poiassiun recoanend.a.bions because for
seven of the tr,'ielve soils poia.sslun fertil lza.tion resnlted. in only
noi't-substantial barley yield- increases. Ìlol.¡ever, the possitrility
exlsts that if higher rates of potassiu-ra feriiLi zation iLte.n those
stu'cLied in this experirilent were u.sed the increases nlght have been
snbstaniial. BaiLey (5) r,'iorkin.< r,,'ith ba:rley on l,Tanitoba soirs
ha'ving 101 and- 115 ppn of ar¡ailable pota.sslr::1lr reportecL signlfi-
ca.nt yield. ìncreases to ra.tes a.s high as r50 ,,nd- zo0 pouncs of y,.ro

per acre. The yieId. d.a"ta fron five of the tr,¡elve soiLs d-id- sug-
gest that a ba-rley response to potassiu¡a ter-viliza.tLon cen occu.r
on soils having Ïelaiivel-y high levels of available potassiren.

The yield- of barrey rre.s significantry correlatec-, .05
level, r"rith both potassiua upta.ke a-nd- the percent potassiun in the
plant matter, r=0.)4 end 0.86 respectively. As the yield- increased,
both potassiurr uoiake (figure ?) and- percei:t pota.ssiun in trle plant
¡natter increased. coffiesponc-ingly. rt should be noted. tha.t alühou-gh
yield', potassium upialce , a.nd- percent þotassiun increa.sed. r¡¡hen KCl
was a'dced' to the so1l (table I?), the greatest increase was in rela-
tlon to lncreaslng a"nounts of available potassiu¡t in the soil.

yield- (figure B), pota.ssiun uptake (flgure g), and. per-
cent pota'ssirj.n in the ba.ri-.ey plants were significantly correlate¿,
'0J leve1, r¡it.h the a¡nnonir-rn acete.te extyacte.ble potassiuu levels
of the solls, F0.96, O.g?, and. O.?g respectlvely. Barley yield.
lncreased' ra.p1d.ly with increasing level s of available potassi,,n u-ntil
a leve1 of a.pproxina-te1y 1!o ppn lras reached.. Beyond. 190 ppn the
yleld' increased very grad-ually r,.rith increased anou_nts of ave.ir-
able þotassiun' Potassiu¡r uptake also increased. rapid.ly es the avail-
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able potassiun of the soil increasecL, r.rith the sha.rpest lncrea.se
occurring u-p to a level of abou.t z?o ppn. These tr,ro cu.rves, fig-
u?es B and- ) r' anð, flgure ? , llLustrate that. yie1d j-ncreases rrliih
uptalte, and- st-tggest that the d.eslrable niniráum leveL of ava.il-a.ble
potassiu:n for barley groivth is in the range of r90 to ?zo ppm.

These tr.uo curves also indi ce.te that on soils beloi^,' this range of
availa'ble potassiurc be-r-l-e¡r should. respond fa.vora.bly to poiassiun
fertiLi zation.

Ïn thls experinenù three exlz'actlng a.gents uere conpared.
as to ùheir a-b11it;z to rnea,su-re ava.ilable poia.ssiun j_n the soir.
Tab1e 18 presents the correlation valrres bet¡ceen yield. es¿ a.va.il-
able pota.ssiun in the soil a.s rûea.su.red- by ihese three extra.ctlng
solutions. Yield. uas ¡rost strongl¡r correl-e.ted. ,¡¡1th ùhe potassiun
extra.cted. b¡' 1.0ì'i a.nnor,l.itr¡ aceta.te solution; rO.)6, as conpared
¡ilth 0.0L T4 CaCIr; r=0. BB, a.nC_ d_lstilIed. rtra.ter; :e.O.l J, Thu-s, the
r valu-es ind-ica.te that l..o N anraoniu:o acetate is the ¡cost relia.ble
of the 'r,hree extra.cting a.gents for relatlng availab] e potassir¡-'.n

Ievels 1n the soil to bs.rl ey yiei-d_s .
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Values for Correlation (r) betr¡een Yleld and Âvailable
Potassium ln the Soí1 as lleasured by Three Bxtractíng Solutions

Table 18

. Extractíng Sol-utfon

(1) 1.0 N Annnonium Acetate + 250 ppm LiNO,

(2) 0.01- M CaCL, + 25O pnrn LiNO,

(3) Distilled water + 25O nprn LiNO,
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(r) val-ue

0. 96

0.88

0.7 5



A field. lnspection of íne 196? tria.Ls, a.poroximatery 2e.;
d the prevlous

nigh'ii 1n ühe area of ühe Arthur, Freeborn and. Foxon trials. Upon

lnspecting these three trla-1s, it nas obsez.ved. that the frost da.m-

age lras not as exüeirsive to the barfel þ1a.nts tha.t received. pota.s-
siu¡l chloriri-e as io those that d.id. not. "A-s a result of tire fieLd.
obser-r¡ation, 'e.n eïperiraent r,ra.s cond-ucted. in the greenhou-se to d.eter.-
mine v¡trether the ad-ditioir of pota.ssru:n io a. soil z.ed.uced. frost d.an-

age l,o barley and., if sor ¡thether or not the red.uetion varies l.¡ith
the initial pota.ssirrn status of the soil. . ,

I,IAT]RTALS AI{D I,f ÊTiiODS:

Sollg: Tlvo soils l'¿'êz.€ used. in thls stu.d.y, one fron the Al.nasippi
association (11) a.nd. one fro¡n the Gle.d.stone a.ssocia.tion (tt). The

Almasippi soil was_lorv in ava.ilable potassiun r.vhile the Glad.stone

soil was high in a.vailable poia.ssiun. Both so1ls rvrere calcareous.
Tab1e 19 lists sone of the characteristics of the soils

used.. ,, "

Experi¡aental Ðesi.ß41 To d.eternlne v¡hether ihe potassiuie or the
chlorid.e ¡¡-a.s responsible for red.ucing d.emage io barley lrhich hacl

been exposed- to below freezing tenpera.iures, ti,ro so1ls l¡lüh d.iffer-

"tt! levels of exchangeable potasslun (ta¡le 19) i,.rere used and. both
solls lrere trea.ted- ruith another'. chlorid.e salt (irta.ct) as r,¡ell as KCI.
The other eriteria for using soclun chlorid.e nas to see 1f conpar-

VÏ GTESI{IÌOUSS SXPERTI.ISNT IT



Some Characterístícs
house

Co-operator

Soll

Table L9

of the Soils Used in the Green-
Frost Experíment

; ..

ppm exchangeable K

ppn NO, - N

ppm P (NalICO3 extractable)

7B

pH

Texture

CaCO_ content (rvíth. IICI)
3

Peters

Alnasippt

67

1. 39

6.L6

8.1

L.F. S.

1or.r

Foxon

Gladstone

2r0

2.37

2.34

7.4

c.L.

very high



able observations corild be p:rod.uced by l{a and. K rtrhen the pla.nts rr,ere

exposed to belo¡r' freezing ternperatures. The anou-nts of i{a. and. K a.dded

to the soil in the different treatments r¡ere equlvalent å.s shov,.n belor¡¡:

Trea.tment nunber Treatrnent

1' 15 PPm Pota.ssirr':n2' 'l-5 þþm soaiur
?. J00 oprn pota.ssiu.m4. 1oo iirn soaiu.n- -
5. 0 ppn sod.ium and 0 ppm ootassiu-rn

Honever the anount of chlorid.e applied. lvas varlecl by the fact t,.a.t foï
the same weights of ITa and. K'a.pplied., more chlorid-e v.ras applied with
the ida than with the K.

Each soil recelvpd the a.bove flve treatnents and. every trea.E-
ment r^las replica.ted. four tlnes on each of the t¡ro soils used.
Prqced-ure: The soils were obta.lned. in Aùgust. Only the surfa.ce
six lnches were used-. The soils were air d.ried, mixed., and. sleved
to reaove p1a.nt resid.ue and. pubblus. Bepresentative sampl-es r¡¡ere su-b-

mf-tted for chenica.I analysis. Two kilogrâ.ms of so1l were placed in

79

glazed--porcel?in garlon crocks. 10 ppn phosphorous as NI{UlÍnpoU in
d-ll'ute sol.ution Ìres band-ed. an inch anð, a half belolr' the seed-. The

soCiu-mr e.s NaCL in dilute solu.tion, and. potassiun¡ âs KCl 1n d-l1ute
soru-tion, trea.tnents were sinilarly banc.ed. on Januaty 3L, eight
seeds of the barley varrety Concluest r^rere pla.nted. After gerrninatlon
the seedling stand- ltas thinned- to four plants per pot. The noistu-re
1e¡¡els Ïrere naintalnerj at field ea.pacit¡r with. d_1stil_l-ed rçater.
sevent;' ppn ni.troqen 1¡ras add.ec1 in two instalkaents; forty ppn as
(uu4)zsoþ 1n dilute sohr-tion four d-ays after energence, e.nd- thirty
ppn as i\Ïf1+l{03 ln d.llu.te solu-tion flfteen days a.fter emergenceo The

plants lrere exposed to fou-r.Ëeen hours of rlght per da.y. The plants



were frosË hard.ened. by ex¡posure to teroperatures of appro x¡mate¡y 37

d-egrees Fahrenhelt at the following rate¡ a two hour e;posúre on

Februa-ry l8th, a four hour exposure on February l9th, and. a slx hour
eqposure on February Z}tln. On February 21st the plants were exposqd.

to tlo hours of below freezing temperatuf,€.. Durlng the erposure the
temperature fluctuated. betne en 26 and- 29 d.egrees Fahrenheit, rmned.-
lately following their frost erposure the plants were kept aþ a rroom

temperature of approxinately 4s - 50 d.egrees Fahrenheit for three
hours. Thls was to prevent d.anage to the planüs from a üoo rapid.
exposure to roon tenperatures. After belng ex¡posed. to the lnterim
üenperature for three hours, the plants rúere exposed. to room üenper-
ature and' examined.. the exanlnation consisted. of a visual conparl-
so1. of the d'amage to the plants 1n the d.ifferent üreatments. The
pS,arrts r{ere harvested. on February Zllrdo They r{ere then air_d.rled,
ground' in a ll1ley nill and. anaLyzed. for their potasslu¡l and sod.ir.¡¡a

contents.

BO

B. OBSERVATTOI{S:

Foxon Soil

îhe prants growrr on ühe Foxon'soir, d.efinltery wlth_
stood the below freezlng tenperatures betËer than
those gro¡¡n on the peters solL

- Onry one sanpre, a check treatnent, shorr,ed. leaf d.a¡a_

age and. thls lras very slight.
There hras no vlsual d.aroage to any of the other plants.

I.



ïï. Peters Soi-1

The plan'"s l¡ere d.efini-r,eIy clamaged.

The ord.er of d-auage from greaiest to least r.¡as:';
1.' check
2.' 15 ppn sod.iw¡.
3,' 1-00 ppm sod.ii:-':nl+. 15 ppn pota.ssiun
5.' 10'0 pnrl potassiura

(figu-re L0) Here ia|xen aftez' the pla.nts r,¡ere eiiÐosed. to

À discussion of these pho'bographs folloïrs¡

A: The p'l¿¡¡s in pot ï shor,¡ed- less d.a.na.6e -vl1a.vt

those in pot fI. Both pots contained. Feiers
soll but poü ï lnað, a treatment of 100 ppn
sod-1t:s. '¡herea.s pot II r,¡as a ehecic sai!.ple.'

B: The pla.nts ln pot V r^rhlch received. 15 pprn
potassirul r{ere urrinjurecl ¡rheree.s the plants
in pot II, a. checli sarcple, r.rere iirjured..
Boih V a.nd. If contained- leters soil.

C¡ The plants 1n pot IïI were inju-red- slightly
l.ess than'those in poü II. Pot III received.
15 ppn sodiu¡t and. pot If was a checlt trea.i-
ment. Bo'i;h II and. fII l¡ere grol.rn on Peters. soil.

Ð: I'íone of the plants in pot VI nor VIï exhibited.' frost d-arnage. tsoth r'íere gror,.EL on the Foxon
soll. Hor,¡ever, VfI received a LS ppn potas-
slt¡n trea.t¡oent l.¡hile r/I lvas a. check sarrrple.

E: The plants in fV shol.¡ed- no d.a.ma.ge .l¡hile those
ln pot I clid. shor,¡ clama.ge., Both v¡ere groÌ',rn on
Peters soil, but, IV received. a 100 ppn potas-
siun treatment, r.¡hereas I received. a. 100 ppra

. çod.iu:n .trea.tnen';.

F¡ the pla.nts in II shorv-ed. noticeable d.anage; ühose
ln IV d.ld not.i tsoth rrrere groi,rn on Peters so,il.i
Hor.rever, pot IV recelved. a 100 ppn poi;assiu-m
trea.tnent r,rherea.s po"ü fI rtas a. check sarnple.

G: There r,ras very evid.enb d.a;lage to the pla.nts
groi.¡n ln pot fï r,iherea.s there 1,.¡es i,Ìo vidlbLe
d.a.nage to 'bhose groi.rn in pot VI. Tf r,¡as ühe
cl:eck sa-r"nple 610ï',¡11 on petèrs soi ls and vr r,¡asthe check- satnfle gror.m o" ir,u-r;;;"- soil.
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C. RESULTS AIID DTSCUSSTOI'IS

The potassium and. not the chlorid-e appeared. to be respon-

s1ble for increasing the ability of barley to uiithstand- belolr freez-
ing ternperatu-res. This eras concl-ud-ed. frorn ihe fact that the plants

that received- KCI shorved- less d.a.r,re.ge frora frost exposu.re tha.n the ones

lJha.L received- LIa.Cl-. If the chlorld-e was responsible for reducing dan-

àgê, then the plants receiving t{aCl should. have v¡ithstood- the exposure

better than the ones tl'tal received- KCl because molîe chloride nas

applied. as NaCl than e-s IiCl. Also, the fact that the plants on the

Foxon soil su-ffered no d-a^roage fu-rther confirrns thai; the potassium and

not the chlorid.e v¡as responslble for the reduced. d.amage to barley

upon exposure. The Foxon so11, high ln exchangeable potass'ium, resul-
ted. in a high concentretion of pote.ssiun in ühe barley (table 20) and.

hence no difference tia.s ob.u"rruO beiin¡een the check treatnent and- the

other trea.tments after exposureo

I,Iith increa.sing pola.ssium percentages (tab1e 20) r¡¡ithin

the plants, the barlåu *"or- on the Peters so1l shor^red a. notlcea.ble

decrease in frost damage after e)rposure.,i Thus, otl the Peters soiI,
as the potasslun trea.tnent was lncrea.sed-, the percent potassiu-¡n within
the pla.nts r^ras also increa.sed., and comesp.ondingly, d.anage decreased.

In the f1e1d, it l^ras observed. tha1 the d.anage r¡râs rlot as extensive on

barley plants tha.t received. potassium as on those that d.id. not., Sam-

ples taken 1n the field.,sho'¡ed. that the percentage potassium ln the

planls increased r¡ith fertili zatLon (table 2, ir967 d.ata). The plants
gròwn on the Foxon soil were nol nctlceab] y a.ffected. by the exposure

to the belolv freezing tenperature, The ad.d.ition of sodius had. less
effect in reducing danage than did the add-ition of ootasslrrm. It ls
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Treatment

Table 20

Percent PotassÍum I.Iithín the plants
After Frost Exposure

:

Check

15 ppm K

100 ppm K

15 pprn Na

1-00 ppm Na

. Peters
Percentage

K

4,60

!5.7 4

7.20

4.39

1:07

Percentage
Na

L.2L

o)

Foxon
Percentage percentage

KNa

0.7 4

0.49

1. 38

1. 93

6.63

6.77

7 .3L

6.51

6.32

o..24

0.17

0.16

o.32

o.76



not known whether or not the frost reC.uced yield.s beca.use the er.per-

lment r.,rp-..s. oot c]-esigned to stud-y the effect of frost on y1eld"

Tla.r|ey gror,rn on soil s 1ot¡ in exchangeable polassiu-m such
i

as the Peters soil l'r111 nost probabl y su-ff er Ca.nage fron belo',v f-teez-

ing tenperatures sooner anC rno-re extensively tha.n r,rhen groi,m o:'t so1] s

higher in exchangeable potassiuÍr st:.ch as the Foxon soi.l. This cou.ld-

be or¡ercorne to a lar"ge extent by u-se of po-r,assiu.n ferillizer, thereby

bringing the potassiu-n percenta.ge in the pla.nt to.an aC-equate level
r¡¡hez'eby the p1a.nt could- nithstand a nild. frost. Â potassir:-il percent-

ag'e of 6.6 or be'uter in the barle¡' plani r'ril-l itost pro.babl¡r safegua.rd.

the plant fron a light frost elrposrlre. A figure'of 6.6 Ì*Ias arrived-

al by the î¿ct i'lna.t the check on the Foxon soil in this experinent

shorred. no da.mag,e.

Banl*aann IZÐ macl-e sirailar obser.¡atlons r.iith potatoes. He

noted. that pota.toes su-ppI-iecl i,¡1th potassiu-n rr'Ie-re uninJured- a.t te¡lp-

eratures sl1ghtly below freezing while unfertiLiz'ed. potaioes rrere

d-a.maged. Ju-ng and Smiih (22) noted. that the percent survival of alf-

aLîa a.flf,et exposure to freezing tenperatu-res increased. as the _potas-

siun ,¡as lncreased- until a level of 200 pou.nd-s per. acre v¡as rea.checl.

Therefore, the data see:ns to indicate that the add-ltlon of

potassium l-ovrers frost d-a:nage to pLa.nts ejroÌï-n on soils ,¡rhich are lor¡¡

1n excha.ngeable polassium. The ca.u.se of the ba.rJ-ey pla.ntst increased-

abillty to ,;¡lthiland. frost exposu.re a.fter potassiu.n fert iir1ze-tio:n T.Ie.s

not inr¡estigated..
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A. ÐETJB.ì,TTIIIATTO]'] OF TXCI]A\:GEABLÐ POTASSTUT,T }I SOILS

10 . 
gran sanples of ? mm ai r d-ried soil r4rere used-. Uo"

pota.ssium extraction 100 n1 of 1.0 l.I ar:noniun a.cetete acljrr.sted- to
a pFÌ of ? and- contalnlng 2J0 ppm Ll solution were used.. The soil
ancl soluiion r,Iere sha.ken for an hour on a. verti cel shaL<er and. then

filtered. through ¡ÍaI fiLter paper. The potassiu.m d.eternina.tion nas

done on a Ba.ird. Atonic KY2 flane photomeier. fn Greenhouse Experi-
j

ment Ï, 0.011'í CaCL, plu-s 2J0 ppn Li solu-iion and- d-istill-ed. ura.ter plus

2J0 ppn Li solution were also used- as extracting a.gents.

BO ÐET3RI.II\TATTOì'Ï OF 5J{CÌIAI'IG.ÍABLã CALCTU]'Í .A]'iD T'1AG].üESIIN' TIi :I-I]E SOTL

(a) *õroced.ures'foz. erchanseal:l-e Ca*i.fq

, VÏI Æ{AYLiIICAI, PROCEDURTS

5

A urere pLaced.

tllled. r¡rater.

HCI and. 110 ml nonoetha.nola¡aine d.11uted. to
water) , 30 ng KCi{, and. J0 ng hyd-roxylarnine

ad.d.ed. The nixtu-tre i¡Ías titrated. with 0.O1Ì,'l

mI

in

5

of 1¡ 0 i,f amnoniuu aceta.te exüract as d-escrlbed_ in
an Irlenneyer flask and. d.iluted. to J0 nl r.¡1th d.is-

nl of monoethanolamine buffer solu.tion (55 aL conco

chrome tsIa.ck T as an inclicator to d.eternine

(b) Froced.ures for exchanflear_bJe Ca

5 *\ of 1.0 ld ammonlurn a.cela.Ee extract a.s d.escribed. in
A rvere placed. in an Erlenmeye-f flask and. diLuted. to J0 nl v¡ith d.is-

tllLed water. Approxlilately 1 mI of 6t'l l+aO¡i and 4-J drops of calcon
lnd-lcator were ad-d.ed.. the solution liras titraËed- r,r1th 0.01i,Í r,DTA solu-
tion to d.eternine ihe exchangeable calcirLm. '-

1 liter r¡ith d.istilled
hyd.rochloride, Ïrere Ëhen

tÐTA solubion using Erio-
the exchangeable Ca*I;Ig.



( c) Exshangea.þlg j.f$

The amount of exchangea.ble Ì.tg in the sample I'ra.s oblained

d.iffe='ence between the amount of exchangeable Ca*l,Íg ancl the anount

exchangeable Ca.

by

of

C. DETirRi,iTl'iATlOirT OF FOTASSIUT,! Ili pL"At,tT ¡fAllTÐIr

The plai:ü matter saneples r.Iere air d-ried. and. i^rere ground.

in a liile¡' mill. 0.20 grams of plant ma.l-ter Ïrere usecl in the d.eter-
mination. îhe extraction of potassiu-¡l lias Cone with 1.0 i\i a¡n-moniu¡r

a'ceþale solution as d"escribed- in A. The pota.ssirra d.etermination iya.s

d.one on a Ba.ird. Atoni c i(y2 fla.¡oe phoioneter.

D. DETrrrù1iriïÂTToi'i oF soÐruÌ,i ïiT FL-A.i'.îr I,ÏATTÌIR.

The proceC.ure i¡ras the sene a.s that d.escri.bed. for the
d-eterninatron of potassiun in plant natter excepi that the ï{y2 flarae
photoneler Ì'ras set to d.etermine ifa rather LLtan K.

E. DilTERI'ir,riATro:r oF TorAL ifïTp,oGEl,i ïi,I TiïE pl,[fr IîATTER

The iijeldahl--Gu-nning nethod- was used. to d-etez'n:lne the
total nitrogen in the pla.nt inatter. one gram of pJ-ant matter lvas

d-igested. v¡ith 25 nL of concentrated. ¡izso4. After digestion, the
se'nole lvas coo]ed- a.nð- ?00 ia1 of r,'¡e.ter T.,Íere ad-ded.., To this, ZJ mI of
\I^ZSzQj solu-tion 1'Iere ad-d.ecl to conplete the recluction. Then 6O n:.
of 1-1 I'tra.oH plu-: d.istlll-ed- r¡rater solution rr¡as add.ec a.nd the d-iEested-
rnatez'ìe-l- nas d-istilled. into fla.slrs conta.lning ZJ nI of'0.11T äZsO¿t

plus J0 nl of distiLled. lle;Ler. ,A,fter the d.istillation the excess
ärsou wa.s ba.ck iliz'ated- wiüh o,lli lÌaoH solution *sing neth;r] red as
an indi.cator.
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F. DE,TEit_iIi:iÂ,ITOi.I O¡' tJIi DJ: AI,ìD COTTDUCTÏJ.TITY OF T:.i3 SOÏLS

J0 gro.n ="nnfu* of 2 nrn air dried so11 r',rere placed. into
I25 nI .ilr'l.enraeyer f'le.slis. J0 rnl o,f distil-Led. lre.tey' were ad,d.ed-. îhe

soil- and. l'¡ater.:nixtu.r"e was shaken for J0 ninu.tes on Ð. vertice.l
sha.lte:c. The cond.uctivitl, of the sciL su.snension rrrâ.s Cirectl¡r rea.d.

u-sing a llad-ioneier c.ond-uc',,ivity neter t;rpe cÐi;i2d.. The pä of the

soil suspensiorl r.,.res d-eterninecl ,,rith a. Becknan Ze-tomatic plì neter.

G. Dc,-ITitl,lflTATïOiI 01.' i'rTO,,-lf I:r: 1jI4 SOIL

!2.5 ETa.n "l^pf"* of 2 ff!. oven d-ried. soil !.rere r.veighecì.

lnto shaiiing bottlcs. j0 nl of nitz'aie extracting sol-u.iion (con-

slstLng of 2.J g cuso4'Sr.izo and 6 g A3r"3o4 d-ih:.ted- to 1 liter r.¡lth

d-ist1-l-1ed- iqater) -l,iere ad-d.ed..' The soil and. solution r/rere shaken for
10 rninutes oì1 a vertical sha.lrer. 0.16 g of Ca(Oä), r^rere a.d-d-ed. a.nd-

the so1l and. solu-tioi: l.nre?e shaken for 5 minutes. 0.5 s of I,f sco, were

added and- the soil- e.nd solu-"ion i,,¡ere sha.l:en foy an ad-Cltional I J nin-
utes. The soil and. soluiion were then filtereC. throu-gh i-¿1 fllter
paper into d.ry flaslis. 2J nL of the filtered solu.tion were pipetted.

i-nto a J0 nI beaker a.nd. eva.poratecl to C.r¡rness on a frot pfa.te. Z ml

of.phenoldisulphonic acid- (75 s phenol per 675 mt conc. sulfuric
a.cid.) '.^¡ere ad-C-ed. to the J0 nI bee.ker ancl t-hen the bealer T,ias rota.ted

untiL the Cried. resid.ue l¡as ¡nleü r.¡ith acid. The r,¡et resid-ue was

allov.red to sian-d. for L0 ¡ninutes and. then it iras d.il-uled. 'rrith 2J nL

of d.ist1Lled. t'¡a.ter. 'r,¡hen the resid.ir.e r¡as dissolved-, it r.ras uiashed

lnto 100 ml volu:netric flasks. Then l--1 \rïqOii pIu.s distllled. ,¡ater

iC-rre in. the fLasl< u-nti1 a, per-
manent yellow colour d_eveloped. The ye].lo.t¡ solution r,ras nad.e up to'
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the 100 ml .volume l,¡ith d-istiIled. water and. the col,our inienslty r'ra.s

rea.d at a ¡ravelength of L.it| m ¡r u-sing srnal-l Colerna.n cuvettes.

H. DET]IR¡'IIXIATTOiTT OF P}IOSF;IOROUS Ti'T TJ]E SOTL (OT,SST'T'S ÎiAiiCO3 I.IIÍITHOD)

5.0 gram samples oî 2 mm air d.ried. soil samples Ïrere

plaeed. in shaxer botiles. l-00 ml of 0.5 i'T I{at{CO, extraciing solu.tïon

adju-sted. to pïi B. J and a. tea.spoon of preüreatecl acblvated. charcoal

were ad.d-ed. to the bottles. The soil and solu.tion l,rere shaken ot1 a

verüical shaker for J0 minutes 
".,'rà 

fittered. through #1 filter Þaper.

J0 nI of the filtered- sol utlon rrere transferred. to a 100 n1 volumeirlc

flask. 5 ml of conc. IiCl T.Iere a.d.d.ed" slor^ily, 20 ¡r1 of arnmoniura nolyb-

d.a.te-i{C1 soluLlon (15 I (iiltl,)Ui:io.4nro ano.400 m} 10.0 i{ i{cl d.iluted.

to 1 liter ivith d.istil-led rvater) were ad.d.ed., Then_ 10 nl of SnC1,

solu.tion (0.þ g snclr'z-i.zo a.nd. 1nl concr äcl per JJz nr d.ist1lled
water) rvere a.d.d.ed. t.o the flaslt. The fla.sk v¡as sha.ken and. the solu-

lüion was diluted. üo voltxne. The colour intensity was d.elernined. on

a Spectronic 20 coLorinetey a.E a wavelength of 60 m¡t.

I. DETEBI,ÎI}IA.ÎIOI'I OF TIiÐ PERCEi'IT CA¡CïUI,{ CARBOì'f¡.TE fl\T Ti-i5 SOïL

A one graín soil sample was digested. in 10ø HCl for 10

minutes. The COZ evolved l'ras sucked. through a drying and. adsorptlon

train, then absorbed by Ascarite. The lleight of QQ, absorbed. rvas

deternined- and. erpresse percent CaCQ, equiva.lent,
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:965 a-.rrd :1966 fiel-cl resu.lts (t8, 41,,) ind-icated- a lr'heat

and. barlei¡ res-conse to poia.ssìrrn feriillzaiiorl. on cal-ca.reoris soils

having a.n excrre.ngea.ir] e potasslun l-evel consicl-ered. aCrequale for c€-r-

ea.1 gror.;1,h. llorr'ever on acid-lc so1ls al-so ha.ving ::elatively high

e>lchairgea-ble pota-ssirun levels, r+hea.t and barley d.1d- not respond. to

potassiuin fertilization. -4.1thou.gh the responses on' ihe cal-cereous

so1ls r,rere not sia.tistica.l]). significánt, the¡r d.icl su.ggest that a-

profita.ble respoirse coul-d- be obtained. blr appl¡'ing pota.ssiwn f ertil i-

zer to cereal crops grorrn on caircateou-s soil s for r,rhich present Iecon-

mendations d.o not ad-vise Þota.ssiuri:. application.

Therefore field- experinenis r'¡ere cond-u.ctecl- i.n 1967 and.

196B on calcareotr.s so1ls ',.¡ith exchangea.ble potâssit::r leve1s rrhich

ranged. fron J0 to ltl-þ p:on to d.etermi.ne the effect of potassiun fer-

tili zal.lon on cez'eal grolrth. The restil-ts of ihese experiaents '¡rere

rel-a.ted. to existing soil test recorarnendatlons l¡ith the objectlve of

confin'rring o? impror.ing existlng soil- test recor.ìnend.ailons for the

grorrih of ceïea.ls. The effect of pota.ssiuro fertili zat lron on potas-

siu:a concentraiion, pota.ssiun u.ptake and. yleld. of plant me.t?eï a.t

early stages of cerea'ì gror.rbh was lnvestiEe,-ted.. The effeci of the

excha.nge aliLe Ca./li a.nd- Ca+|,1g/íi railo of the soil al seed-ing on yield

a.nd. potassiun upteiie by cerea.Ls lra.s e.iso investi¿rated-. In a. green-

house. ex-oeiinent, the effect of potassiu¡r ferùilizalion on ba.rley

grorrn on soil s va.r¡,lng in leve}s of excha.ngeabl-e pota.ssiu:'r, pIì and.

percent CaCO" r,ias stu-d.ied-. In a correlation sürr.c1y, the exchangeable
J

potassium levels as nea.sured. b¡,' three 'ô:ctracling agents Ìrere coä:parecÌ-
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:

to d.eter:nine .,.rhich r,¡as tros! stron$l-y correlaüed. to Ì:a.rley ¡rield-s. A

second- sreenhouse experinent 
"'ras 

cond'u-cted- to stud')¡ the effecfiveness

of pota.sslrr.n fertili ze.-vion in red.rr-cing frosi d.anage to barley seecllings.

Ba.rle¡, plant natter sarirplings in the field" trlal-s a.l !Il',

ZL, and- 28 C-a;rs and. fiíth leaf ste.ge of grol';th ind-icated. tkrat'the

application of potassiu-na fertilizer genera.ll¡. lncreased yield., pota.s-

sirrrir u-pta."ke and- pota.sslun concentration ln bhe planis d-uring ea.='l¡r

gro,*'th on a.11 soiLs. k'heat and. oat plant matter sa:ap11ngs a.t 2I ancl

2B clays ancl fifth leaf stage of groitth lnclicated. -nat poiassir-rn fer-

tilizatiott generall;r increased- ),'1elcl, pota.ssiu:a u.ptaTe and- poiassiu¡1.

concenïr e-viotr d-uring the ea.rly gror.,ith on soil s lrith a.n excinangea.ble

pola.ssiqn level of 126 ppn o-r less. Generall¡r f1na.1 oat and. barle¡r

graln )¡ie'l d.s 1¡rere siGniflcantl;', .05 level, correlated. to the pota-s-

s1u.,n concenüration at these ea.rly gro',uth sta.ges. For r'lhea't, no s1g-

niflca.nt coz'relation r.ras evid.ent, These resu.lts su.SEest f)ne.i pota-s-

sirrn coRceniration ln earl¡- ba.rl e)' a.nd. oe.'b gror'¡th ni.tht tta.ve bearing

on fina.l )¡ield.s.

The po-i,a.ssi-rur reconnend-atlon (42) d-oes noi ad-.¡lse the

appl.ica.t1on of potasslun fertili zer fot cereal groi'rtir on soils having

more than 84 ppn exchangeable pota.ssiu'n. Fina.l barley grain yield.s

shor¡ed. res,Ðonses to one or ulore of ühe pota.ssituo iv'eatnents on 9 of

the 10 soils stu.d.1ed.; no responses occti?red. on tire soiL r'¡ith 68 ppn

excþanrgeable potassiun. t'hese rresponses aithoügÌi usuaLly statis-r,ical-Ly

non-significe.nt, ,05 1evel, lr'€re substentiaL, 2 bushels or more per

acre. Thelefore, ihese results sug,gest tlnat barley ruight z'espond- to

potasslu-n fertilization on soils having excha.ngea.ble pota.ssirn level-s .

greaier than Bll ppn. îlhea.t shorved- signlficani-, .0J 1evel, responses

-,
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to potassium fe:riiliza"tion on all soils iuhich had. 84 pþn or l-ess

excha.ngea'rrl-e pota.ssiu.ia bu-i oir.e; no res;oonse Ì\ras evicl-ent on the soil
which ha.d- 68 ppm exchangeaìrle poiassiurn . OaEs shol',red. bo-r,h signifi-

:

ca.nf , .05 level, and- substa.n'i:ial., J bu.shels or aore per acre, respon-

ses on all- so11s r,¡Lrich had. 84 pllm or Less exchangea.bl-e potassiu:1.

Both r,r-hea.t a.nd oats showed. sone subste.ni i a.!, J bushels or nore per

a"cre¡ rêstfolls€s to oota.ssi-uur fer-i;il-i zai|¿on on soils l¡ith exchangea.ble

potassirun leve1s as high e.s 414 Þgro, but no consista.nt a.ncl unifonr
pattern of response uas evid.ent a.L these higher levels of exchange-

able potass.lun. ?herefore these results su-pþor'ú the potassi run recom-

mencla.'ulon lvhich ad-vises the appllcailon of potasçium íeri1l1 zet tor
EroBrth of Itheat and oats on soil-s having BIt pprn or less of excha.ngeable

potassitrrr.

t'li'Ûh ba.tLey, potassiurn ferl LJ,iza1íon geilerally increased.

poia.ssiurl u.ptal<e 
_on soil-s with 4Lll ppn or less of excha.ngea.b'ì e poi-

assiru:r, t'litir oa.is, oÌ'r soils r'.¡ith 3&1 ppn or less of excha.ngea.ble pot-
assiraar'and-'¡ith r'iheat,'oi'l soLls r,¡ith 102 pp:a or less of e:ccha.ngeab'te

potassilr:u. Thìs itas of inte'r.est beca.use potassiu:l upia-¡e by i...rhee.t,

oats anol. ba.-:rl-e-¡ a-u ile.rr¡est i,ie.s found to be significenil_y, .05 leve1,
correl-ated- wlt?: fina.]- gralrn ancl total y1eld-s.

, For the thz'ee cerea.l-s potassiua and- nit,ro,ge.r't upt:r.ke at
fina.l harvest r.rere folrnd. to be sig_nifica.aLl-:rr, .05 'ìevel, eoz,relaiecl.

Since poia.ssiu:n upte.ke rta.s significantl¡,' co-related- with ceree.j- yiel-d.s,

and. nitrogen u1:talie l,'as sig;nificantl-i! co::rela"ted- rrith pota.ssiu:-r:l upta.ke,

one can.r:ostule.ie ihat if nitrogen T'¡as a Li, .i-i,ing factot tb.en e. :

resÐollse to poia.ssiun feriilizaiion rlight not ina.ïez.i-a.'tize. If sor

thls itould- be especia.lly iru.e of soils alread-y hi.gh 1n evail-a.bLe potas-
sir]-r': because there nigi'rt not be =u-ffi.cient aCcl.itional niirogen to bring

93



abou--r, a respoÌrse in --ror¡th if poiassium ferti-l-lzer r,.¡ere ad-d.ed-"

The e>:changeable Ca./K ancl- Ca'þl'i g/Ií raiLos in the soll at

seed-ing ha"d. bea.ri:rg on i;he grornith, of these f;hree cerea.ls beca.use

these ra.tlos l.rere significa.::.'i;l;;, .05 leve], nega.tivel,v correlated

to potassiun i:.pialçe by r+Ìreai, o.a.ts a.nð- be:tley; to barley g:¡'aiir yielcì.,

to irarley tota.I ),iel-rj.s and- to wìrea.L Eraj-n ¡r1e1-d.s at'fina.l harvest.

Fron ihese results one can posüu1a.te the.L if poba.ssiun ferì;lLizer
reciu-ced- the exchangeairle ea/"¡ and- Ca*i::g/Ii ra.tios in the soil, ùhen

yielcls of rqhea.t ancl be.rley rnight lnc::ease 'vrith potassir::n fert LILze.-

t1on.

fn a greeirhouse ex;oerineirt, sta.tlsùicall-)' sigi:ificant,
.'05 1evel, 'baz"ley yield. increases to potassiu-n ferülLizaLion l,iez.e

found- on soils ¡"¡1th 6ll ppn or' Less of excltangeai¡l-e potassiu:,1 and. sub-

stantial increases I.rere realJ-zeð- oi: soils having 101 a.ircl 102 ppn

excirangeable potassiuria. Potassiun fertilizai';ion d-id. not, r,r1ih one

exception, su-bste.ntia.lLy increa.se barley yiel-d.s oir soils having

highe:' levels of exchangea.ble potassirrno t-he soil-s 1n this exilerinent

va-ried- in pi{ a.nd- percent CaCO" as r¡ell a.s levels of exchangreaìrle pot-)
assiu.il. fn the raain, tÌrese resu.lts, if appLied. Lo f1eId condltions,
support ihe potassi rtn recoamenclation for the gror,ith of barlei, e.l thou-gh

ühey d.o su.ggest Lha.t a. substanliaL lncree.se rnighi be a¡t,ajned. r,¡iüh

potassir:n fertiliza'ulon on soil s iaving np to 102 p-on excha.ngeable

potassiu:1. Ivt this greenircu-se e:<perinent also, potassiul u.pta.ire a.nd.

potassiqn concentration 1n the plant ne.tier r.¡e?e foltrd. to increa.se

rilth potasslu-rn fertiliza.tion. Potassiu¡r uptalce and. potassiur¡ concen-

tratlon ln Ëhe' plarrt matter i.rere signiflcairtly , .O5Ievel, correlated.
to final l¡ar1ey yields.

9t+



' ïn a' con:oarisoi: of three extracting agents; l.Ol.i altu-oon-

lun acete.te, 0.01ï,i co.Çr, aircl d.is'bi1l-ed. r¡ater, barley yields in the
greenllou.se experimen'|, r,¡ere nost s-brongly correla-ted. to a.vailab1 e

potasslrur ler¡els as ind.icated- by a.milonirun acetate ex'bractlon. There-

fore, if field. yield.s d.o not reJ-a.t,e l¡elI to exchangea.ble po'casslu-n as

measured. l'¡ith aranoniu:r acetate, other factors such a.s noisl,ure¡ Tooi-
ing clepth, a¡nount of excha.ngeable poiassium in the sub soil, eüc.,
rnay be ol:era.tive,

, A, second. greenhorise experlnent ind.ica.ted. thai ba.rley

seed.lings .groi'¡n on soiLs r'¡1lh hlgh excl:angeable potassiun 1evels,
210 ppn, have greater fros'r; reslstance than those groi¡n on soils r,¡ith

Iot'r levels of e:icha-ngeable potassirrn, 6? þpilto TIte cìarnage to the
p] an'us r'las redl-rced. lvhen the potassiuu concentra';ion 1n the plant mai-

ter rvas increased. r'rith pota.sslu:n f ertili zaïlon.

0vera11 ihese resulls su-ppoz'i present potasslurn r€coilrûer1-

d.atiotrs for the g'rortth of rvheat a:rd- oats. ilol.rever, they lnd.icate tha'c

barley nighi respond- to potassin¡a application on soils lvlth higher
leve] s of excha.ngeable poüassiuil than present recomnencia-r,ions inclicate.

t.

'
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Nltrate Levels of the Solls Used. ln the 1967 and
1968 Field Experiments (p.p.m. )
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