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AtsSTRÄCT

The aim of thÍs investigation was to siudy the eÍfect
of nitrogen forms and -rclacements of nitrogen and potassiiln

upon yield, potassiun content and potassii;rn uptake by oats

and barley.

Generally, where potassir-un rvas applied, the ammoniu-m

sulfate carrier gave the highest yields for both crops on

the calcareous soils lvhile ihe ammonium nitrate resul-tecl

in the largest yields on the non-calcareous soil. For the

treatrnents v¡ifhout potassì-um, the nitric acio forn gave the

lol^¡est yields for bofh crops on both the cal-careous and non-

calcareous soils. Placing potassiu¡r separately at the soil
surface gave the l-otn¡est yields as well as ilr.e lowest response

to potassium fertilizabion for a.ll soiIs.
itïitrogen and potassir..nn contents of barley generally

exceedecì those of oats for comparable treatments. Placernent

of potassir¡rn at the surface invariably resulted in the lov¡est

n¡J¡¡^--i"* ^-^ +1^^ ì,.; ^'L.^^J-pouassr-ulri arrq Lne nr-gnesc ni-trogen contenis of barley regardless

of soil used. For the potassiurn treatments largest ni-trogen

contents for oats and lor,.¡est for l:a-rley rìIere ob|ained u¡iih the

sodiuni nitrate forrn. The nitrogen contenf of i:arley vüas

highest v¡ith use of the niiric acid forrn.

l,'íiih potassium application on the cal-careous soils 1"he

sodilim nitrate source gave the lolçest potassium uptake tr-here-

as the amrnonium sulfate gave the larges! of all ni'cro¡;en forms
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used" The ammonium ni-trate geve -.,he largest potassium uir-

iake for l¡ar1ey on the non-calcareous soil. Placement

of potassj-um at the surface gave lo-t'ter potassil-.un uptake

than placement below ihe seed. Ë,egardless of crop groïirl

np qn'í'ì ,rqarl íor all nitrogen forms, niiric aCid gave the

least variaiion in plant rrraterial yields, nitrogeu content

and upiake and poiassiun uptake with irlacernent l''hereas the

arnrnoniun sulfaie generally gave +.he rnos'ü.

Phosphorus, calcium and rnagnesium contents i^Iere

generally larger for ba::Iey than for oats. For contparable

treatments phosphorus content of barley was larger lrhile

calciurn and magnesiurn conients I''üere less on the calcareous

than on the non-calcareous soil" The sodium ni-trate forär

gave the highest phosphorus and the l-or^¡est ca.lcii.u¡r and

nagnesium contents for all nitrogen forms used. For both

soils v'rith barley, higher calcir-un and sodium contents l¡iere

obtained ivith the nitric acid tha.n wiih the arnmonium sulfate

form for the potassiurn treatmenbs. idagnesiurn contenis follolved

no consistent trend lvith ni-trogen form for either crop or

soit. -Ln all cases placeraent of pocassiuin at the surface

resulied in -r,he largest phosphorus, sod.j-rxrr, calciur¡t and

magnesiurn conf ents "

For soils cropped to barley, placing nitrogen at the

surface resulted in least fixation of potassj-um but gave the

larger amount of f j-xation íor soil cropped r,o oais. lu'Il:len

ernnl ovefl - nl a¡arnanl- nf nn'rn5gi1¡¡1 at the SUffaCe gaVe theç¡¡IyavJ vs t ì/4svv¡rrv¡Áv v¡
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largest potassium fixation for all nitrogen forms and

soil-s, uncier boih cropoed anci incubated condiiions. For the

incul¡ated soils, the nitric acid- f orm fixed rrlore potassium
''-:-i: ì.r':than did the arunoni-um sulfate forrn. Ïhis lvas generally also ii..:::L:

true for the cropoed soils.

For the potassium treairnents for all soils re,':ard'j ess

^+' 
- 1 n an-¡¡nnJ- {-l^^ -;1----l ^ ^ ^.:,1 -¡:ì^--* l^\r! rvro.uElr1yrr,, bhe niiric acid- form gave higher 0a:K and N:1(

ratios ihan did amrnoni-rmr sulfa[e for both croi]s. The sodium

niirate form, v,rhen ernpJ-o¡rsfl, gave higher ll:K and lor,rer Ca:i(

raiios thau any oiher nitrogen íorm. Placenient of ¡:obassii.rn

at the surface gave the largest Ca:K and ii:K ratios for a.ll

soils, For bobh crops and for al-l scils, placing nit,rogen

ai the surface gave lor,¡er i'J:ii, ratios than clid 1:lacei:rent of

nitrogen below the seed.
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INTP,ODUCTTON

Potassium is one of the essential elernents in plant

nutrition, It plays a role in both carbohydrate and nitrogen
': .- I -:.:.: : r.: : i:

Ì:.Ì metabolism. Specifically, potassium catalyses transphosphory- '::1,',r:,-'.:

lation reactions and reactions cukninating in the cou;oling of

amino acids to form peptides and eventually proteins.
.i.-i..:: 

:.','., T'iork d.one on the assessment of the potassium status ".',"'',',','-'''' _: .:..

,..., of i{anitoba soils and potassir.m requirements and uptake by 
,.,,,r:,,.,,''';:

cereal crops has recently been intensified. Lately it has

beenestimated.thatoversixhund.red.thousandacreSofatotaI
l

, of twelve million cultivated acres in i''ianitoba 'may respond
i. i profitably to potassium fertilization of cereal crops. These

I potassium responsive soils are invariabLy coarse textured and/or 
i

'':, falrly calcareous in nature.r ""

A greenhouse pot experi-ment with oats and barley was

conducted on an Almasippi fine sandy loam at the University
2 -- . ..i,,.,'..'. of i/ianitoba in L965.t Using a blanlcet application of poiassi-um :1.,;.:'.,

.:1 :ìr::;.-lr.'.:::

,,,., and. increasing raies of ni-trogen and phosphorus applications 2 ,.,¡...,,;.
'.....:. 

^ 
,,t-t,'rt-"."': Gould2 found. that for any one level of phosphorus, the potas- :;': ::

siumcontenti.ncreasedwithincreasingratesofnitrogenfor
barley. For oats, increases in potassium contenb with increas-

'-.: "...".

.i,' ing nitrogen rates r/ìrere observed only ai the higher phosphorus |-',-1..' ; .

leveIs.

1o UnpubLished data, iJepariment of Soil- Science, U'niversity
of }rlani-toba.

2. Goul-d., E.lul. {L965 ) B. S.Ä. thesis , University of l'ianitoba.



A second greenhouse experiment r'ras conduc'i,ed on a sirnilar

soil, j-ne., Ä,lmasippi fine sa.ndy loain, at the lJníversity of

I'Ia-nitoba, 'bo ínves-t,igate the effect of increasi-ng poiassium

rates on the potassiwn content and upiake of barley fertilized

r.,rith one level of nitrogen and phosOhorlls.t ,4. variation of

nitrogen placerient r,lras also ern;oloyed ai ihe highes't potassiui'n

Ievel. it was found that v¡hile potassirirn content of ìrarley

increasecl i,vith increa.sing potassiuür, n'i trogen content remained

fairly constant. A slight j-ncrea.se in yield with a sharp

depression in both nitrogen aird potassir.rn contents of barley

Ìias ncted r¡ith ihe nitrogen ptaced setlarately fror,l -uhe ¡rotas-

sri ilr¡ sollrce - i a ni .l-r¡ -on Oanded at -t,he SU1.fâ.Ce 
"Ð!UJlt ÐvUrIUEg !.Çc, ITTUJvLIEI

tltlra Tlilr- ^ô^ ^F f l-'^ ì '-.-^-,'-'"'^"-+ j ^n ^'^'L^^l ì^^-^i-n ihere-r-*- pO:jt) OI UIle -!-I1V eU UIë)d'l.rIl,1I .jJr vÐt;IItrçLr ir.;t Ç

'înre - r1râsì -hn îrrri-.har- q1-.rrrl r¡ ihe eííeCt Of :! U'I ç 7 .:4.þ uv r ur rrrlu!

I) varj-ous nitrogen-poiassium placerrrents Llpon i¡ieldr
-na*.,r ^-.i ,,- ^^n.l-nnl- -'.^ nn.l- ¡ õ^+ '."- ,'n1-q]'n '¡-" 

^-1- - --,'l J.-r.l or¡pOI'aSSl_ulíl COIIUeIIU alILt ÀUU Uc!:i¡iIUlrI tljrUd.rlv u)' ud.uÞ cLrt\r- rJar. !vJ ,

2) diff erent forms of nitrogen on potta-ssíum content,

potassj-um uptake and pl¿ni rraterial yields of oats and barley

^ -.túf¿u.

3) differeni nitrogen forirrs anci. nitrogen-potassiuiß place-

nenis upon the soil potassiun balance, b;' aLn incuba'¿ion llro-

cedure.

n. Unpublished data, Department of Soil- Science, University
of Manitobe.



LTTERÀTURE R.sVfEi'.f

A. ion Uptake I'lechanisms

lduch rvork r,uithj-n the past few years has been dírected

toi',¡ards elucidaùion of the rneckranics of ion uptake by plants.

The theories put forth har¡e generally been largely hypcthetic-

aI and fail to consider and to explain all aspects of the ion

uptake and trarrsport mechanisrns of plants.

Í'ried and Shapíro (eO¡ divided ion uptake by plants

frorn a soil slrstem into four steps, each of the transf er

of anc in-'n'l 'r¡i -^ hnr-1-' øoJ-a COnStantS and COnCentfatj-OnS. TheÞuçPÈ, r¿rvurvJr¿È; Lr\,,u¡r rGL,E \

c1'âñC TÁrÉ¡7'¿: '

l" release of the ion from the solid phase into the

soil soluiion

?. rnovement of the ion from any point in the soil- so-

lution to the vicinitY of the root.

3. movement of the ion írom the vicinit¡r of the root

into the root.

l+. movement of the ion to tl're top of the plani.

The authors suggested that the replenislunent of the solution

ion at the soluiion-root interface may talce place either by

simple d.iffusion through the tiquid phase or blr bulk move-

ment a.long v.¡ith the water. Both active and passive processes

d.escribe the entry of ions into the root. The passive process

involved is diffusion and if diffusion were rate limiting,

ion uptake should. be directly proportlonal to concentration.



AcËive entry i-s suggested by the rapiditrrr of response to the

outside sol-ution by the accumulating rnechanism of the root.

A divisi_on of mod-es of ion uptake i-nto two main, dif-

ferent rnechanisrris was mad.e by Epstein (f8) . These vrere:

f . Passive Ion luiovernents-

a) cation excha-nge - there is

as cation exchangers and exhibit the

affinities common in such sysiems.

evidence that roois act

lyotropic series of

b) diffusioir - ions ;oermeate the rappareni free spacel

in a reversible and" non-metabolic process and tend to be in

equilíbrium v,¡ith ions of the same ionic species in the ex-

ternal solu'bion.

2. Acti-ve Transporf

This theory involves the use of carriers vrhieh corl-

plex with the ions príor to perrneation of the root nembrane.

Ionic I anõagonisrnr would thus involve ions recognized as being

similar in chemical behavíour to act as meLabolic analogs in

the absorption process and to compete for identical sites on

the carriers effectively acti-ve in transporb.

0onsiderable coniroversy exists as to the mode of func-

tion of ion carriers and their importance in explaining ion

selecbivity in uptake by plants. Epstein ancl Hagen (19) ex-

plained sel-ectivity of ion uptake on the basis of the exist-

ence of separate types of carrier molecules for each ion or

c¡F.ìr'rîr of iôïr.q. On the other hand, Sutcliffe (fZ) explains
6¿v4y v¿



selectivity of ion rLptake as a single bype of carrier capable

of transporting all or a number of ions but exhibiting dis-

tinct preferences vrhen a choice is available.

Tvuo factors to consider i-n regard to potassium nutri-

tion in soil are rnain-tained. by Smith and I'latthe',vs (50) as

being: a) i-ntensit¡r of ;ootassium in the soll, i.e. the ex-

changeable potassium level v¡hich determines the concentration

of potassium in the soil solution, and; b) the potassium

supplying power, i.e. the amount and rate of release of non-

exchangeable potas sitxrt.

Loehwing, as cited. by (26\ reported thab early potassium

absorption is generally in excess of current needs if the

potassiurn concentrati-on in the substrate is adequate. Luxury

consumption during this period is usually follot^red by trans-

l-ocation of potassium in later stages of grov'rbh.

V'iilliams (58) found that the potassium content of barley

tcps increased with i-ncreasing concentration of poiasslum

in the nutrient medium.

Plants gror^rn. in a potassium concentration of 50 ppm

absorbed. more potassium than plants grown ai lower concenfra-

tion. Plants gro\^In at the lOrver concentrations, however,

lvere able to produce greater grovrth per unit of poNassium

absorbed than t\rere the plants grotrrn at higher concentrabiol1s.

Crop plants d.iffer in their ability to take up potassium

from potassiixn fixing soil-s. X,slander (6) reported a marked

difference in thís respect betl^¡een oats and barley as r,vell



as bebr^Ieen various strains of barley.

La-o¿ton and took (26) sta.te that barley requÍres a high-

er level of potassirxir than wheat or oats. Ðrake and Scarseth

(1e) working rvith a Crosby silty loam of pli 6.2, base ex-

change capacity of 9.4 me per 100 gin of air dried soil and

i^¡ith O-267 c"rn Of eXchanoeai^rn na{-'"j"m nnø nnl- f^"-{ thatVVI LrlJ. \) o é-\) / $1ll vr vÃvllq¡¡óvq ^JJç IJ(J Ud.ÐÐIL,{.tlL y\t! yV U , I \.J L¿Il\

barley toolc up almost as much potassii.un as is hel.d in the

exchangeable form lthile oats could not obtain over one half

of the potassiun held in the exchangeable form.

B. Placement EfÍecbs.

lrlcVickar, Bridger and i'trelson (3i+) sta'ùe tha-t potassium

placenient shotn¡s greatest advantage lvhen soils are high potas-

s j-r;¡u fixers and vrhen l-olv rates of potassJ-uin are ai:plied. 'l'Ihen

soils fix very litile potassir'r.rn and r¡hen higii rates of fertili-

zation are used, banded and- 'oroadcast placement of potassium

give ec¿ual responses in crop yield.

Three exiteriments were conducted by i'n'elch et al. (56)

in lllinois to deterrnine the relative efficiency of broad-

cast versus banded potassium for corn. They suggested that

broadcast potassium riìa]r not be as effici eni as Ì:ancled pcias-

sium because of a difference in chenical andfor positional

a.vailab j-lity betvreen ihe tlvo placement üiethods " tl:e:r,ical

unavailability refers to the fixation of potassiixl; fixation

being enhanced by broadcast a.irplication of poiassir.un. Posi-

tional- unavaj-labilit1- refers to the placer'reni of potassium



in soil zones noi permeaied by corn roots, ås is again the

case in the broadcast placen:eni" 'Ihis positional u.navailabil-ity

is i:ela'i;ed to the \rery slor'¿ o.iffusion of po'cassium in the soiI.

irork done in FiollanC by Prumrnel (42) ind.ica-ies phos-

phorus and potassir;rrr fertilizers a.pplied 1n bands near -uhe

seed to be niore effeciive than broadcast a-pplication" The

auihor attributed the rather srflall upiake oí i:rradcast phos-

phorus and potassiurrr io fixation; a loca.Lized concentration

of fertilizer reduces fixation to a minirnum and will there-

fore have a favourable infl-uence on uptake.

C. tüitrogen Forrns and their Influence on I'tutrient Uptake

pirschle, âs cited by(4f) grew a variety of agricultur-

ally important plants in flovring culture solutions at various

pH levels and found that with all plants except ricer con-

siderably less potassh:rn was adsorbed trhen arûaoniulri sal-ts were

used as the nitrogen source. This was especially true at the

higher pH values where the arnmonj-um fertilizecl plants frequent-

ly contaíned. only half as rnuch potassium as the nì trate fer-

iilized plants.

Exchangeable bases ri\iere removed from a sandy soil by

a percolation procedure and potassium, dodiumr rnagnesílun,

calcium in varying ratios were substj-tuted by van Itallie l5l+) .

Oats were grotniïI on the treabed soil using both ammoniu¡r and

nitrate forms as nitrogen sources. The author found that the

groups receiving nitrate ah.,rays produced be.üter plant grolvth



than those receivi-ng ammonium. He also frequently found that

undrer nitrate fertilization, norrtlal heatthy plants resulted

with the same caleium and magnesium content as plants fertili zed

with anuronium, but the ar¡monium treated plants produced syrnp-

toms of magnesium deficiency and sometimes calci-urn cieficiency.

Van ltaltie hypothesized that when the anüilonlum is talcen up,

the plants require more calcium and magnesium as protectlon

aga.inst a strong hydrogen ion invasion which does not occur

with the nitrate source.

The influence of forrn and rnode of nitrogen fertilizer

application on the availabitity of soil and feriilizer potas-

sium to oats was studied. by Acquaye and. Nlac]Jean (I) " They

found. that ammonium applied alone or tr,vo weeks after aci.dition

of potassÍurn, the two week interval oeing a storage peri-od

with the soil held at 25 percent moisture holding capacity

and. then allowed. to rj.ry prior to addition of am¡nonium, depressed

the upiake of potassium by oats grown in a sand.y loarn in the

greenhouse. Hor,vever, lvhen ammonium was added first and

potassi-un two weeks later at seeding, the ammonium j-ncreased

potassi-um uptake. fn the absence of potassium fertilizer,

arnmoniu¡n reduced. the release of non-excha4geable potassil-m

to the plants. ltlhen add.eC prior to or at ihe same time as

poiassíum at seed.ing, ammonium reduced potassium fixation.

Nielsen and Cururingham as cited by (1) grew ryegrass with

nitrogen applied in both the anmonium and nitrate forms.

They attributed the superiority in yield v'¡ith the arnrnonium



forn to better root distribuiion throughout the soil"
Tn a greeirhouse experimeni, Axley and Legg (7) added

f00 pprn nitrogen to each of ihree soils as ammonium sulfate or

sodium nitrate u¡ith or r¡¡j-tl:ou-t I00 ppm poiassium as potassiun

sulfate. Two crops, oats and corn, Ì,'íere gror'\,Tì in successj-on.

iurhere no potassium additions 'hrere rnade, nitrogen uptake frorr

the sodium ni-trate source was found to be significantly great-

er than from the arunonium sulfate source" The difference bras

explained on the basis of sodium substj-tution for potassium

when no potassium vras applied to the soil.

Tv,ro of the soils v,,-hich possessed appreciable fixation

. capacities showed pronounced significant differences in ni-
I

trogen uptake between the sodium nitrate and -r,he a-mrnonium

'' sulfate upon potassium applicaiion; t'he sociium nitrate being

superior. For ',"he third soil- with ihe negligible fi-xa.ij-on

ÌCapacibynitrogenuptakevalues}¡eresimi1a.rforbothsodium

nitrate and ammonium sulfate when potassiurn was added. .
. t .: ,.. 

., 
. . :.. :. t...

I: :'.:. ...,-':.ì.:
:.:-l .. 1-. j....: .:. : : -.The authors concluded that þhe amount of potassi-um re- :1r:'1:'::::.

,, quired to reduce significantly nitr.ogen upiake by plants de-

pends upon the ammoniurn fixation capacity and the initial

potasslurn status of the soil. Previous work suggests that

:, the effect oÍ potassium inbloctcing nitrogen entry into the

plant is ;orimarily responsible for the redlrced nitrogen uptake

, in ihe presence of excess potassium.

By fertilizing a sandy loam and a very fine sandy loam
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Ì,¡1th urea, soditm nitrate and atnrrroníurä sulíate, Pearson (iA)

found. Nhat the use of physiologically acid nitrogen sources

c"reptlv inereased d-ownr^¡ard potassi-run movelnent. Á.dditions of

lime in a-mounts reciuired to neuf::alize -t,he ec,uiva.leni; acidity

red-uced ihe arnount of potassium leached. by nearly fifty per-

cent. He therefore concluded that there lvere no appreciable

differences beti,rreen nitrogen sources v¡ith respec,u to leaching

nror¡i dins' thef. ihrrr¡ rrrêl-ê,.-endererì nlrvsi oloøi caI Iv net:ifal.
IvM Àg!!¿5 Valq V V¡lvJ l!vI V I U¿¡uv¿ vs

ltlolcott, Fa.lk and Davis (61) report that tvlth re;oeated

¡r"-'r^'l ¡-,r^'l'i n-1-i nn- n 1 l.f\ {-.¡ ?On nnllnrlq -aì l-ønæan -^ôF 
"C1.e 

tOTIIIIIUAI dPpJ-LUd'U-LUllÞ Ur +V UU )ww lJ(J t¿lILIÞ IIJ- ul vóçrl j/sr c

c mnrìan¡ta-l r¡ qnirì q:nr'l rr In¡m tha rnidif"';-- ^'?'?^^+'l-¡ - ¡^^+1"
---illf , UIle c¿UILl.JI yJII< t,JI9U{J U\J a urtIJL'Il

nf l{ innhês was in bhe order:¿/

(t'lit,, )" sor, NH, cr
aþry1+

t'lH/, i,[0?
YJ

urea.

Several- tforkers (11, 2L, 37, 4l+) found rnarked increases

in phosphorus absorption r,fith use of the arnmoniun form of

nitrogen i¡rhen the arnnonium and phosphorus Sources vfere in-

timately mixed together. The nitrate was found to be relaiive-

Iy ineffective in stirnulating plant use of fertilizer "ohosphor-

uS. Ammonium lrras rapidly absorbed by young cereal seedlings

regardfess of whether it I4ras rûixed r,'vj-th or separated from the

phosphorus carrÍer, suggesting that the ammonÍum ion indirect-

1y iníluences the plantrs ability to take up phosphorus rather

than altering in any ulay th.e avail-ability of the applied phos-

phorus fertilizer by solubulizing or pH changes (ZI, l+4).

Olson and Dreier (37) suggested that the amrnonium nltrogen
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played a physiological role in the absorption of fertilizer

phosphorus ìry sii-rnulating root activity.

D. Potassiurn-\iitrogen E.elationship l'¡ith a Considerat,i-on oí
Root tation Exchange CapacitY.

McVlckar, Bridger and irielson (31+) state that researchers

have reported increased potassium uptake, decreased po'l;assium

uptake and. no effect on potassium u,otake with nitrogen applica-

tion. Phillips and ilarber as cited by {3lr+) have shol¡n an j-n-

teraction between the level of nitrogen and the level of po-

tassíum r,viih resìoect to the influence of nitrogen on potasslum

uptake. At low Levels of nitrogen and high potassium leve1s,

adding nítrogen increased potassirun uptake; ab high levels of

nitrogen ancl lovrr potassium levels, ad.dibion of nitrogen de-

pressed potassiun uPtake.

i{attson and Karl-sson as cited by ( 13) reported that for

a l¡ide range of species of nabural vegetation, there is a

positi-ve linear reiationship betv,¡een total- niirogen conient

and. total cations. The general explanation offered is that

total cations absorbed are initially balanced mainly by the

nibrate absorbed l^¡hich greatly exceeds the sun of the oiher

inorganic anions. Crooke and ünight (13) balanced t'otal cat-

ions - Ca, lvig, K, I{a in me per unit vreight against total anlons

- P, S, CI - ih me per uni-t vreight and -t,he d iff erence !'fas equal

to excess bases. Excess bases were then found to be related

to the totat nitrogen content' However, at R'othamsted (1"5) 
'

workers studied HZO, nifrogen and potassj-rm interactions in

\.:'':':|:
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ryegrass grol'ün on a Sand. and a clay, l,Vith tv¡o levels of

nitrogen, and four levels of potassiun. They found that

nj-trate nj-trogen accuräulation seemed unrel-aied to the cati-on-

I anion balance in the grass. Total nit:'ogen taken up h'as the .'.:,.,.,::r

same at the different levels of applied. potassiurnr -vvhereas :';.':i,#

¡nr-neoi1¡¡¡ uptake increased with the arnount of potassiurrr applied.
PUtJd.ÐÞI r vqvvs r- - ---- -

:: By using dj-ff erent levels of nitrogen on different crops , -...,-..-l
..- _.1.::t:1.

' gclean (ff ) found that the percentage of potassirun and sodi1rrn i":'t'::'!:

.. .-. 
a :. --. :-,-- a.!

:'' Élenerally decreased with j-ncreased level of nitrogen. However t '.:;:.:,:;,;;,;

oat tops shov¡ed. an increased sodium content and an almost

constant potassir.-un content with higher Levels of nitrogen in

lthenutrientculture.Hefound.thatwichcations,t1rere1a-
tion is riincreased. uptake of divalent and a bendency tovrards

decreased uptake of rnonovalent cations with increasing root

r cation exchange cai:acitYrr.

rulilliams and Coleman (59) state that ihe plant root

surfaces possess caiion exchange capaciiies hlhj-ch rnay be
, :,.¡:.'.:-t'-i

,i *easured. by the adsorptíon and release of various cations . -';";';:1i.:

. - ã r r ^ 
_ :'

. tne eniry of cations into Nhe root d'ouble layer follows a 'l',,:1.;1.,','

Iyoiropic series listed in decrea.sing ord-er of replacing 
:::':

' abilities as follot^is:

g-s Ba++ ta++ ldg++ \THL+ K+ Na+ Li+ .'...'...,.'::i:::::

Bear (S) listed the follovring cation exchange capacities on

Äøt¡ r^¡¡i æÌr{- ln^ei ¡aII O V eIr Ltry rryç¿órru ud.ù¿Ð
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Avena sall_va

Hordeum vuleare

Tha.t root cation exchange capacity of a given plant

species can be increased by l0 to 30 roercent by increasing

the level of nitrogen applied to the soil or supp.l ied in a

nutrient solution has 'oeen shor,'un by Srith and ruallace as cited

by (8). This increase in root cation excha.nge capacity ivas

paralleled by a corresponding incr"ease in nitrogen conieni

of the root tissue. The authors suggest that the role of in-

creased nit::ogen in increasrng i:ooi cation exchange capacity

'i - l-rr-i-l-ra c¡rirtlracizin^. n-1 srlrlit.inn:"1 r¡r.nt.oin-ni¡ino p'l,'ôllnq .gnrlJÞ W J tJIlÜ ÐJ rrUll\tù¿ALIL6 VL eUU! VrVr¡qJ rvr v vv+r! qr:¿+¡¡v

possibty by s'bimulaiion of greaier cell d-ivision and by reduc-

i,ìon o.f non-o¡n#i^ ^^-hnr-.,Å'¡2f.o r-lo¡nsìtiOn itf fOOt Cell iialls.u¿vrr vr ¡¡vr¡-v(i\¿ UJU Ud-f uvlrJqr qvç svyvurv¿

Observation of oat and l¡arley roots under high ìlagnification

indicaie Nhe possibility of niirogen incluced- ca.bion exchange

ao-n-, ¡i.l-¡r i n^F^ôoae lrr¡ ì nnra- -^¡l -r-nÄr'nrrì g¡ Of fOOi lfaif S andçó,Pó. t;¿ uJ I1IUI çd.Þçù Uy -i-rlur Ç4ùçu ya vsue v¿

by increased la¿eral root tip developriient. Theoretically, the

eÍfeci of the increased root cation exchange capacity is to

increase the ratio of divalent to rnonovaleni cations atir"acted

to the root surface according to üonnanr s distribuiion. I-lotv-

ever, in their study, irake a.nd idhibe (15) reporbed ihat in-

creasing nitrogen increased the amount of potassium taken up

by -r"he oat plant and denonstrateC that u¡hile root cation ex-

ehanp'r-- eâ'nâeit,r¡ snrJ the exDressed ;Jonrian distri-bu-tion are irn-vr¡qr¿¿)u

portant, the distribution is only one of several factors that

influence uptake of cations and the rnonovalent : divalent cation

Spring oats

,3arley

AZl. ó

L?.3

per 100

Y\A?a ttltlJ.v*

rne

Õ_'_

.:.ì .': ..j

::., .:.

',.'.:-.

.:.: .ì, -..1 _.
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raiio. The authors suggest ihat ac|iviiy of cations, rtiechanisms

of translocation and reactions of transl-ocated cations lvith

nl^c¡ni e ,q ni rì s 'i n th a nl ¡nt cel 1 nust al-so be considered.vI taqlllv qv¿uu !r¡ u¡rv y¿s¡¡ v

l,,Ic1,ean, Adams and- Franlclin (lZ) present results t\'hich

indicate a correlation (n = 0.S6ó) beiween cation excha-nge

capacity of plant roots and- their percelltage of nitrogen.

Generally, as rûore iritrogen hlas supnlied to a given plant

snee'i es. ån increase in nitrogen conient in the plant r'¡as ob-
uyvv!vu

tained.l âCCoritpanied by a corresponding increase in the catj-on

exchange capaci-ty of the plant roots.

i,,iclean (3f) grew oats in gravel cultures using three

nitrogen levels. The oats were harvested fifteen riays after

seeding. FIe found that the root cation exchange capacity

increased frorn L7.7 ne per IOO gm to 24.4 tne per I00 gm with

increasing ni-trogen level. "A,nalyses carried out on the plant

tops showed an increase in calclum and nagnesium contents at

higher nitrogen levels and generally, a decrease in phosphorus,

potassirim and sodium contents with greater nitrogen concentra-

tion of the medium. Heintze (2h) found that high cation ex-

change capacities 'i\¡ere associated. ivith low po'üassium : calcium

ratios of ptant tops nhen comparisons were restricted within

the sarne potassiuni level of bhe grol'ring niedium. Also t a cor-

relati-on coefficient that was just significant t'uas found in

a number of cornparisons for: the relationship beiween the cat-

ion exchange capacity vaiues of tr,,¡o species and the inverse

ratio of the poiassi-r-xrr contents of their plant tops'

:.:: l
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Potassiurrr u"pta.ke by three cereal-s of similar physical

groi,'r[h cha::acteristics was studied by Ðrake and Scarseth (f4).
They found that at :êach of the three lower levels of soJ-L po-

, tassium (0.095, 0.210, and 0.307 me per 100 gm) ; potassi_urn .,,,.,...:...,,
- 

. - .'- -:.'- :-: . .: '

r .:.i.:.:ì:.:':ì':::'-

', uptake b). r.'heat (9.0 me per I00 gm) , barley (12.3 me per l0O gm) ":.:":

and. oat s (22.8 me per 100 gni) correlated i,vell with root caNion

, 
uxchange capacity. At the higher increnients of soil potassium 

.,,,,.,.,,,,.,
:1:t.:.::.:.

' (0.þIie me per 100 grn to l.I!8 me per lOO gr,1) the effect of root ,r'.,'.:,',',',',',',

. cation exchange capacity on potassium upbal<e vanished . The ..',: ..'.,","'
.I.: -I-..-

valence effecb principle i s consequently invalidated by greatl-y

increasing the outside cation conceniration. It is only lvhen

Rearly all of the cations exist in an exchangeable state and

I the plant rooL col-Ioids must com-oete with the soil colloids

lrorthesecationsbyexchangethattheJ]onnand.istribution
l

, will- be reflected in the composition c;f the plants,

E. Relationship of Potassi-um to CaIcium, I''lagnesium and
Sodium in the Soil and Plant.

,:.:.:-:..:.. : ..:-: : .:
:.;,:.::.i:.:1.:;.

. A revier¡¡ of literature reveals an uncertain and confused ' , .t' t.,,,.,..,1., 
i,l i, 

,,

' T'elationship existing between exchangeable cations in the soil ',',,',.",.'.¡",'

and potassium absorption by plants" It has been sholvrr by many

investigators that v¡hen the concentra'cion of calci-ura relative
j to that of potassium is low, the calci-um actually íavors po- ,'.',"':.',",'i,;

tassium aì:sorption by the plants, and ii is only l¡hen the

calcirm is materially increased that potassium absorption is
depressed (4,f ) .

Van ftal-l-ie {51+) r,,iorking with oats grown on a sandy soil :);.;....:.:
| ::':.i:;:l:;.:'...
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v'iith varying potassium: sodium:magnesium: cal-ciurn ratios and

cation exchange capaciti-es coricluded bhat, for calciumr mag-

nesium and sodium, the absolute ârrlollot present in exchangeable

.:, form is noi prirnarily the determining factor for the uptake
:-í-.

of these ions by the plant. i¡Iith a constant potassium to soditxi

ratio however, potassium uptake is depencient only on the po-

tassium concentratíon in the soil; it makes Jrut little differ- 
:

encer,vhethercalcitl¡normagnesir:¡.nforr,rsthegreaterpartof

.the cations present.

The tota] amount of cations absorbed by a .clant from

different media tends to approach a constÐ-n'r,, ì:ut the rela.tive

accumulation of potassium, calcium an<i magnesiuin is rlependenN

upon the ratios of these ions in ihe nutrient nedj-un according

to Hanson and Kahn (23). These auihors also report that high

concentrations of potassiun will iend 'bo depress th.e accurnula-

, bion of divalent cations anC vice versa.

Difíerent workers (,9, &1) using increa-sing concentrations

^r na+---i",* wiih corn have íound that the calciurn and mag-uI ytJUc¿ÞÐ-LL,ulI VVJ-U.11 U\JJ-rf LlGVç

nesium contents of the leaf tissue hlere generally inversely

related to the po-t,assium content of the plant. They found that

the sum of the percentages oÍ poiassir..:rn, calcium and iliagnesiun

r{as essentiatty a constant at all stages of gro'urth. 3arbier,

as cited by (41) horuever, reported that amounts of calcilrn

and magnesium absorbed by oats were little affected by potas-

siura additions.

At Rothamsted (,1v5) , Italian ryegrass and kale vrere grov\rn



at 3 l-evels of l0 nutrients on a sandy loam and a clay loam.

llutri ents used were: sodium, potassiurn, cal-cium, rûagnesium,

anmoniurn nii;rogen, nÍtrate nitrogen, phospirorus, chloride,

, sulfur and silica. Rea.l negative interaciions; i. e. antagonisrns, ,,,'.,
.-:-:',;.

vüere fou-nd betvueen:

a) sodiiirû v¡ith poiassium ancl calciu¡n.

b) potassium with sodium, calciun ancÌ nagnesiurno ::

i, .,,.,,,': c) ammonlum nitrogen r,ulth potassiwr. ::.:.::':

". Real- posltive interactions; i.e. synergisms, rìrere found. betv¡een: ii¡:,

a) nitrate nitrogen v¡ith sodi-um, potassium and

magnesium.

b) chloriCe wiih potassi um.

Tdall-ace (55) found niirogen: potassiurn:magnesiurn ratios
, !,o be ímport,ant in the nutrition of various crop plants.

In the interactions between these elements, potassiu::i ex-

hibiis anuagonistic eff ects on bhe other tlvo, vrhil-si nitrogen

appears to exert a synergistic effect on rûagnesium. irlhether
' .'::r:.

:' the effect of nitrogen on magnesir.lin is a direct or an indirect .'.:ì'-

1 ô' 
ll 

"r'- uffect th::ough its aniagonism tov¡ards potassium is not clefinite- ;,,:::, - ' :..:::.::,-

I v knorrti:ì.

Sudangrass and ladino clover vüere gror'ún b). Àdarns and

I llenderson (2) on 7 soils in greenhouse experinent,s. They ,,,,,.,
:"i'...

îound that magnesium contents of plants at low poi;assi-um

levels were greater than at aCequate potassiurn levels for the

sarne soil, regardless of soil ;ol{. iJecreased magnesir.un uptake

, frorn magnesium sufficient soils resulted at higher potassiurl
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levels in spite of increased plant grol.rbh because of ihe

niarked. clecrease 1n rnagiresium concentration of irlanis.

Stanford, äelly and Pierre (5f) found that v"ith corn

grouln on a calcarQous soil- with a calcium carbonate equiv-

alence of 18 percent, one effect of poiassium fertilization

hias io reduce ihe amounts of calcium and magnesium per unit

weight; potassiun repressed absorpNion of these divalent

cations. 'iotal amounts of calciu-m and magnesium in the plant

material decreased r,vith heavj-er appì-ications of potassium

chloride to the soil; an observation lvhich supports Lunde-

gardhl s contention tha.t potassium: calcirxn and potassiun:mag-

nesium antagonism become dominant l.¡íth increasing concentra-

tlons of potassium and causes a reciuction in the absorpti-on

of the divalent caiions.

Ratnerr âs cited. by (41) stated that, cÌepending upon the

arnount of e:cchangeable sodiu,"n, ti,vo differ.ent sodiurn - potas-

sir¡n interaciions may occur in the soil.

a) r,vhere neutral soci.ium salts are applied to a soil

low ìn exchangeable sodiuni, âû increase in the availabilii;y

of soil potassii-irn to plants occurs due to an increase j-n

the potassium concentration of ,che soil solution.

b) v,rhere the soil contains appreciable quantities of

exchangeable sodium, addition of this cation ciecreases

ihe availability of potassiurn to plants.

Pearson and Bernstein (39) report that increasi-ng levels of

exchangeable socliu-m in the soil resulted in decreasing potassium



lar

concentrations in all 6 crops siudied inclu-ding ivhea-f , oats and

barley, roith increasing ;olant sodium. Calcium concentraiions

also C.ecr.eased r^¡ith increasing exchangeable soCi-un percentage.

- .,-,,, , ;a.:-,

,¡ F. Fotassium Uptal<e as Influenced by Llrne Content of 1,h.e Soil. 'i-'.ì:',i:',

Data lrorn studiies d.one on high lime soils and presented

b',' Pierre and. 3o',rer (¿þ1) point to a depressing effect of :..:
' À - 

,l :.1 -:-r-..-:'.... .:.:l:..:.i--::.:

, calcium and aagnesit-l,"tû on potassium a]:sorption by ccrn as seen ::'::::::;:

. - , -J - 
'''-:'--t',

, by a much higher calciurn plus magnesium piant conten¿ and a ,-¡';r',,,.';;,:,

ïilu'ch lower potassiurn con'Uent in corn gror,in on high linie soils.

Kelly¡ âs ciiecl by (4t) , explains loi,v absov'piion of poiassium

ì -rr !1-^-- -^i1^ -,,,-l 1- ^]] +l^^ rìan¡ac-]and.poorcorngroVIthonthesesoilsaSaresu}tcfthecrepres-

. sing effect of the high ca-lciur:r concentration on po'bassiurn

iabsor-otionbypIantsaswel1asthea'mountofexcJrangeab1e
potassiu*m that cones into solution. .A,llaivay and Pierrer âs

: citecl by (40), showed that un;croductive high l1rne soils of

iowa containecl less ez,changeable 'poiassiuni, fi-xed'ilol:e ,ocia.s- 
:,::;::.,

siu.rn into non-exchangeable fortn and shotued a less rapid libera- ''.¿t'ii:'
i,. ,.;,...:'.::

tion of the ncn-exchairgeable potassiurn than the adjacent norma"I ,,,11,1,,,
' "r" 1'l::

DU Il- i) .

yo¡:k aird. f"oFlers (ó3) worked on the influence of lirne

on the solubility of poiassiurn in soils and. on its avail-ability ,,.,,¡,,i.
:.,,i.4t, ,' i

top1ants.They.foundi}ra.i,ch.eadd.-ìtionofca}ciurnhydroxide

to five acid. soils increased the release of non replaceabl e

;oota.ssium. äigh calcirxn levels in the soil \reï'e also found

to either prevent absorption of poiassium or to produce an
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unfavourable balance in'ûhe piant. The aulhors siaie ihe

tr¡¡ofol-d influence of calcir..mr on potassiurn upiake by plaltis

as being:

a.) increasing the release of non-exchangeable potassiwn.

b) repressing the absorption or efíj-cient u'bilj-zation

of potassium by plants.

G. Some ,A,s;oects of Chemical Inhibition of ïTitriíication"

Turner, \''larren and Andriesen (53) studied the control

of nitrification of amrnonium sulfate br,' 1Ìil-Servel on a loam

-^â^.i -'i h^ I nrl -^^,,-.1 ^ ¡-i +.-^-^ñ rFL^r, æa'{- ^ A'rvvç¿v+116 lvv pounds niirogen pef aCre. rrrçJ óvu ^ uZ per-

cent recoverlr of ainmoni um nitrogen afier four t',¡eeks lvhen using

a one percent concentration of rN-Server. Recovery of bh.e

check treatment l,ras 10 percent.

In a field experiment at Rothamsted (¿00) lvorkers found

that 1N-Servel mixed with arnrnoniurn sulfate at one and at two

percent of the weight of the nitrogen Ín the fertil-izer only
h^ø{--" ^-r 1.' *-^vented nitrification.yd.r ura¿rJ }Ja ç ì

Ni-elsen, ifarder and Hinman (35) applied nitrogen in the

anmonium form at 0, 7.5 and 30 ppm and tl''l-Server at 0, 5, L5

ancl- 30 ppm on a loam in a greenh.ouse experiment. The ri'i-Servel

i¡¡as dissolved in ethanol in the required amounts and then

mixed with 300 grams of so11. The 100 grams of treated soil
was then nrixed with the remainder of the soil preparecÌ for
each poi¡ incubated for 22 days at l&o0 and then sol\rn to i,'¡heat.

There was a general ciecrease in the nitrogen content of the
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tissue as tl[-Servet increased. tiitrogen upiake decreased as

rate of f ld-Server lncreased .l'egard.Iess of fertilizer treatment"

Tiel-ds d.ecreased. at the O anð. J.J pprn nitrogen r"ates as the ra.te

of l\I-Servet increased" At 30 ppm nitrogen tissue yielos were :': : " :1: ;

.iii ...l:;:,..t1,',-¿:

not significantly affected by 1N-Servel.

H. Potassium Fixation and Release

i) Clay Content_and Clay :.ltiineral Type

lr{erwin and Peech 135) studied the exchangeability of

soil potassium in the sand, silt and clay fracti-ons as i-n-

fluenced by the nature of the com;olementary exchangea-ble

cation and found that the silts contributed frorn 15 to 50

percent of -the potassium, the clays frorrr 40 to B0 percent

whereas ihe sands contributed very littl-e of the poiassium

released by the four soil-s. Arnold (,5) working i'rith some

British soils, reported simil-ar observations.

The average amount of non-exchangeabie potassium re-

rnoved. by H+-resin and. boÍIing t N nitric acid from the clay

fracti-on in tl Canacli-an soils was about twice that in the fine

silt, about /a times that in the medium silt and about tL tj-nres

that in the coarse silt and. sand according to Ivlaclean and

Brydon (eB).

ii) Effects of i"fetting and ÐAying Temperature

I{atthews and. sherrell (30) studied the effect of drying

on the exchangeable poiassium of Ontario soils, and. the rela'üion ,:,,.:.t,i.,:-.,..,;,.
.,-: :_-- .a : ,.. : 

_a a,: | : 
-1.a
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of excha-ngeable ,ootassiurn to crop yield. 'l'hey found that

if the percent potassiurn saturaNion of the catj-on exchange

capacity i.¡as l-.1I = 0.2 ilercent, no change in arnount of ex-

changeable potassium occurred during drying of the soil.

Below this level of potassium saturation, exchangeable potassium

increased upon drying; above -uhis level, drying decreased the

exeh anp"ea-i-rle ootassium.I

Drying dlfferenb lolva soil-s increased il're exchangeabl-e

potassium in all of the profile samples according to Hanway

and Scott (?2). Generally bhe subsoils relea.sed more potas-

sium on drying than the surface soils. l{o relation existed

betlveen the amoûnt oí potassi-um rel-eased on drying and the

amount of released potassium that reverted to fixed form when

the soits Were su.bsequently stored under rrroist conditions.

Burns and tsarber (f0) studied the infiuence of tempera-

ture and rnoisture on the release of non-exchangea.ble poiassi-um

to the exchangeable form in the laboratory. They founC" -t,hat

varying rooisture from ó0 to 100 percent of the rnoisture equlv-

alent had- no effect on the release of non-excha-ngeable potas-

sium ruhen incubated. at temperatures frorn loC to 80uC. In-
o¡rnh r rl crê-v:Lv¡¿q¿¡b vcreasing ternperature caused increases in the lerrel of

able potassir.nn in all- but one case.

iii. .ilffects of O{ganic Ì,[atter. and Crop llesidues.

aì

H.slander and .å.rnoIik (6) siudying the i-nfluence of organic

materials on potassium fixation in the soil found tha.i organic

';-.:':.:1 l
ì.::.il*:



rriaterials did- noi fix poiassi-um" Schuffelen and van der i''larel

(4.6) reporf that the decreased u,otaice of pota.ssiurn sorietimes

obseeved as a result of added orqanic rnaierial is not ìr:"ought

abou'b, by a fixation reaciion. The a.uihors suggest that the

redruction in po'ûassiurn upiake is caused by conipeti-tion be-

tween the mineral a-nd- organic na.'cter for the exchangeable

^-t-ì nn- ^? l-rrr .t-l-,o rrnt,:'l.a ¡f .^^r-^^^'l .."-. 1-"' fniCfObeS.CaUIOIili OI' Uy UIIe Uljt,c¿iiU Ur IJUUcIÐÐrmrr vJ

Add.ition of organic maiter to soil has been reported

to red.uce fixation considerably. Jaffe and Lavine as cited

hr¡ (6\ exnleined. this effect on the Íollovling basis: organicvJ \ v /

matter aclded to the soil wilt compete r,titÌr the mineral or

organic fraction of the soil for exchangieable potassium. Be-

cause of the organj-c rnatterr s large exchange capaci-ty consid-er-

able quantities of potassiwil front the mineral portion is di-

verted to ii" Since organic ma-t,ier is incapable of fixing

potassiurß and since the quantity of potassi-ulr j-n tire inorganic

exchange complex has been materially lessenedr fixation ¡^¡ill

be decreased. This explanation appears sound in the tight of

'ùforsham and S'uurgisr (62) observation that organic matter

mar.kedly increased avaitable potassiurn in soils and also in-

creased the outgo of potassiun in the leachate.

j-v. Effects of concentration of ,q,dded Potassium and pH

on Potassium Fixation R'el-ease Rates.

sorne factors influencing the capacity and 't he rate of

flxation and. release in a soif are discussed by i'Jiklander (,57) -
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He assumes ion diffusion to be a rate deierrnining factor

in potassiurn fixation. Consequently, poiassiun fixation should

l¡a raì oÈ i r¡a'l rr -q nì ¡ì o 1- +Ìr a þpçnj nni nø enfl OUite SIOfV at ihelJ(i J. çId.\J.L V U-LJ J. eIJJL¿ a L, UL.i.E Us6!¡u¿!rró a¡¡u Yu¿uv Ð+vv! a

equilibrir-rnt point. i'[utrient absorption in a cropped soil
u'ould lov,¡er the sol-u-ole potassium and excilangeable pobassì-t-urt

fractions and consequently r,vould allor,v for greater release

than rr¡ould occur in a falLow soi-l.

.4. second factor influenclng the rate and capacity of

fixation in a soil is the concentration effect. Both the

capacity and rate of fixation j-ncrease lvith increasing con-

centration of the ad.cled poiassirun salts.
Lastly, pH affects the rate and capaci iy of fixation and

release in a soil. Decreasing the soil pH reduces potas-

siurn fixation eibher as a result of äjO+ cornpetition', lvhich

has a size sj-milar to the potassir;:'n iln, for the interlayer

exchange positions, or by a destruction of the lattice sur-

face at very lolv pH.

Lstander and ArmolÍk iOl state that fixation occurs

fairly rapidly.
ExNraction and" leachinE studies with d.ilute acid solu-

+ì^n -.,in^ in nl{ from I to 7 were carfied OUt On a lOam SOi}uJ\JtIÞ Vd,J.JrrrÉ ¿rr yrr ¿trvlu ! vv / Yvvr ç vq!

r^,, 'i'i-i'1 '1 ì o. - ^*À r^*-.. I A^\ 1'horr fo'n¿ a Co'"'.el-AtiOn eXistedUy 'JUIII-IdUI.Þ d-II\.¿ U ttIIrrJ \ U\./ ¡l . rl'lçtJ Jv\¿r¡u

betv¡een pH and bhe amount of potassirxn removed from the soil.
Potassiurn replaced i,vith 0.1 N acid solutions with pl{ range

between 3 and 7 ï¡as mostly from exchangeable forms, whereas

that replaced at pH values below 3 included a large proportion



of the non-exehangeable form.

i"[clean and Simon {33) expressed fixed poiassium in ihe

following form:

'..,,,.:;.,..,.Kfi:ced = aPplied Ì'i - increase in exchangeable K. 'a"r''rìi:

The authors reported that if exchangeable potassiurn
. :-were rernoved by leaching or cropping, non-exchangeable potas- 

....,1..,;,

slum l',rould- become exchangeable "''¡"
ti-:.. -

.i,:.;,i ì'..

v. Effects of Base E{ghange CapAg¿tl_anq tqqÉementarf
fons on Potassium Fixation - Defixation Rates

, Seatr and ïíinters (À.9) used eight soils w"ith base ex-

tlh.qncro capacities varying from 9 to 24 rne per 100 gm airdriedlvv.t.v^

.]soi1andfoundnoconsistentre1ationbetweenexchangecapacity
ri

^-¡ ^^tassi-um rel-ease, At lower potassium application rates(a¡r\¿ yw

.Iflofepotassiumv¡asrecoVeredwhereca]cir¡ltratherthanhydrogen
r'üas the cornplernentary ior-r. At the highest rate, the com;ole- : .

. . ..:..:j:,.:.: .

,,,: mentary ion had litil-e eff ect on the release of potassiixr r. :.:' 
:

':: {,,'iorsham and Sturgis (62) found base exchange capacity '';. ",);;.':: 
' . ,: ,,::: :

' to be directly related to the amount oí potassiu:n fixed. The

relationship r,.¡as modiíied by ihe percentage base saturation.

, An increase in base saturation was associated. u¡itjr an increase .-..,,.,.
,, ,t.ti.',-:.',.'

in fixaËion until cornpl-ete base saiuration vras reached
-ifl nrrn¡ ll¡nqÄi -- ^^i 

-l 
- --nai ¡9' f¡orn a I n.g'f"- ^^*l +^

Er-LUV gII UdlId.Lr-Ld.Il SUIIÞ l.-d'IIt!Jrr5 r¡ vru u rvu-rlrJ Þc¿ILL¿ 9L,, d

silty clay loam in texture haC potassiun addecl as poiassium

chloride at a ra.te of 1.5 rne per 100 gni oven dried soil by
:.
: .1 .ì . .Ì. .... :
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^ã\j,Iaclean \r( ). He reported that fixation in several samples

increased v¡ith increase in their clay conient. Sanples ex-

hihlitinp"hizher or lorver fixing capaciiy tha-n elipected on

the basis of -s,heir clay content were Llsually found to have

.¡^rÌâêqr-ì.rnr'l i nøl r¡ 't ôi^r or hi øh d er"ree.s oí notassi-un saturation.l,|./I I EUyv¡¡v!¡¡5lJ ¿vvr v! !-

simitarly chaminade as cited by (fi) r'elated fixation

of poiassium to the e:cchange capaciti¡ of ihe soil and i-ound

thai maximu¡i fixation occurredr i f inore than 4 percent of ihe

exchange capacity I'rê.s occupied by potassium.

Jenny a.nd Ayers as cited. by (43) concluded tha''c the

oxnh¡nr¡eahi I i+" ^€ -'^-^rì-'arl noi,assi¡t,t deCfeaSed ttrith deCfea-qing*----LrrV (Jt d-lJÐL/t UUU pv vqÐa!4:r s\

cLegree of pc'Lassiun saturation of the exchange complex, but

-uira.t this effect is influenced i:y the naiure of ihe cor,lple-

v¡n.n*¡^n¡r i nn
Illttrructf J ¿vrr.
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I.{ETHODS .{i'D i''i'tTlft,fÅts ( Genera.l)

Soi 1 Sa'nrrrlin;' ancl Fi'anar,eíi-onvq¡rriJ¿¿rrå rvv!Á¿sv¿

- l a^,,ø^^A] UUUI Uç

The first ii,ro greenhouse el(peritnents were conducted

on soil collecied from the 0- to ó-incir depth frorn the

Á,lmasippi soil association in ihe Carman area. (Zt). The Á,Irna-

si;opi soils ¿-re rneadoi', prairie and r-neador'¡ soils cielreloped otl

fine sandy -r,exbured d-elta.ic and lacustrine de,oosits t'vith im-

'Jerfeci rJ.rainage. The soils useci in the rerira.ining greenhouse

experiilenis vuere collecied frorrr ihe sa-üìe de:th fr"oüt a ilea,iou

¿-ncl a cal-ca::eous irleaciow associ-a-r,e of the Pel-an soii associa,t-Lcn

located in the Grunthal dlistri ct. The Pela-n soil association

is d-escr:l-bed as consisiing of Grey-tslack and. a.ssocia.ted soiis

rler¡elonecl in t,ìre Gre¡¡-Èlaek none on a ¿þ-itL ilanile of rel¡orlced

sa.nd;,r seCL:'ntents over sirongly cälca:reou-s til} (20) .

b ) Pre.pa{*Lons

Each soil r.¿hen brought into the laborator¡' íroi'n ihe field

nias il,u¡recliately ai-r ciried., sieved throu-gh a Lit,, inch screen

ï,,¡hen dry and ihen rnixed thoroughly" Ëi.epreseniatíve san;oles

of each soit r,vere further passed ihrough a 2 run sieve arid re-

iained for analy'üica} purLloses.

Characteristícs of ihe ihree soils enrployed are given

in Ta.bles I a¡rd 2.

2'l
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A.nalytical Procedures for Soils

Exchangeable Cations

Duplicate ten-gram samples of soil l{er"e placed in one

hundred ml 1N ifH¡.Ac solu'cion adjusted to pH J.0 and contaj-n-

ing 25O ppm ti+ as LíldO2 and. shaken one hour. Calcium and

magnesium in the so11 u*-ttt.tu .l.,rere determined by titration

i,'¿ith EDTA (14-) ; sodium and potassium by flame ernission

roethods using a Baird-.¡Ltomic Ii Y 2 flarne photometer (29) .

ifater Soluble Cations

Procedure tras identical to thai u-sed for exchangeable

nrf.ions oxoonf, distilled lvater v¡ith ZJO pprn l,i+ as Lil{O"vúv¿vrru v¿lvvlJ vva¡-v\, \'+ v-¿ 
-/ - I"r-- -- --- --''- J

hras used in place of 1 id NH¿Äc.

Total Potassiunr

Duplicate one-gram sarnples oí air dried soi-l idere passed 
...;,...,..i

throush a O^16 mm sj-eve and then decomposed in HF lZg). The :';';::':
w¿¡¿vq6¡¡ Çr vo*v ¡¡a¡¡ \'-.. - 

:.._

{-n.f-o'l ^a+---iffi ç¿g detefmined. by SpegtrOChenriCal methOds . ,tr\rtJ4-L y\JUA.ÞÐrULHt vvaÐ ugvv¿¡¡¡¿¡¡vs vJ uyvv 
.,t.i-...:

using a Beckma.n DU qaarLz spectrophotometer and suitable siand-

^-^ ^AI UÐ.

Potassium Supplying Poiire{

Duplicate five-gram samples of ai-r dried soil 1rlere ex-

tracted with boiling N tll{03 for l0 minutes (53) . The díffer-

ence betlrieen the potassium extracted by this method and the



:::t-::-.i
ì--i.i.:1

' 

:1,:,i,,,:,'

exchangeabfe potass'ium is a íûeasu.re of the potassir-lr.û suppl;'r-

inrr norrer of the soil.

AnalvNical Procedure for Plant lt{aterial

Nitrogen

The i(jeldahl procedure as ou-tlined by Jackson (29) rìIas

empl-oyed to deiermine the ni trogen content of the ptanb .r'.i.'.'il

| 
'1.; 

:.r:.'

material samples o 
:t,,,:,,,,,
-.',1 _.:-..:-

iiilet Às_hing Pro cedure

The plant material samples i,ìrere digested with a Hhlo3-

HZSOL-HCIO4 ternary acid mixiure according to the procedure

outli-ned by Jackson (Zg) except that the suggested pre-cii-

Eesti on ivith nitric acid i,vas omitted.

Total Phosphorus

The total phosphorus content i,"ras cletermined colori-

metrically by the vanadomolybdate yellor,v colour method using

a suitable aliquot of the plant material digestate (29).

calciurn and idagnepiug 
,:..i :

Suitable aliquots oí the plant ruaberial digesiate r,,rith '.,:,,,'.,

standard lanthanurn chlorid"e added i{ere analyzed for ca}cium

and. magnesium by means of a Ferkin-Elmer 7O7 aiornic. absorption

spectrophotometer. The methods emptoyed are ou-tlined in Äna-

lytical l,,iethods for Atomic /tbsorption Spectophoiornetry (3, [) . ,,.i,,,,'.;,:.

:a.:4.,:



Sodium and Potassiuni

A. 4.2 gm sample of oven-dried, finel¡r ground plani

material tuas shaicen on a reciprocal shaker for one hour lvith

l-OO ml I N NH,.Äc solution adjusted. to pH 7.0 and containing
+

25O ppn Li+ as til'iO3" The potassium and sodium concentra-

tion of the filtrate was deterirrined using a tsaird-Atomic K Y

2 flame photometer and appropriate standard solutj-ons.

G_eneral lleeting. ,;fatering and Plant Handlj-ng Techniques

In all cases, 2 kgm of the s;oecified air dried soil

Ìl¡as ;claced in one-half gallon glazed porcela.in pots. Fhos-

phorus and sulfur, urhen a.pplied., were banded in at the I inch

depth in the pot " Ten seeds of the crop to be grotun rrere sowrr

at the L/2 inel. ¡lanl-i.r 'l\'f'ìt'-^-^- -^,r h^+-asSif:fn i,Vhen USed 
'ÂIe''e

se ur¡v L/ þ ¿¡¡úJ.I l.,|(.iPUIIô I\J-l- UI LróÇlI A.rr!À jJV u

^*^r 'i^¡ ^+ {-r^â -ì ineh clenth or at the surra.ce of the soil.ø,iJy-L-Lsr¿ d. u UIIU -L f lrL,rr uuy vr..

S1:ecific nitrogen and poiassiurn fertilizer pla.cenents are d.is-

cussed under the appropriate trluiethods and l'"{aterialsll sections ,,.,r.:,.
;.,.::,:.,.,

of the follov,rj-ng greenhouse experimenis. ,',.:.-.'

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

The seeded pots v'iere brought to field capacit5' r.Ij-thin r ":''

24. hours after seeding anC the amouirt of water required -uo

1.^^.- +r^nn n.r- ')r near field capacity r,ras estimated by r,ieighing.*rtço, url\trtr d.u \JL rr\t^r J JÇ¿u vayd,ur vJ lvag eu vJrrrq vçu uJ v]vrót¡¿¿¡ó 

.-.::.t-.--..-.

randonr pots. This was continued until grouith tuas well advanced. ,-'.'.',.-

ThereaÍter, the pots were v¡a.tered daily.

The crops r'üere 'uhinned to si-x 1:lants per pot ap1:roximate-

li¡ f.an tn f1a¡p'l-rn 'l¡.'^ ¡{.+n-n seeflinp' anfj 'i--!-'^rr l-¡ 'Ê^'.ø flants-LJ UYll, þ\J UVVçiJV E Lld.-V Ð ctJ VEJ Ð\tEsrr¿€i qrru UllElr uV r v u¿ i
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...:... ..::.:r:..r......
:,:-:, i.:.:: : --: :.: -.- - - ,

:: .-:'. -. _,. ..'. ' . '

per jlo-r, a 1,1eek 
-l¿.te;." iire --lour reriiaining pla-nts .'eîrresert¡ed

the healthiest a.nd be st spaced plants in eacir inrl,ir'iciu¿.] i:oi.
.ll-l nnt5 ì,rere i'cta'ûed oir üir.e greenhouse bencl: once a r;eek.ja!¿ l/v vu

. tìor all p'reenl-rorrsc o:rnei'inrerlis conducied ihe ;:lants idere
.:., - v¿

-' 
ha::ves'beC a-t api-.ro:<-'ua-\,eLy LiT inch altcve the soil surface. .':i'r'-r"'

The above ground portions rvere ihen clilrpecl inio L/ t.- io Li 7'

inch lengbhs , aLr dried for tr¡o da¡rs and placed in a íorced . . , ....... :, .: :.- :
.:-:.: ...: :.::.-. -_ -.., d.raft oven at 7Ooç for 2/-¡. hours. ;ì11 planis analyses were ,,' ..,'.,,.,".

:

:i. e¡rri erl otrt on tlre above o'r'ound portions only. :.::.:'::,,'1,:;.
,-a. ,.:,:.::: i::..:...

Pos'o llarvejt Soilr_Trgatmer]!

fnrnediately after each greenhouse crop harvest, the
: soil frorn each pot lvas emptied and spread out i'o dry on a

, greenhouse bench. l;hen CLried, the soil frorrr each rrot was

thn-,-nrrprLl rr *,i..orl .-¡Ä â reÌlfesentatir¡o qprnn'ì e iaken ÍOf eX-t/IIUr-UL¿åll.LJ IIIJ^\;U ctllg q r çrvr çÙçravsv¿ v v u(4¡¡iJ¡v

changeabie potassir.lrrr deterr¡rinations "

In the follol.,ring iables and discussion, the syrßbols

and abbreviatlons listed below have been used.

i\ïi r--næan a-nrig¡ alftOf eViatj-OnS :l. UI \./Éç1r V C]'À J :

,{.S. = (NFI&)2504 - Ammonium sul-fate

N.A. = Hi\TÛ3 - ititric acid

Ä.i\. = NT{&i{03 Ärirmonium nitrate

S.l'J. = irlai[O3 Sodiurn nitrate

Placemeni symbols
/r \ i I I - 1 f 

^ 
ì a 

^-- -^^J(1) N, P, K banded together L/? incl: belov¡ seed 
;,,,..,,,,.,,.. . .--'...:.'



*.ìï1íij*¡,äiril.';:*;li+,Í;iiij:.t::;.;, "È,#ilä:1ïir:'Èi'¡fi:i¿ri'.ri!:::!ii:

r

(2)PanclKbanded

N added at ihe

(3 ) P and l[ banC.eC

K addeC at the

. 1 f^lõogeT,ner L/ ¿

qrrr^fr r. o

f nbothor- 1 /2
-t *

sur.face

inch belot,¡ seed;

ìnnl.r l-,alnr.r cnad.¿J¡V¿f, se vvve t



Gn EENHOUSE EXP ERI'iEltl TS

Exp.eriment f

I'[aterials and ]'.[ethods

A cnrponhnrrse exner-ì rnenf, I¡râs des'i øned to st,tlrlv and corí1-4 õ! 9 U¿llu uJç v^vu! ¿¡lru¡lv uvqu uvu¿€)r¡vs

pare rhe effects of increasi-ng niirogen application rates and

varying nitrogen placement on ]¡ield anci potassiun content of

oats and barley. Six fertilizer treattnents for each crop with

trr'o different nitrogen placements at the tr'o highest nitrogen

levels uere used. -dach treatnienf l.'ras replicated four tirnes.

Barley and oats urere the crops grovrr'l on an Älrnasipni

soil possessing sorûe of the characteristics gi-ven ín Tables

1 and. 2" The f ertj-lizer carriers, raies and placements eril-

nlc¡vecl jn sreenlrnnsa exneri*^ñ+ -r 'È^ -iven in Table 3" ÄJllj.tiJ,l tJ .L C.I U fl¿

totat of 6/+ pots idere used.

Both oats and barleJ¡ r,¡ere harvesied 46 days after seeding.

Results and Ð_is+¿ggtgq

Yields of Plant ldaterial

The da.ta for yield of dried plant rnaierial are present-

ecl j-n Table i+" Qats outyielded barley for cotnpa.rable treat-

rnents at alt fertitizer rates. itleither barley nor oats gave

a significant yield response to K only or io P-l( only ferti-

Lizer applications" fncreasing nitrogen resulted in signifi-

ca.ntl¡r larger yields for oats. Barley, hovuever, responded

; :.: : ilr.,
:: '.: .::.4 :
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TABLE 3. FERTTTTZER CARRTER.S, R.ll.TES A.hID PLACEIVENTS USÐ TN

GREENHOUSE EXPERI}{ENT T

Fertilizer
Treatment Carriers Placements

hl-P"OÃ -KrO
*Z/âcrZ

I\N

0-0-0

0-0-200

0-80-200

40-80-200

(1) 8o-80-2oo

(z) 8o-80-2oo

(1) 160-80-200

(,2) 160-80-200

NaH2PQnrH2O

NaHzPOi,.Hz0
T

1l

tf

K banded L/z incn
bel-ow seed

r f^K banded IfZ íncl't
belov¡ seed

N & K banded L/ 2
inch belor,v seed

N&Kbandedl/2
inch below seed

K banded 1f2 inch
below seed; N added
at the surface

N&KbandedIfZ
inch below seed

K banded L/2 incln
below seed; N added
at the surface

.l\'rl1 - 1\1^r\.n&r\v3

1t

n

K2So4

K2SO&

KaS0r,

tt

It
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Tf.BtE l* . ÐËY T{EfGHT 0F PLANT },ÍÍI,TERIAL (enis per pot )

FerÈlLizer treatment
t'r-PZû5-K20
1bs/acre

Barley Oats Treatment
average

0-0-0

0-0-200

0-80-200

l+0-80-200

(r) 80-Bo-2oo

12) Bo-Bo-2oo

t1) 160-80-2oo

(2) 160-B0-200

L.76 el
1.82 eI

t.84 eI

3.OZ d1

3.92 blel
l+.5L a1

3.69 cl

b.L+ bl

?.7? d.2

?.66 d2

2.69 d2

l+.23 c2

h..7/"+ b2

À.,60 b2

5,28 az

5.Ol+ a2

2.21+ d

2.?l+ d
2.27 d

3.62 c

l+.33 b

l+.56 a
¿i. 4.S ab

l+.59 a

Crop average 3.O9 &.00

In thj-s and al-l ensuing tables illhere Duncant s multíple

range test was used, means with the sane lower case letters

indicate sets within which no significanb difference's were

found (p = 0.05)
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only to a maxir'1urû of BO lbs nitrogen per acre; aOplicaiion of

160 tbs ni-''rogen per acre depressed 'oarle¡r )¡ields' This de-

pression was significant for placernent 2.

For both the 80-80-200 ancl 160-80-2OO fertilizer treat-

ments larger yields obtained for oats wÍth placer:tent I but this

yield response io placerneni I i,'¡as not significant. Placernent

2 f ¡r. h.crl or¡ æÐ11ô ai cn'ì fi n¡nt'l r¡ hi olrar' .tleIdS than did plaCe-ea¿ --J gd.ve ÞIöIlJr'LçarrulJ ¡rrórrv¿ J

ment 1.

i\tritrogen and. Fotassium content of Plant iiiaterial

lditrogen and poLassiunt contents are given in Table 5 "

Treatment means show a significant j-ncrease in niirogen content

of plant material with increasi-ng nitrogen. The salrre trend

is observed for each indiviclual crop. ido significatri cliffer-

ences in nitrogen content of either crop v'rith any of the place-

rnent,s used is noted" The initial /+0 lbs nitrogen per acre

n.rn¿'ne¿ e si ^'-i-Pi aqnr- 'inn-g¿gg in nitfogen Content of OatS
Hr (ru uuçu g' J rèiII-LI I \/qr¿ v ¿¡ru

but not of barley. R,egardless of placement used, ni-trogen

content of barley generally exceeded t,hat of oats for coÛl-

parable trea-tnenf s.

Considering potassii;-m conients, the 40-80-200 feriility

Ievel þave the lOrn¡est treaiment avera-ge of all treatments used'

This may be explained by bhe large yield' response (Table /+ )

obtained with ap;olication of the initial /r.0 lbs nitrogen per

acre, this increase in yield leading t,o a diluiion of the plant

potessit;ï1 content. For oats no trends in potassium ccntent

'.' .. : t:
':-:_;.: :,ì
.-l :.ì J: .
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r\rith increasing rates of ni't,rogen or -rvith u-se oí d-ifferent

nìtr-ogen pla.cenrents can be estaìrlished" Varying the olacement

^r n j.lrnman .Ðneâr.ed ,;o bear }j_itle efieCi U-pCn the tlOtaSSiLüûlJ-L lLILrI UÈ;Err G!J,vuGr uu uv

conten-r, of barley, alihough, unlike oats, i-ncreasing t'he nitro-
r¡l-n --1¡^ q -i.rnifinn-nf - ^+^^^ì'"'-¡ ^^-tent.Èiur1 1 o.uç óav ç ó. ÞrÈ;ir-!_L ¿uarrv l-ncrease }n polassl-uifl cL)I1

Trritrorren ånd Potassiun Uptake by 3a-rley and Oaõsv tf v¡¿

i{itrogen 3.i-rd potassilx.n u.ptake by oats tvas general-Iy

larEer than th-+ r.,-, i-.o-l arr fgy corrlparable treatiÍenls (Table ó).
--!Ó-lJ U-V ,JÚ-IIçJ

Generally, both nitrogen and pofassiu-nt uptake Íor l¡o,ch ci"ops

1nc.r:eased r','ith increasinC ni'[-r'ogei']. Recover¡' of applied

nitrogen tvas calculaìred e.nd the d.ata a.re represented in a,opend-ix

I.
Ðam¡rrl 1p<c o1' e:'c)o q1.oitn Oï' Of fe:"tiliZ,ef ilÎeatiltent U-Sedt:Lç5d.4 u!çÐÐ vf vl vv

bo'th ihe llota.ssillrn content and u'ptal<e were larg;er than the ni-

trogen content and- uptake for coÌ1lpar'able treatnents"

pliosphorus, sod_igrn, calciu¡n anrL i,agnesium tonf ents

Taþte 7 ouilines the d-ata for the phosphorus, soädrun,

ca.lciur¡ a-nd rrÌagnesiuJii contenis of the .3iailt, iilaieíial, iror coiìì*

par,'ri:1-e ti'ea-ttri-^ntS the 1lh:,sphorus conieni of i:arle)' was greafer

ilran tha-t oí oa-ts, the cl-iiference being nost pronounced for

the no nitro¡jen treatnents. Inc::easi-ng rå.tes of apiolied ni-

tr.ogen .Jecreased the Þhosphorus content of ba"rle)r bui d'id noi

greatly affeci that of oats"

The sod.j-uríl con.CenL of both ba.rley and oats increased
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with increasing nitrogêflr the increase being rnuch larger íor

oats than for barley. This may possibly be explained by better

plant gror^rth at the higher fertilizer rates and consequently

more absorpiion of sodiun. by the plants. The phosphorus car*

rier employed, IrlaHrPOL.HZO, provided a source of available

sodium to the plant. The socliurn con-uent in barley hlas much

larger ihan that of oats for comparable treatrnents. IÌo sig-

nificant d.ifferences t\rere noted in phosphorus and sodium con-

tents of elther crop with difíerent placements.

The calcium and magnesium contents of barley are gener-

ally larger than those of oats for contparable treatnents.

Neither barley nor oats appear to sholrr any consi stent brend

in calcium or InÐ-gnesium content vrith fertilizer rate" Pla-ce-

ment 2led to clepressed. calciurn and rrlagnesiun contents of both

crops at the 160-80-200 fertility level. Generally for any

one crop the calcium content iended io roe larger than the mag-

nesium content for cornparabl-e treatments.

Potassium Uptalce

Data for po¡assir:rrr uptalce (Tabfe 8) reveal generally

larger uptake for oats than for 'r,arley lfh.en cornparable

treatrnents are consid.ered. For sirnilar placei:tents, potassli:n't

uptake i-ncreased significantly l¡ith increasing nitrogen.

For barley, potassium uptake increases r,'¿ith use of placenent

Z are significant at boih the 80-80-200 and 160-80-200 Í'ertiliz,er

ra.tes. l',fith oats use of placement 2lowered.the uptake of po-

bassÍum.



It,l+

TABLE B. POTitSSItli'[ UPT.A.KE (Percent of added potassium)

Fertillzer treatrnent Barl-ey Oats Treatment
lr-P205-K20
lbsfacre

average

[o-80-2oo 46.0 cl 64.L d.2 55"L d

' (f ) 80-80-200 65.6 a, 74.6 bz 7O.L c

(2) 80-80-200 7b.5 a1 69"5 c2 72.A bc

r (1) 160-80-200 6l+.9 ba 80.1 ^2 72.5 b

, (zl 160-80-200 7I+.7 aL 79.L a? 76"9 a

Cr"op average 65 "L 73.5



Eelease and ¡-ixation of Potassium

The da"ta for poiassiurn released and fixed are cu.il1ned

in Ta'ole 9. For al-l fer"tilizer treatrnents r,vith the exception

of the 160-S0-200 r'a.te, rega.r"dless of placerirent, soil cropped

to oats fixed greater quantities oí applied ;ootassiun'r than

soil cropped to barley. Greater potassir.im fixation occurred

at the no nitrogen treatments or at lor'v application rates of

nitrogen than at the higher levels of nitrogen. This v','ould

be expected since plant utilization of potassi-urn is less for

these treatrnents 1;han for ihe treatritents receiving high ni-

trogen rates of application and consequently lrlore available

potassium rnay 'rce subjecied to fixation" Potassium uptake data

(Tabte 6) confirm this observation"

Ca:i( and Ìil:K iìatios of Plant l\{aterial

These ratlos (Ta.ble 10) are c¿uite similar foi' both crops.

Littte consistent difference in Ca:H raiios appears wiih in-

creasing iritrogen for either of the crops. Cn the other hand,

N:K raiios increased i,vith increasing nitrogen.

/,q
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TÉ.BLE 9" RELEÁ,SE (+) Âi']'D FIJ(ATIOÌ'{ {-) OF PÛTA,SSIU'Ï Tl\T

SO]L úROPPIÐ T0 O,q,TS Ài.lii BA.+.LEY (;opr,i)L

Fertilizer treatment Barley Oats Treatment
averageltl-PrO x-Kck ,/

1l-rcltîTã

0-0-0

0-0-200

0-80-200

40-80-200

(r) 8o-Bo-2oo

(2) to-80-2oo

(r) 160-B0-2oo

(2) 160-80-200

+29.L +30.6 +29 "9

-26.8 -35.5 -3L.?

-26.r -?B .2 -27 .2

-r7 .6 -31+.6 -26.L

-12.8 -L8.? -L5.5

-11.ó -25.4 -lB" 5

-16 .4 -L5 .2 -15 .8

-2L.6 -L6 .7 -r9 "2

Crop average -13.0 -L7.9

l. Potassiunr released (+) or fixed (-) = potassi-¿rn content
of crop (Initial-.potassitlrfi + dertilizer potassium -
residual poiassiurn).



TABLE l0'. CalK A.l\Ð itl:K R¡'TÏCrS

(Celculated on basis

l+7

OF FL:\I{T ¡\'iÀTff,IAL

of eqvt. wt. per unit rvt. ) 
*

FerÈilÍzer
freatrcent
N-P205-K2û
lbslacre

Ca:K ratlo i'[: F, ratio

oaEs barley oatsbarley

0-80-200

À,0-80-2oo

(r) Bo-80-2oo

(2J 8o-80-2oo

(r) 160-80-200

(2) 160-80-200

.26

.22

.23

"23

.27

.25

.r9

.23

.25

.25

.zo

1 nçl

I.IO

L.32

L.3l+

1.91

1. Bg

L.l+5

.81

f .15

1.1+1

I.l+1,

?.o3

l.g7

L.L,7Crop average O.2l+ o.25

* N assuroed io have a valence of oneo



Experiment fI

It'laterials and lulethods

Greenhouse experiment II lvas conducied to siudy and

compare yieid, potassiurn content and uptake from native ancl

applied potassium sources by oats and barley using cLifferent

nitrogen forms and placernents. Basieally, gr'eenhouse ex-

periment fI was sirnilar to the first greenhouse experirrentt

but differed frorrr it in that three nitrogen forrns r^rere eln-

ployed in cor¡lbination r,'*riih trrrç nitrogen placements.

il total of 104 one-half gallon porcelain pots trere pre-

parecl v.¡ith ;l,lraasippi soil. Both oats and- barley l''vere grown.

Table 11 outlines the ciiÍferent fertilizer rates, carriers

and placernents used in greenhouse expe;'inent IT. ¿iach trea.t-

ment was replica.ted f our tímes.

Both crops were harvested 50 days afier seedlng.

fi,esults ano Discussion

Yields of Plant i.{aterial-

Plant material yields (Table 12) for the 0-0-0 treat-
ment of both crops l{ere significantly lolqer than those of anSr

one of the renaining íertilir.et treaËnents. Fertilized barley

l"¡ith or r,¡i-uhout ad.ded potassiun gave la-rger :'ields than ferti-
lized oats for comparable treatnents exce,ct tvhen .ii..S. \,'üas the

nitrogen form used-. In t,his case oats and barley gave approxì-

mately equivalent plant yields. The onl5r consj-stent increase

r.i+o
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TÁBLEI}. FEP,'ITLTZEF" CÅR.Ï¿TE?"S, RJ¡.TSS Á.IiD PL*,CJJI''rEI{TS US,¡D II'J

G;¿ï,EEI']FTO USE EY'}ËRN'IEI'{T TI

Fertlli-zer
Treatment Carriers

lù-P"0(-1i20 N

I DS/ ACre
PK

0--0¡0

,' (r) 160-100-0 (lrli{4)2so' l{aH2PO4.Hzo N^banded 1/2 inch' belolv seed :.i:;i;;,":
, ,t,1, .:, ,t...

1r \ 1 r..\ .100_0 HNO? rf _ T? TT

\ f / I(J\J -rvv-'\-/ li 
-)

(1) tó0-100-0 lrlal'üO j rî - iÏ i'

{2J 160-100-0 (ltlHr,)t1}t, ì1 - }ü added at ihe- L?tu + surface

/n\ i/^'r^^ 
^ 

lJT,fñ, Tt it 1l\¿t rou-I00-0 Ht{O? rÍ

., -
/ o ì r r^.' .]OO-O Nai$Oa ri - it 'ii
\ É. I J-\r\/-I\Jv-v ru(2,-. - )

(1) 1óo-100-rÀ,o (it-H&) zst L K2HJro4 IizHPOb rj#nooliä,ï":_åá,

/r\ 1A^ ìñn 1,.rl rJÌ."^ 1î Îf tt î?
\ r i -,,--100-1þ0 Hü02 11

:. ... .: :

i: ( 1) 160-100-140 lilaNo3 Tt tr Îf tr 
,,i,,.1ii:

.'l oo-t Lo i t'iì¡, ) ^so , Ír 1¡ ?i ban deò. L/? inch :: ;:'.:r:i,: tzJ róO-l-OO-1[O (l'iH,. I <n Ír 1r li band,ed L/? inc
+t2""4 il_ì ii 1 :.,:.,.....i, T belolv seed; i'tr added ' ,'-,.'.,

at the surface

{z) L6o-roo-1/+o HiIo3 it 11 ir rl

- ( 2 ) 160-100-140 NaÌ{o; n 
_ 

rr ît îr 
,i :,¡,¡



ît¡

TABLE12 DRY TfEf GHT OF rlÉ,i'lT I',i¿.T$RIAL (g:ms per pot )

Fertilizer treatment
N-P206 -KzO
ruã/ácrã

BarIey Oats Treatment
average

0-0-0

(1) 160-100-0 A.S.

(1) 160-100-0 td.A.

(1) 160-100-0 s.bl.

(z) t6o-1oo-o A.s.

(2) 160-100-0 N..û.

(z) 160-100-0 s.l\i.

(r) f0O-100-1/+0 A.S.

(1) 160-100-1J+0 N.A.

(1) 160-100-1¿þ0 s.N.

(2) r6o-l-00-t&o A.s.

(2 ) 160-100-140 i\i..4..

(z) 16o-100-1&0 s.id.

Crop average

.79 fL

2.75 b1c1<i1

2"57 d1el

2.59 c1d1e1

1.08 a1

2.58 c1d1e1

?.9O atbl
2:87 a1b1c1

2.84 a1b1c1d1

2.71+ b1c1d1

2.83 a1b1c1d1

?.39 et

?.1+5 el

2.57

.96 f2

2.77 b2c1d1

2.3O d?ez

2,1+7 dz

3.0I a?bz

2.34 d7e?

2.52 c1dz

).06 a2

2,L7 ez

2.L3 e2

2 
" 
80 a2b2c2

?,Lg ez

?,L7 e2

2.37

.88 g

2.76 c

2.1+b ef

2.5) de

3.45 a

2.44 ef

2.7L cd

2.96 ab

2.5L e

2.1+4 eî

2.8? b

2.29 f
?.3L f
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in yield ir¡j-ih po-r,asslurn aprrlicaiion occurred rvith piacernentl
'i3n'i^ h¡n'l or¡ nnl rr 'ïln-n ì-hi e r-.rì'rì r-n¡i i¡'l q¡a¡la-nf. r¡i o'1 rì -inar-a.qqaqrv¿ vqI ¿vJ vLLLJ . ,L VÅ Ull¿Ð 9I VIJ ArrU ,VI?,Uçr:lv¡¡V J !Vru !¿¡9Á vqUVU t

although not significant, \,'rere recorded íor all thy'ee niirogen

forms.

Treatrnent rneans show a significant irrcrease in yield lv-ith

use of the.å..S. form oT/er the other tvuo nitrogen sources. This

is in nlnsê egreenent r,rrith previous r,vork (f ) which abir.ibuted\ *,

the increased vi-eld to better root disfribution anC r:oot

gror'\ith of the plant fertilizecl lvit,tr the 1lï!{,,* fo** of nltrogen.

Regardless of placement or fertilizer rate used ihe Å.S.

forra gave significantly }arger oat yielcls than did the;'1.Ä,. or

S.ld. forms. For barle,v, yield increases rn¡ith use of the å.S.

form l'!'ere less ;oi"onounced. Placement effecis on yieldr ås

1ar¡ t-øn^J-r¿ranl- ,r^e.no .to nOi fOllOirf a d-efinite tfend-. FOfrÞ\:('It UJ U¿ çd.tJllis¿f (/ Ij!çarfÈ, v-l

all nitrogen forms used appllcation of potassiurir depressed

r¡ie] ds of hotlr crons v,rith ol-acenient ?. The arrlount of this de-J +v&sv v+ v¿ vlvv -t

pression i,\Ias calculated and is presented in rl,ppendlx ff . This

yield depression l,'riih ;rrotassir.xe fertilizaiion was sig5nificani

onlir íor the S.l{. source and indicaies a significa,nt sod.lum-

potassiu¡,i in'Leraciion in the nu'i;i'itíon of botÌr crops.

For a1l three forns of niirogeri used, barley plani yiells

ar.e Iar,c'er for nl¡no'rnent I +lron fnp r¡-l .^eir1eilt 2 at 'bire fó0-L0C-q¿ ç JqÅ óvr ¿vI iJJGUVrilArU ! I/IIAII -LVI lJ!g-U

l-&0 fertilizer rate, andr larger for placer.;rent 2 iha.n for place-

ment I ac the 160-f00-0 level. Oat yields responded sirnilarly

to placement and fertitity level- only for the 3..S. form; the

lJ.A. and S.li. foriirs of nitrogen sho-i"lng liiile response Lo



ai J-hoz' .-.r'l : nal.,rant n1-. rÌlìr tî+r-i-i 'l i +.r 'l nrrn]ttJ UIIUJ ,JJsUçrl]çj-lL, ct tJ qllJ i Çr Lr-l-I-L Uy -LC V çJ o

Cf all- three niirogen íor":,rs useC, I'1.Ä. resulted in the

loi¡est yieids for both crops, rega-rdless of lrlecel,lent, at the

tó0-100-0 fertilízer rate' rxcei:t for ba::leir l^Iiih placemen.u

2 at the 1ó0-100-0 lei¡el there i.,Iere no significant crop yield

differences beti.¡een the 5.ii. and ld.Ä. forms.

Nitrogen and Potassiura tonteni o:[ Plant i;laterial

Frorn the data pïesented in Table 13 it is observed that

nitrogen content of barley Senerally e)(ceeds th;ti oÍ oats, ihe

exceptions being the,å..,5. foi'rn v,rith placerrlent 2 at both the

160-100-0 and l6O-100-t/+O f ertility levels. l,jì trogen contents

of both crops at the 0-0-0 }evel are significantly loi,¡er than

for the fertilized treatments.

For all three níirogen forms, ât the 1í)0-f00-0 level,

nitrogen contents of both crops a-re lor¡rer for ;olacerient 2 than

fn-r nl¡eei,rent I exeent ior oais fertilized with S.II. Hortever,¡ vI :J¿sv

the difference in nitrogen content betl'¡een placements is sig-

nifi eant onlr¡ for the À.S. form.

0f a.11 three nj-trogen forms used, the ni-trogen contenf

of barl-ey was highest luith -t,he Ä.S. carrier íor both ttre 1ó0-

IOO-C and t6O-100-1¿&0 fertilizer rates u¡hen placerrleni l v¡as

ernployed. At the sarne íertilizer rates rvith placei,lent 2 Ene

same carrier .qave the lor'\resb niirogen contents for ba.rley.

Generally, the nitrogen conient of barle¡r ís higher though nob

significantly so¡ r¡ith the l\.1r,. forrn than tvith S.li.
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For oats at ihe 160-100-140 fertlLj'zer rate, regardless

of placement used, À.S. gave the lol'¡est nitrogen contents of

the -r,hree nitrOgen iOrms. Ho\nlever, none of these differenCes

in nitrogen content r,rith different nitrogen forrns had any

statistical significance r¡¡ith the excepiion of -uhe ^{''S' forrn

at the 160-100-0 fertilizer level

Potassium content of both crops (Te,.ble f3) increased

with application oí potassiuro. Potassiun content of barley

invariably exceeds that of oats for comparable treatments'

AIso, for sirrrilar treatnrenfs for both crops, potassiurrr contenf

i_s larger v,,ith placer;,ent 2 t]¡a.n rniith l. This difference in

potassium conient wi-r,h placetllent is significant ío:' both crops

rvith the s.\T. form at 'both the 160-100-0 and Ió0-100-IL0

fertilizer rates"

'lhe lor,uer plant potassi urn content associated r'vith place-

ment I rnay be atbributed partly to yield difíerences and- part-

lir to the increased concenbration of nitrogen in the soil solu-

tion irnrned-iate to the lolant roo!. Previous lvorkers (3f ) re-

port d.ecreased phosphorus, potassir.m and sodium contents t^Iith

highernitrogenconcentrationofihesolution.
considering the 160-100-I&0 fertilizer rate, the depres-

sion in poiassium content of both crops fertilized r¡¡ith S'ü'

suggests a K+-Na+ interaation (39). This depression is sig-

nificant for. placement I where the two interacting cations

are more intirnatelY associated

For both placenents at the 160-100-0 fertilÍzer ratet



and for both crops rvith the exception of oa.t,s r''¡ith placernent 1,

;ooiassiwi conteni is significantli' larger for the i,i.,q.. form

tlr¡n î¡'r. enrr gf Nþç Othef ti.¡O fOfmS USed.v IIA¡r ¡ V! \

The larger li content r¡¡ith ihe i\-.À. form reílects yield

d.ifferences as well as a shift in equitibrii.lm betv¡een non-ex-

changeable and exchangeable potassir.un resuliing fron dlsrup-

iion of the soil mineral- latti-ces i:y the strong acid carrier
I en /^\\) ( t ouJ .

At the 1ó0-100-1/+0 fertility level r,,-ith placeii:ent 2, i\.4.

gave signiíicantly larger potassiuÍl contents than did any of

the other nitrogen sources for barley, end larger, though not

cì +nì fi nrnl-l rr s6 . for oats aS itefl.ùrgrtrJ rUú.¡19¿J Jv t ¿v¡ ve-vÐ

Nitrogen and. Potassii¡n Uptake by Barley and Oats

The d.ata for nitrogen and poiassir-rl uptake by barl ey

and. oats are oiltlined in Ta-ble Ll+. irlitror¿en uptake parallels

nì-trogen content in that barley u-pt,ake of nitrogen exceeded

thai of oats Íor all treatrp,ents except the A.S. form luith

placement ?. Treatrnent rneans of nj-trogen uptake indicate

that for a-ny one fertilizer rate and placeirient the ii.S. forin

rvith the exce-íltj-on of the 1ó0-I00-i40 level r,rith placernent 2)

gave significantly larger u-ptai;e tha:r either of the other

nitrogen forrns. The larger nitrogen uptake associaied with

the.Ä..S. fori:n results frorn a combination of higirer plant yields

and higher nitrogen contents derived frorn this nitrogen form.

l/iiith oats, the Å.S. gave significantly higher niirogen
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uptake than either of the other tl¡o niirogen forrns, regardiess

of placenenL or' Íertilizer rate used. Daba on the recovery

n r ¡- ^ì i aÁ ni r-r-n ¡'an -nr^o qonf,êri i rr ,i l-lnendix f II rgf lecis ihis .(,r! ct,uyJ-Jçu IIIUI v5Çl¿ y¿ çÈv¡¡vvu ¿¡r lllvlJvr¡u4

For barley, only the f60-f00-0 fertiii-ty level i,rith pla.cernent

I had the A.S. form giving ni-trogen uptake significa-ntly

hic'her than for the other nitrogen forros. iio significant

irencÌ betl"¡een place¡lent and nitrogen upiake can be established

for elther cro'0.
..,..t. ::.-.1_.::

ts (Tat¡te I&) indicate potassiun uptake to :'i',j':;.i':'Treatment rnear

ha ei crni fi orrll-l rr 'l ¡¡r'¿e -.e.rafdle.s5 Of ni-r--ã^r^ r €^-' fOf the*-*--\,!J l-d..['5t I t i rÜÐ** --!urvÈìç¡r lvr¡;rt

160-1C0-I/*0 than íor. the 160-f00-0 fertility level. The one

o--¿nontinn is the S.if . form lvith placemeni 2. Ålso, potassiun9f!vvvv¿v:¡ ùv

u-ptake of barley is larger than tha.t oí oa.ts for eo,uival-ent

treatnents vriih the exception of the 0-0-0 treatment. The

d"ifference between the tv¡o crops, i',ihich agrees ltith literature

previously cited (6, Lt+¡ 26J rLs particularly large for the ij.r1ì..

-îa'nm i rresnostive of placenient or f eriility rate.rv¡¿¡¡, ¿¿ r vujJ

Generalllr, placenent 2 led to larger potassiwn uptake

fnr hnth n?.¡r-¡o r.ì.'an 
^ì 

r:l -'l qeer,rent I fe"¡.fdleSS Of fef-uiLiZeff UI UIJ LrII UJ. U lJÈ) Vl-lclr u¿u yÅO-v Er¡rv¡¡v À r võÇ(

r-pi-.o ôr nitrogen form used. I'Jone of the enhanced potassiuxl

uptake rìIith u-se of placenient ? is significant in the case of

the oat crop; hoi,rever, for barley, for both the "4..S. and S.id.

fornrs at the IóO-1OO-O fertility level, placement 2 gave sig-

nificantl¡r larger potassium uptake than placement I.

Phn.q,nl¡nrlls fin,'i'i rrnr flrl ni rrn' --Â Ì'rn¡"-nn¡i'fm COntent Of Plant liatefial.f 1lUÞ.ulI\JJ- L¿Þ, LTULfIL-IIII , Vd.IUJ-(lll! d'IILr .i!iøë;lrçÈJu

',t::;-1..
.;.::J:.
.i' t. .:'.

The phosphorus, sod-iun, calcium arid magnesium contents
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of oats ancl barley are outlined in Table L5. The phosphorus

content of barley was higher than that of oais íor coniirarable

treairaents with the e;ccepiion of the 0-0-0 treatnenf '
,.',. For icarl-ey, rega:'ctless of pla.cemen0 or íertiLízet raLe :.,:..;.-.::.:

.,i, ' - -o^- 
¡Ì":-.;;:;.,1

used.,theS.i\.|.carrierga.VeconsisbentIyhigher;ohosphorus

contents iha.n either of the tr¡o other ni-irogen forms

,,,. The 160-fO0-I/+O fer.tilizer rate, irrespective of pl-acertent 
,:;..,.;,:.;;,.,,,;,.

'' '': ::l:":':::' !":'.'," or. nitrogen form anC for coirrparable treatr:ients gave consider- ::'::'i::i-:::1:

,::. ably lower phosphorus contents tha.n did the tó0-100-0 feriilizer ¡;'¡;;ii;t';;

i" ate fo,r 'oarley. This is also true íor oats, the d'ifference

betr,veen the tt,ro fegbility levels being less pronounced -t'han

:

. , '- '
,t for bailey.

PIantmateria1yieldsforihetv,ioferiility}eve1sh1ere
', not significantly different. Consequently the above reults

, 
3rf¿¡+vs¡!v+J - l- - t 

, .. .

, *uggest possibte diíferences in the efficiency of the iwo

phosnhorus ca-rriers utilized., i.ê., liaH2PO4.HrCI for the 160-

100-0 level and KTHPO4 for the l-ó0-100-140 level.
,,.. 

t- + 
,:1,:;,,,.,,.1:¡

":L,t 
For both the ld.j{.. and A.S. carriers, for coinparable treat- .';,';,:|:t'¡,'- 

.., . ,r", ,

,,; ments, oats possessed lar:ger sod-ium contents than did barley. ..,'¡,:¡;,;",
i:.:.::.ir_.rl:l

i¡Iith the S.irJ. carrier sodiurû content of barley exceeded that of

oats for l¡oth placements and. fertility rates. '11'Ìus, it l';ould

I 
appear thai given a rea-cli-ly available source of soctir¡'ä, barley .,,,::.

,.,,..,i...,,

wi}l absorb more soi-iurn than will oa-us '

, As .;.,¡oulcl be e>cpecied., use of the S.li. Carrier leO '''o the

, highest sodir:rn content for both crops'

Sodir-ira content of both crops decreased r'¡i-r,h poiassi-um

,'. feriil-izaiion. The reason for the d.e;oression is rßainly related 
'.,:,."-',.¡,
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to the phosphorus and poiassiura carriers eraplo¡rsfl.

Generall¡r, sod.irxLl conteni of both crops hTaS }arger" for

placement 1 than for placelrent 2 considering cor:i1:a-rable treat-

firents, .¡!t che 160-100-11+0 fertili-r,y l-evel ti:e iì.,¡'. forrn gave

higher soCiurii contents for boih crops ihan did the A.S. cari'ier

regardless of placemeni used. Perhaps an exple.na.tion for this

observation rvould involve a colllparison of tl're t'IH,,+ and i'üCa-+)
forns; the cationic form¡ i.€. ¡ i'jli,+ exerting a depressive

effect upon the upiake of sodium by both crops. this observa-

tion O.oes not hoid- brue for -r,he f60-I00-0 fertiliiy Level in

i.'hich case ihe phosphorus is supptied as i'ial{tP0L.l{zÛ.

From Table 15 it rnay be seen that 'Ûhe calciu,n anc mag-

nesíun contents of barley i/ùere generally iarger than those of

oais for" similar ireatrients. .[Iso for anlr one cro1J, generallSr

calcium contents tìrere larger than inagnesium contenis for corì-

parable treat¡lents. Ti,lith fev¡ exceptions, the calcium contents

of boih crops regardless of carrier or fertilizer rate used,

ÌVere larger for placement 2 t'han for che alternate pl-acernent

for si:::ilar treatürenf s.

unlike calcium, placemeni of íertLLtzer did noi have

much eífect 'LLpon the raagnesim content of e'i'¿her crop. 'A'ppli-

catíon of potassiurn had a de;oressing e.ifect upon thr: tüagriesiu¡n

conten-r, oí boti: crops ha-ving placerneni l. Tiris obse.¡:vaiion

held. irue regardl-ess of niii'ogen for¡n and nlay be ai;ribuied

to na.gnesir..rm-potassiuJn antagonis::ri. liimi-l-ar observations have

previousli, been reported by several r';orkers (?, 9, 23, [1) '



OI

The S.l',1. carrier generally depressed both ihe calciurn

and ina.qnesiurrr conients of both crolls for both 1:iacernents ef

the 160-100-0 and fó0-f00-l-þ0 ieriiLtzer rabes. This is in

close agreement r,¡ith previously reported nor,c {39, 45)

Potassium RecoverY

tsarley had larger potassium recoverj-es (ra¡re 16) than

did. oats for compa::ab1-e trea'cnents. Trea.tment ileans of po-

tassium recoveries sho',,¡ no significani differences beNrveen

placer.nents for any cf ihe tiitrogen forrns; the highest irotas-

siui':r recoveries 'oein¡¿ rnad-e l'¿ith the jr.S. fornr e-nd ihe lea-st

wiih the S"N" form"

For barle1" regardless of i:lacement used, the .i..s. fornt

gave i;he highest potassi-rrn recovery values. The S.l'[" form

ñ.r?^ a-i mni-Pi nrnf,lr¡ lov¡er notaSsiUn reCOVefieS, fOf bOth plaCe-
åd,V ì' |f,-LÉrt¿tJUarau!J !vvru¡

vnnr¡r- ,.oa¿r rhan either Of the two other nii;rogen forflS.lll çlI U Þ UdÞ ttu t vl

For oats, irrespect,ive of placeroent, pofassir.l¡n recoveries

. were significantly }arger for the A. S. form than for either

of the other tr,¡o nitrogen forms used.

Po-uassium -iteleased or Fixed

Fror."Ì the data recorded in Tabte 17 i-u may "oe seen that

the release cha.racterist'ics of the soil crop;oed -t,o oats and

tn l-,cr--l orr l,îêi-ê c,uite sirnilaf fOr the 160-100-0 treatuient" FOfuu uq.¿J9-v vìv¿ v

both crops regardless of placemenb, release of potassii-lrn from

non-exchangeable forms lvas greatest generally for the ii.S. carrier



A2

TABLE ]16,,. PÛTÉ.SSTUIVI P,,qCOVãRY (PETCENb } 
I

i Fertilizer treatmenn Barley Oats Treatment
l[-P205 -KzA
lbs/acre

average

,,, (1) 160-100-140 A. s' 9l+.3 atbl 85.5 a2 89 '9 a

,' (1) 160-100-l-i+0 N.Ä. gO.3 b1 6L'9 bZ 76'L b
' (f) Ió0-100-140 S.N. 82.5 cl 53'L cZ 67'8 c

(2\ 160-100-140 A.S. 97.7 at 79.3 a2 88.5 a

, (z\ fó0-100-I¿+0 ls.A. 92.7 albl 6?.3 bZ 77.5 b

', {rJ 160-100-1/+0 s.N. 79 .g c1 59 .+ bz 69 -6 c

crop average à9.6 66.9

n. Percent potassium recóvery 3 yield of potassium x 100

potassíum' aPPlied
i¡::



TABLE t7. RELEASE (+) i\lrIJ FIXX'TIO]"í (-) 0F POTASSIUI'I IN

SOIL CR0PPED T0 OÄ,TS A}ID BAP,LEY (i:prn)l

Fertilizer treatrnent Barley Oats Treatrnent
N-Pr0<-KoO*,/4.'lrnq/¡nr a

average

0-0-0 +?3 .3 +28.I +25 .7

,,'..,., (l) 1ó0-100-0 A.s. +l+7 "2 +[9.0 +4.8.1

,., (1) 160-lco-o ld. Á.. +39 .2 +38. 5 +38 .9
:a )':' (1) l-60-100-0 s.N. +31. ) +39.8 +35.6

(2J l-60-100-0 .å.. S. +46.0 +l+3.9 +)+5.o

{2\ 160-100-0 l'{.Ä" +I+5.J +38.0 +4f .8

I (2) 160-100-0 s"i'[. +47.O +37.5 +42.3

I t f I 160-100-1/+0 A. s. -12 .1 9 "6 -l-0 " I

I (r) 1"60-100-1&0 I\i.*,. -11"L -L7.1+ -Ll+.Iþ

I trl 16c-100-]i+0 s.i\. -L6.4 -r0"1 -L3"3

' (z) 160-100-r/+0 Á,.s. z.z -Lz.z 7.2

i. Q) 1óo-1oo-1&0 I't..å,. 4.2 -L7.6 -f0.9
'. (2) 160-100-11+0 S.lü. 6.5 -L4.7 -10.6

Crop average +L7.1+ +14.9

1. Potassium released (+) or fixed (-) = potassiwn conient
+, of crop (fnitiat. potassiua + fertilizer potassium -'',' residual potassiun) .



o¿+

t.:_..:,',:,:,:

ar the 160-100-0 feriility 1evel. Àt the r60-100-t40 fertiliiv

level use of placei'neni 2 gave a srna.ller a-rnouni of fixa'Ûion for

t,he soil cropped- to ba.rley a.nd a larger amouni for. that cropped

to oats than did placement l. This rtas true of all three ni- 
,,..,,,',i
.: -.:.': : -

trogen forrns used.

Ca:K and I'J:K B,atios of Plant l"raterial
..l ,t..,t-',,

The Ca:K and tü:K ratios of both crops are presented j-n 
"):''::i::

Table 18. Regardless of placernent, fertilizer rate or nibrogen 
,,-.,,,:,,..
:.i: :.:

forrn used, the Ca:K ratios Vfere generall]¡ larger and bhe 1'[:K

ratios smaller, for barley than for oais. Hotfever, for the

160-100-11,0 fertilizer level v¡ith placenient 21 oats gave larger

ûa:K ratios than did bartey regard.less of nitrogen form employed.

Generally, for 'l¡oth crops gro"un and for aLI three nitrogen

forms r¡¡ithin each fertil-iby level, the ca:K ratios were larger

for placement 2 E]nan for placen'rent 1. .å.lso, irrespeciive of

n'i¡eernelrt or r,.'ir-.r-ncrcn 'florm used., for barley, adclition of po-
PJd'u\tllrÇlrv v¿ l¡¿ v¡ v6v¡¡ 

' 
- - - 

.;.,,,i..r,..

tassium, lolrrered. the Ca:K ratios. 
"¡,Íl'l':.'''..:'

For oats the .4..S. form generâl-Iy gave higher Ca:?i ratios 
:i:,,r,,,:-:.ri';:

than any of the other tr,vo nitrogen for¡:rs no rnatter what place-

ment or fertility level l4las used. Ëegardless of placement or

Íertilizer used., for'r¡oth crops the S'ii' íorm led to the loiv- 
,.,¡,.¡,.,,

est üa:i., ratios. This rnay be due to the fact that the depres- r:':'

sive effect of sodiurn upon calci um is greater than that upon

potassiixn iherefore leadlng to a lov¡er ca:K ratio' The greatest

d.epresslon of the Ca:K ratio uiih the S.i'{. occurs with placemenf



o)

TÅBLEI8 . Ca:K A,IJD N:K ft,ATfOS 0F FL.A'i'¡T Iti,q.TEnIÄL / .,

(calcul-ated. on basis of "í+ttt. 
per unit wtJ)-

Fertilizer
ireatment

CarK ratio i$:K ratio

N:iz9¡-Yt2O barley oats barley oats
Ibs/acre

(r) 160-100-0 A.S. ".61 .26 3.?! 3.O5

(1) 160-t00-0 N.A..40 .2L 2.1+o 2.7o

(r) 160-100-0 s.N. .27 .L7 2.65 2.98

( 2) 160-f0O-0 /1.S. "Lþl .33 2-?l+ 2-g3

(2) 160-100-0 N.A. .t+5 .28 ?.22 ?.1+8

(2j 1ó0-100-0 s.l'I..3Ê .?6 2.34 2.80

(f i 160-100-11+0 A.S. .29 .L7 2.LÈ 2.31+

(r) ró0-100-rl+0N.4..30 .L7 2.?l+ ?.38

(r) ró0-100-1¿þo s.N. .27 .L7 2,3O ?.81+

(z) 160-100-rl+0 A. s . . 36 . l+8 r. 80 2 .27

(z) 160-100-Ll+0N.4. .32 .41 I.89 ?.bL

(2t 1óO-I00-1¿IO S.N. "27 ,37 ?.2t 2*56

Crop average 0.36 O.27 2.3L 2.65

.i-i l.l:':

: t' :'ì ..:

Al î'-"-.t!.'¡,',1 '¡t Ií¡"{ , "llJ'''Í:'l "
i/

1 iil assumed to have a valence of one.
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ì,,¡:rii

1 for the 160-100-0 fertilizer rate and ruith placement 2 for

ihe 160-100-1/+0 rate.

considering ll:i( ratios at the 1ó0-100-0 ferbllity level ,

the lij.É,. forr,r gave the Ior,'¡es'c i[:K ratios of all nitrogen fornrs 
,ìi]l,fl
:.'1.:', :' :

airrl- øenerally, the ;i.S. gave the highest regardless of place-ç4¿\. t

nrent ernployed. for both crops.

These results may be explained as a compound effect of ,.,. . ,

'.-:,'-1-: 

":-:..:

the I B- îe,r vields associated with the À.S. forrn and the higher !:;:':";':';;
v¡¡v *sÀ trv¿ 

....:....:...:-..

K contents derived. from the ld.;t. form. Also at the saffìe fertil- ';',i;:-1';,i.,'

j+*, 'r ^,,n] nì -np¡4p¡l ? szve lg1''e1" i.i:]i fa-r,iOS than ;OlaCenient Iruy J-çvÌ'I lJrd,uÇu¡çrru ê óqvv

for conparable treacrnents and for all nitrogen íorms.

"[t the I60-fOO-f¿,.0 fertitity level ho,.'¡ever, ihe highesc

l,l:K ratios for both crops consideríng comparable treatmenLs,

were associated with the S.l'{. forrn and the lol¡est l'rere obtained

r,,rith the .å..S. form regardless of placement -tlsed. Again, gener-

ally lor,,rer ratios resulted frorrr use of placement ? t]nan from

placement 1 for both crops.



Experimsnt ïII

The experimenis reported earlj-er showed the existence

of d.ifferences j-n yields, potassir-urt content anci uptake by

oats and barley i+ith differenË niirogen forms and plaeernents.

Since only srnall- yield increases hlere obiained i,'¿iih potassiurn

fertilizailon in greenhouse experimeni fI, it r'¡as decided to

extend the study of the effects of varyj-ng niirogen íorrn and

placement to Ínclude soils knot''ln to be responsi-ve to potassiuni.

Thus greenhouse experiment fII r'vas initiated to study and

compare ihe effect of different nifrogen forms and nitrogen-

poiassir.ln placemenis on yíeld, potassium conteni and uptalce

hw hsr.'l ev s'ro.-,"/n On A CaICareoUS and a nOn-CalCareous SOil OfvJ Ò* -

lot* exchangeable potassiuril sta-r,us. Barley i'fas chosen as -uhe

test crop because of its inieresting behaviour and response

l-¡ ni r-rn can f nrm .en,'l nl : cement Va1. i-A-biOnS.u\J j.r-L uJ. vi5çl! ! vÀ ¡! Glru lJ¡svvÅ

The soils used for this stuciy trere a Pelan tnead.ol'r - and

a pelan calcareous nreador,v soil. Some of their characteristics

are given in Tables i and 2.

Twenty fertilizer carrier-placemeni treatments repli-

cated four tintes each l,fere used in greenhouse experiment IÏI

for a total of 1óO;oots. A blankei application of 20 rogrn S

per pot as ii,igS0/+ was mad.e at L/2 inch belorr¡ the seed depth.

The fertilizer raies, carriers and placement eniployeC in this

greenhouse experiment are given in Table L9.

The barlêY '.','as harvested l+1 days after seeding'
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H,esults and Ùiscussion

Yield of Plant I'iateria.l

Ðata for yield of dried plant rnaterial- are recorded

in Table ?o. Barley plani; rnaieri-al ]'ields on the calca-reous

soil are invariably larger than those on the non-calcareous

soil for comparable treatrnents at the 160-/+C0-0-20 and 160-

/+OO-2OO-20 fertiLizer rates. This ciifference in plant )'ields

r,uiih the tluc soils is most pronounced for l"he -A'.S. forrn at

both fertilit]¡ levels and regardless of placement used. For

treatrnenis receiving no nitrogen, barley yield*s foi' both soils

were coinparable considrering similar .olaceärent and fertili'i;y

ICV\'.LùO

Trea-tnient means of Ì:oth soils show no signifì cant dif-

ferences in barley pla.nt yielo.s arnongst trea.trnents receiiring

no-nitrogen. Holrrever, ihe 0-400-200-20 level irrespectj-ve of

placerrrent used., outyielded any of the other no-nitrogen trea'b-

ments. Considering each soil individually it is noted that

ihe non-calcareous soil benefitied. rnost from phosphorus appli-

cation. This observation ma.y be explained by the higirer

initial, N03-N or by the ntore serious phosphorus deficiency

of the non-ealcareous soil.
Consid.ering treaLrnent ineans of ihe 160-À.00-0-20 fertiliz-

er treatment, pla.cement 2 genegally outyielded placement 1'

For both soils and. both placements at the 160-400-0-20 level,

the Id.Ä. fornr gave the loi,"¡est plant yields of all nitrogen

earriers used.
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TÁ,BLE 20. DRT I,IEIGHT CIF' BÅJìJ,EY (EMS. PEr POT)

Fertilizer treatroent
N-P205-Kzo-S
lbs/acre

Pelan Pelan non- Treatment
calcareous caleareous average

0-0-0-20

(r) o-0-2oo-20

(3) o-o-zoo-zo

(l) 0-&00-200-20

( 3 ) o-4.00-2oo-2o

(1) 160-Å-00-0-20 A.s.

(2\ 160-&00-0-20 À.s.

(1) t6o-þûo-G20 lt.A..

( 2) 160-l+00-0-20 i\î..4..

( 1) 1ó0-&00-0-20 A. Èi.

\z) 160-l+00-0-20 A.N.

( r ) 160-l+00-200-20 A. s.

( 2) 160-&00-2oa-2o .¡1.s.

(3) 160-I+00-2A0-20 À.S.

(1) r60-l+00-?.oa-2o I{..4.

(2) 160-[00-200-20 hl.A.

(3 ) Ió0-/+C0-?OO-"O N. Å.

( 1) 160-¿+00-2oo-?o A.N.

( 2) 160-[00-2OO-?O,q..i\i.

( 3 ) 160-l+00-2OO-?O A.luf .

Soil average

illr F.IrI{ I_l_

1.13 f1
"l 1 ,. +--¿. !al, ¿ I

L,ZJ fy
L"27 fy
ll.0l dlel
l+.3þ dt
j.67 el
/+.08 d1"l
/+.00 dlel
4.08 dtul
6.Ivz albl
6.61 a1

5.1+5 cl
5.S4 c1

5.93 blcL

5 .l+9 cI

6.L5 atbl

5.57 c1

5.55 cI

4.L6

1.08 t2

I.l0 fz
¡ a/LtáO 12

I.l*B f2

L.l+l+ fZ

?.60 ez

2.69 ez

?.53 ez

2.57 e2

2.79 e2

2.69 e2

l+.76 a1b?

&.08 cZdZ

3.73 d.2

4.1+B a?b1cz

l+,50 a2b2c2

3,91+ c7dz

5.o) a2

4.32 b2e2d2

b.26 b2c2d2

3.O7

1.Il i
r.12 i
1.20 i
L.37 i
-|. Jo l-

3.30 gh

3./+I g

3.10 h

3.38 gh

3.44 g

3.39 gh

5.59 a

5.34 ab

4.60 f
- -/) .IO CCt

5.22 bc

1,.7I ef

5.59 a

l+.95 cde

þ.p0 de
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,4.n examination of the ireatrnent mean yields of all

nitrogen forrns used at the 1ó0-400-?^OO-20 íeytilize¡ rate

reveals -r,hat rvith the exce;otion of the å.i'i. fortn placernent 3

ôôr¡^ n'l ¡'ar- rri a'l ¡{s sirnifiCanJ-'l r¡ 'l nr.ran f hg-n eith.ef One Of iheÈ;éV(i y-Ld-rlv J ¿ÇJUÐ È!6¡¡¿4 ¿VqrlVlJv 4v utv¡ vr¿

other two placements. Flacement I tended to give yields

greaier than either of ihe other placemenbs.

ConsÍclering each soil inclividualty, ât the 1b0-400-200-

20 fertiliiy level, placernent 3 gave lov,rer plant ]¡ields for

both soils regardless of nitrogen forn.

Regard.less of soil u-sed, for the Å.N. form at ihe 1ó0-

&00-200-20 level, placer,rent I resulted in significanily great-

aæ r¡ial rìo r-l."c11 eithef One Of the Othef tl.¡O plaCemenfS. FOf('I J.LçJUÞ UIIq,rM VI¡ç¡ V¡¡ç v¿ vllv v v¿rv¡

the l,l.*.. form pla.cernents I and 2 gave approximately equiva.Ient

yields.

Di-sregarding placerrrent ancL cornparing nitrogen for"ms at

the f6O-400-?OO-2O iertlLizer rate, for -r,he calcareous soil

the A.S. form gave -ghe highest yieids and the ll.A. and ¡..]i.

forms gave a;cproximately equiva.lent yi-elds. For the non-cal-

careous soj-l both I1..,å.. and Å.lrÍ. gave approxirnately ecÌulvalent

yield.s, both these caf'riers being better t'hån .4'.5. in this

respectr.

The greatest response to applicaiion of potassiufl is

obtained. vfüth use of placernenÙ I regardless of nitrogen form

or scil. Banding of the nitrogen-potassiLúl fertilizer near

the seed appeaï's to be the more effective placernent. This is

in agreement wiih previously reported resulis 3[, L?) . Daia
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for the increase in yíeld due to iroiassitun are 1:resented in

ilppendix I\r.

considering ;olaceinent I for all niirogen cari'iers at

,ohe 160-400-200-20 fertility level, lor,.rest yields were oìr-

iained wit,h the irT.A.. carrier regardless of soil used. lrrj-th

placernent I lor..rest yields for both soils rvere obtained -v¡ith

+l^^,1 q Faø'aL/.[L= ft. U . ¿ V¡ ¡¡¡ o

Nitrogen ConLent of Plant iriaterial

The 0-&00-20c-20 level resulted in lot"rer ni trogen

content (fable 2L\, significant for -t,he cä.lcå.reous soi-l,

than íor the O-O-2OO-20 treatnent and both tirese fertilizer

treatments irrespective of placenient or Soil used, gave lotirer

n'l ozr.r- nii.r-noa11 contents than did the 0-0-0-20 fertil-it,)r level.
l/Åa¡¡v ¡¡¿ v¿ vóv¡r vv¡¡vv¡¡v

sxcept for the A.S. fornr r'r¡ith placenrent ?t at -t,he 160-

&00-0-20 and 160-400-200-20 fertilizer ra.tes plant nitrogen

contents v,rere invariaj¡ly larger for the non-calca-reous than

for the calcareous soil regardless of niirogen íorm or place-

ment. .å.Lso¡ âS Seen frOnr an e>caminatiOn of soil -ureat::nent

rneans, of all nitrogen íorms used at i¡oth these fertilizer

rates, ihe l{.å.. form provided the largest nitrogen contenfs'

These Crifferences in nitrogen contents v,rith use of the i'i..¡l'"

fnt-rn infêï,ê sì ø'niflcant for all ;olaceriienis at both fertiliiy
¿ v¡ ¡r¡ v*O

Ievels. Signi-ficance was attained for al I nitrogen forr'rs

r^¡ith the calcareous soj-l onIY.

For i:oth soils at the 160-L00-0-20 and 160-&00-200-20
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T"A,BLE 21 . N]TROGEI'{ CCI{TËì';T 0F BARLEÏ (percent)

Feriilizer treatment
N-P.'0c-Kc0-S

L)-

lbsr/acre

Pelan Pelan non- Treatrnent
calcareous calcareous average

0-0-0-20

{1) 0-0-200-20

(3) 0-o-200-20

(1) 0-&00-200-20

(3 ) 0-r+00-200-20

(r) 160-400-0-20 A.s"

(?l 160-400-0-20 Å.s.

(r) 160-400-0-20 ll.Ä,.

(2) 160-l+00-0-20 N.À.

( f ) f60-¿f00-O-20 ,1. liÏ.

(2) ró0-&00-0-20 Å.i$.

{r) 160-¿+00-2oo-20 Á,.s.

{2) }60-4oo-2aa-?o A.s.

(3) 160-400-?oo-?.o Ä. s.

(1) róo-hoo-zoo-zo N.,{.

(2) 160-4,00-?oo-2o I'[..4..

(3) 160-400-?00-20 hï.4.

(1i 160-400-200-20 Ä.1'I"

( 2) r60-[00-2ao-2o A.I{.

(3) 160-rå00-2oo-2o A.is.

Soil average

L.75 h1i1j1k1

1.63 K1

- aéL.O, JIKl
L.UT }t
l.4l+ ll
2"J6 b1

2.Ob dlel
2.!0 a1

2,6I b1

?.36 c1

2.I4 dl
1.80 S1h1i1

I. L',6 lI
I.89 ffgtht
L.96 elfl
L.93 e1f181

2.1J d1

I.78 s1h1i1jr
141.:":ì-Io ¡/I LlJl^I

L.97 elft

L.96

1.89 Ezhz 1.82

L.57 hziz 1.60

L.J? i2 L.59

I.3O i2 1.38

1.38 i2 L.43

3.56 az 3.O7

2.OJe2f7g2 2"O5

).66 a2 3,28

3,62 az 3.Lz

3.h.9 az 2.93

3.O3 bZ ?.59

?.L?e2l2g2 I.96

1.4.0 í2 L.43

2.29d2e2f2 2.49

2,38 ùzez Z.LT

2.53 d2 2.23

2.82 bzc1 2"5O

2.Ll',e1f ZE2 L.96

L,97 fz&z 1.84

2.6A "ZdZ 2.29

2.37

o

h

h

1

hi
b

of

ab

b

¿6

hi
af

de

r{a

fcr

Õ

d
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..-,.,,',.,',.,¡,ì'., .'

fertilizer rates, placernent ? gave significantly 1 arger barley

niti'ogen content l'¿ith the ld.Á. carrier than did siraila.r pla-ce-

ment r,'¡ith either the Å.5. or .q..N. forrns.

rit the f6O-bO0-O-20 fertility level, ;clacernent ? gave .r', ' .-
.:':-:-: : :'a:'.::ir1:ì.1

significanbly l-olver nitrogen contenis than ;olace;,rent I for
the À.S. and A.l[. forms for boi]r soils.

Flacement 3 involved. a sui'face application of potassiu¡n : : .

. -,.'.,-t.-r-,.', . .

i',ihich generally resul-ied. in lor,,rer plant niaieria.l yields (TaUle :'::': r':':

-1,1-l -.'..:-..:._: ::.-:

ãOj thus increasing the nitrogen content, Differences between ',','.,':,',',,,'.,

pla-cernent 3 and placemenis l or 2 v,¡ere significanb for the

I'tr.A. anci A.i'i. forms for both soils aL the 160-¿r.00-200-20

fertility level. Placement 2 caused greater depression of

ni-trogen contenl; i+ith the Å. S. íorrn than l.rith anir ef ihe other

ti,,¡onitrogenfornrsused.1¡orbotÌrfertilizerratesiheplant

nitrogen conteirts r+ith this placernent and nir;rogen iorr,i are

loi,irer for the non-calcå.reous than for the ealcareous soil. The

lov,rer availability of nitrogen bo the plani resulted Írotn
,',,-r.., ,-a,,.,', ,' :,,

srrr-îaee annl-i ca-tion of all 'tl:e ni'trogen as the less ritobile 'i'"'i":''ì"i

.,.-_ + ..:....:-......:...:: 
.I',ifir aOn. . -- ".: :& ': -,,

Potassi um Content of Plant i.iaterial

The plant potassium contents (fa¡te 22) of the 0-0-0-20r ¡::;',::,,¡,:;:.:..
:ì .:':¡:r:.: :..;:r..:

0-0-200-20 a-nd 0-À.00-200-20 treatrnents are generally higher

íor t]:e calcareous than for the non-calcareous soil for com-

parable treatments ir'iih the exception of the 0-0-200-20 treat-

rnent r,¡iih placei:ient l. The 0-400.-200-20 fertijizer rate, irres-
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TLBLE22 " POTÂSSIUþï CO-I\ITEI,JT tF IIAR,LEY (percent)

Fertilizer treatment
N-Poû<-Kc0-S

Á- -) k'l he /¡nz.a
-veÍ 

svt v

Pelan Pelan non- Treatment
calcareous calcareous average

0-0-0-20 3.69 btct
(f ) 0-0-200-20 3.Sl+ *Ibl
(3) 0-0-200-20 7.92 aL

(1) 0-400-200-20 3.66 btcl
(3) 0-&00-200-20 3.53 c1

(r) 160-4,00-0-20 Å. $. 1.Ll+ gr

(2) 160-l+00-0-20 A.S. I.35 f1
(1) 160-[00-0-ä0 hi..A,, 1,06 91

{2} 160-þ00-0-40 N.A. 1.07 g1

(1) 1ó0-¿',00-0-20 A.i{. I.04 81

(2) 160-¿+00-0-20 Ä.N. 1.05 gI

(1) r60-ll00-20a-20 A,s. 2.86 dr

(2\ 160-l+00-2OO-2O Á,.S. ?.95 dI

(3) Ió0-¿IO0-2OO-2O A.S. 2"3b eI

(I) 160-l+00-2OO-2O N.A. 2.4? et

(2) 160-¿100-200-?0 N..&. 2.1+8 e1

(3) 160-&00-7OO-2O i'i.Å. ?.1+l+ el
(r) 160-400-2oo-2o A.l$. 2.8/+ dl
(2) 160-&00-200-20 .å.1¡. 2.85 dt
(3) 160-I+00-200-20 A.iiÏ. 2.41þ eL

3.L7 d2e2f 2 3.1+3

l+.?7 a? &.06

3 .88 U, 3 .gO

3.56 bZrZ 3.61

3,?5 cZùZ 3.39

L.L? Lt2 f .f3

L.L7 h2 L'?6

L.23 h? L.L5

L.L7 h2 I. 12

L "L9 h2 I. rr
L.O3 hZ I.0l+

3.AL d2erf 2 ?.95

3.53 bZcZ 3.L9

2.57 E2 2.ü.1þ

2.BS e2f2g2 2.65

?.87 e2f212 2.6à

2.6L 92 2 "53

?.86 fz9z 2.85

3.23 c2d2e2 3.0¿r

?.83 fzEZ 2.6h,

2.57

b

bc

arl

ì1¿

ì
.)

jk
jk
jk

Jit

T

de

t_

h

æ1.'ó¡¡

i
Lb

h

ef

5oi1 averase 2 .l+l+
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neeti rre of ;1'l âr'onlont l:sed I ^--^* *^iassiuirt ConilentsysUU¿V U UI iJ¿cL\,8!llç=1M¿Ðçu, ¡;úVU .|rsJ. iJv

tha.n did the 0-0-200-20 level. 'lhe ,i.ifferences ,.\¡ere siE-

nificant foi' ìroth soils r'¡ith 1:lacerrren-r, 3.

Gonsideríng the r-60-&OO-C-20 feriility level, tLre Å.S.

foriir resulted in la.rger pla.nt potassitxrt coir'¿enL than any of

the other ilr,o nit::ogen forlrs for the calcareous so1l regard-

less of placement used. i'trith the non-calcareous soil at the

sairle feriility level- and fo:: Ì¡oth i:lacernents, plant potassiwr

contents are simifar for all three nitrogen forms.

tonsidering plant poiassiun content at the Ió0-¿100-2O0-

20 feriilizer raie, values ivere invariably larger .for the non-

ce.lcareous tharr for the calcareous soil for sirnilar treatrnents.

The iiif:flerence be'bleen the tr.¡o soils generall)r Ì¡ias largest
I

rrrit,h ¡rlacement 2. Á,t the f60-&00-200-20 ÍertÍ] it)' level, great-

est variation in potassirxr content r,tith .oJ-acernent was obtained

v¿ith the A.S. carrier and, least l"¡ith ihe ;'j.Â. carrier.
For the calcareous soil at the 160-/+00-200-20 fertitit'y

Ievel, plant potassium contents for both placenenis 1 and 2

v,rere very sinrilar for conparable nitrogen forrns. fn general,

for the non-calcareous soil, placement 2 gave ihe larger plant

potassium con'tent. This was particularly 'i;rue for the ;1.S.

and Á..i'.I. fornrs rvhere differences in potassiurit content beti,ueen

placer:rents l- and 2 rvere signif icarrt.

Discussing only placerrrents I anci 2, the ll.Å. souree re-

sulted in the lor.¿est plant potassiurrr con|ent rç'hereas both the

À.i[. and À.S. forras provided approxirnatel¡r silnilar significantly
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larger poiassituit contents for the calcareous soil. For ihe

non-calcareous soil- Nhe li:..ê.. carr':-er gave the lol¡esf plant

;ootassir.un ccnteni v¡hile the .¡\. S. source provicied potassium

contents larger than either one of the other tlvo ni'brogen

sources for placernents I and 2.

For bo-r,h soils at the 160-&00-2OO-20 fertilÍzer level,

of all three placernents considerecl, placeilent 3 gave the lotr¡-

est plant potassiurn content. This inoicates ihat surface ap-

plied þoLassíira, ised.orr¡e.rriÈn availaìri lity than poiassiu-n applied

beloi,v t,he seed. and agrees with resultst' indicabing lou nrobiliiy

of potassirxn eveÍ-r in sandl' soils.

T\Ti .l- -¡n æa-n TTnt ol:a l.rr¡ Pq r-'l or¡t\ -L uL \Jóçr¿ uru ueÃv u J uq¿ &eJ

The data for nitrogen uptake by ba-r1elr âre pï'esented. in

Table 23. There Ì.fere no significani O.ifferences in nitrogen

uptake of the 0-0-0-20, 0-0-200-?o, and 0-l+00-200-20 feriilizer
ret,e.q jrres¡sef.irro of nl.?eeÍlent or soil used. For these treat-!qvvp ¿À¿vplvevv¿vv

ments the non-calcareous soil tended 1;o give slighily higher

nitrogen uptaice than did the calcareous soil.
Generally at both the 160-/+00-0-2c ancr 160-&00-200-20

feriility levels and f or all pla.cements and nitrogen foi'rns,

nitrogen upiake i'ras larger for the cal-careous than for the

non-calcareou,s soil for compara-ble irea'[rnents.

For boih soils at the ró0-4-00-0-20 fertility level place-

e' Errol Lewis - Unpublished B.S.A. thesis, Dept. of Soil Science,
" U. of ii., 1967.
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Ti+BLE 23. NfTiaOGEl; UPT.4J';E BY tsriRLTtY (mgs per pot)

Feriili z er treatr;ieni
N-P20 Ã -K'0-S
lbs/acre

Pelan Pel-a.n non- Treatment
calcareous calcareous averafle

^a\^^a\\J-L,, -L,, -¿\_/

(1) 0-0-200-20

()) 0-0-200-20
(r) 0-400-200-20

( 3 ) O-1"00-2OO-20

(I) 1ó0-[Co-0-20 ",E.S.

(2) 160-&00-0-20 A.S.

( 1) 160-b00-0-20 ti . Á..

(2) 160-¿p0-c-2o id. Â..

(r) 160-400-0-20 .å..ii.

(2) 160-/+00-0-20 .4..l,t.

(r) 1ó0-4.00-2oo-2o tr..s.

(z) t6o-r+oo-?oo-zo .A.. s.
( 3 ) 160-400-?OO-2o l!. S.

( r) t6o-À.oo-zoo-zo irt..il.

(2) 1ó0-400-2OO-2O id..A..

(3 ) 160-&00-2oo-2o ld.i\.

( r) 160-400-2co-2o ^å..td"

(?) 1ó0-l+00-2oo-2o Å.N.

( 3) 1óo-¿f00-2oo-2o A.i'J.

Soil average

fÇ.8 h1 ?O.j h2 20.1 h
18"5 h1 L7.4:n2 L7.9 h

l-8. B h1 L9 .L Lt2 18.4 h
I8.ó h1 LÇ,2 h2 18.9 h

18.4 hl ?O.3 kt2 L9"3 h
ì.03 d1e1f1 92"6c2d2e2f297.6 cd

t9"5 g 5l+"6 gZ 7?"O g

106 b1c1d1 93"1+ d2e2f 2 99"2 c

105 c1d1e1 96."4 I01 bc
b2c2C2e2

9L.6 ftgf 97 .2 95.7 cd
1t2c2dpe2

86.9 gt 8I"0 f2 S4.0 ef
LL5 atbt 100 a2b2c2d2LOB ab

^/ 
F/ n/96,L e1f181 56"9 gz 76.5 íg

103 d1e1f1 87.5 d2e2f2 95.2 ccl

11& a1b1c1Ioó a2b2c2Llo a

If4 aibtcl lll a2 114- a

119 a1 trl a? LL5 å-

109 b1c1d1 107 a?b2 108 ab

95 "2 ftet 8¿..8 ezf z 90.0 de

109 b1crd1 110 aZ f10 a

à?.7 7 u.?
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inent 2 generally gave loi,¡er nitrogen uptake ihan did placeneni

I for all nitrogen forriis. This dj-fference t'üas significant
r,'.i-th both soils íor the Ä.5. forrn. The li.Á.. form gar¡e si:g-

nificantly higher nitrogen uptake than either one of the

other tr,uo nitrogen sources for both soils vrith placement ?.

Considering the 160-/+00-2OO-?O feriility level, the

N..å.. form generally gave the highes-u nitrogen u;otake for both

soils regardless of placement used.. i'íithin ihe i\.Ä. form

there urere no significant differenees in nitrogen uptake l,¡ith
-nl nnnrnnn{- -a^F either Soil. Cglilparing nitrOgen fOrrnS, Withtvl(lt ç.Litçrl U !\JI vv¡iliJql !r¡ó ¡¡¿

pl-acernent 2, the ltl..å.. form gave nitrogen uptal<e values sig-

nifica-ntly larger than these of the ,{.S. or A.j'[. forrns. Thi-s

trend in niirogen uptake may be explained by the higher ni-
trogen conteni of barley fertili-zed rvith the i-{.4. carrier.
The fact thai placerrrent of nitrogen as id.À. at the "L"fa""
did not depress its uptake by barley on either soil ntay be

related to the high rno'oility of the nitrate ion. Ðata for
the recovery of apptied- nitrogen presented in Appendix V

confirm this observation. A,gain, cornparing nÍtrogen forms

at placeraent 3, the I\T.4. forrn gave ni-t,r"ogen upiake values

o j æ-ni fi ^on+l tr þ j sher f,han 1;hOSe Of À.II . And À.S. in the CaSeÞ -L51rJi -L \,úrr UJ-J .!rrórf çÀ ul¡q¡r L

of bhe calcareous soil and, for the non-calcareous soil¡ SaE-

nificantly larger iha.n that of ihe ji.S. form only. For place-

ment, 1 fo-2. Ì:oth soils there r{ere no significant differences in

nitrogen uptake with differ"ent nitrogen forns.
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Potassium UPtake bY BarleY

ì,Iith the exception of the 0-0-0-20 ferllltzer treatrnent,

: potassiu-m uptake values (Ta'ote 2l+) for the non-calcareous soil
-:.1 

ll'::t: 'ì:.,.. exceed those for the calcareous soit for all the nô-nitrogen :,r,rii:,i,.,:,
..t, 

-:" "i'_:'

treatments. For coniparable treatälents at the 160-400-0-20 and

I 60-;+00-200-20 fertilizer rates potassir:.rn up-r,ake vras invari-

,.,, 
ably larger for the calcareous than for the non-calcareous ':.':..':. ,,,;;,

,., soit. The difference bei'ir¡een soils, disregarding placenient, ::*;'..:tt:

t j :.' 
rt,;t,t r:.;.t:.- tt.;j.'"" t¡as laraest for thg Ä-.S. form. i)':t').:-:::!t'::

,íit the fóO-L0O-0-20 fertilíty level the I'i.Å" and ¡i.lt"

fornts gave approxirnately equivalent i:otassii;rn u.ptake, both

: being Lor¡rer for comparable placetlents than ihat of the A.S.

' form for the calcareou-s soil. There i'vere no signif icant
,,,f ---ic]iífer.encesordefiniietrendsestabIishedbeti,'geenpoiassj.tmr

uptake and. pla-cement or nitrogen íortl at uhe tó0-i+00-0-20

' fertility leve} for the non-calcareous soil'

:.::; A,t tÌre IóO-A'00-2OO-2O fertility level for both solls ... .,:. . -. -.

.:i.: ¡,;.:,i- 't;; 
',,-:,t

:i: vn-cn placements I and. 2, coi"n;oaring potassiurn uptake associated :;' :::

,:l-t ,:;:.,:,' .,:t: :-: : .-

::,t wj-th the three differeni nitrogen foz'ms, uptake valu-es are ', ,," 
",

, ]ai.gest for the Ji..S. and least for the id.A. forrn. Significanee

.,.r is attained for all cornj:arisons betr+een these trro àitrogen

,'1.: carriers for the calcareous soil rvj-th placemenis 1 a-nd. 2. For ..:,'.,,.,n,..-- i:: i:..-:11.::.

the non-calcareous soil, none of the a.bove cotriparisons are

siþnificant.
The lower potassium upbake values obiained are relabed-

:.. to the loi,.¡er plant material i¡ields and lower potassium contents : . .
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T;\BLE 24.. POTÄSSflJt.{ UPTAJ{E BY }3ARLET (mgs per pot)

Feriili-zer treatnent
tÍ-P20 ( -K20-S- ¡/

l-b s/acre

Pelan
nql ncÌâêaì1rq

BeLan non-
calcareous

ïr'eatment
average

0-0-0-20

(1) 0-0-200-20

(3) 0-o-2oo-20

(r) 0-Loo-2oo-20

( 3 ) 0-¿100-20o-2o

( 1) róo-&oo-0-20 a.. s.

(2) 160-¿+00-0-20 A. S.

(r) 160-&oo-o-20 ti.Á.
(?) t6o-&oo-o-zo is. A.

(f) 160-b0O-0-20 .í|..ld.

(2\ 160-400-0-20 A. |1.

(r) r6o-t+oo-2oo-?o .å..s.

(2) tó0-/+00-2oo-2o Á. s.

(3 ) r60-¿f00-2oo-?a A. s,.

( 1) 160-&00-200-?0 l\tr..¡!.

{2j 160-400-?.00-20 I{. il.
( 3 ) 160-&OO- ?OO-2O II..,q..

(r) 160-400-2oo-2o å..t{"

(2) 160-r+oo-2oo-?o .å,.i\i.

(3) 160-400-2}o-2o A.N.

Soil average

l¡IoO

Lt)av

l+l+.7

4o. )
Ì+5 "O

iai n)o. I

4J. I
tì F
+L. ./

LrZ.5

r Êa

r r\rìIÓÕ

128
't ,. 'tr4lÀ

Ll+7

'l 
"r,L./+

1',7LL T'Y

thw

r))

9l+.O

h't--r

hr"r
h1

hr__l

h1

hr

h1

h,-'r

arbr-

o. I

r1
dr el

^- .l -vlsl

or fl-vt* |

h.

cI

?,, 2

try a*[ca

,.È o

)¿ oo

Á¡-O. ö

êJ ow

^r 
I

)LÔ +

?'l n

3L.2

32 "9
^- 

al-r. | "ö
-ttl
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11,
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97.1+

127

t/v

lô2

1,.2!4.)
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k kek
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r:l ^
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I^Y,a

¿''L

'ao¿

ezrzTz
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a2

2^

L

ã>bc

g ^h^

2^'¿
ê.q

v2

37.9 gh

45.Le f g
t/ 

^40.ö rg

bg.5 f
l+5.9 f g

37.3 gh

kl+.9 fen
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37.? gh
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I18 de

L59 ab
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hr

hr

d1e1f1I20

n1 0I tc/
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of the ba.rley fertilized r,uith id.r\. Nitrate niirogen has been

reporËed- by other lrrorkers (3I, 3l+) to depress potassium con-

tent v¡hile increasing the nitrogen content (Table 21) .

Placement 3, regardless of nitrogen forrn used at the

160-400-2AO-2O fertility level for both soils, generally gave

significantly loler potasslr.mr uptake than either of the other

two placements. This is a reflection of both lovrer potassium

content and yields of plant material associated r'vith placement

3. For placeinent 3, r'rith both soils, the lol'rest potassitur

uptalce t¡as obtained l"¡ith the Ä..S. source and the highesb up-

take wil,h the Ä.1''!" carrier"

These results parallel the plant yield and nitrogen up-

take daõa presented. earlj-er in the discussion in that of all

nitrogen forms employed, the A.S. appears to be mosi critical

lvith respect to placement. They also indicate ckprnical and

positional availability differences amongst the nitrogen sources

utilized as proposed by ( 56) .

Phosphorus, Sodium, Calcium and i'[agnesium Contents of Flant
It{aterial.

From TabLe ?5 ii may be seen that regardless of pla.ce-

m an.i-. f ot t i 'l i lrr -l or¡o'l nr ni +F^tran fnr-rn lrqod . nhn snhOrUS COn-
----Úy IUVç-L, L¡I rfrul vóvr¡ !v!¡¡¿ svvs

tents t\rere invariably larger for ihe calcareous than for the

non-calcareous soil-. ifith the calcareous soil a fairly large

depression of plant phosphorus content occurred upon addition

of potassium. ldo such trend was observecl for the non-calcareous
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soi-l ,in spite of a significe.nt increa-se in yield of barley

for ihis soil tvith aci.dition of potassiu-m.

i''fÍth placetnent I at .roth the 160-¿+00-0-?0 and lÔ0-l*00-

2OO-?O fertility level-s, for the calcareous soil, the .å..S.

form sâve hir'.her nhnsnhnrrrs Contents than did. the id..å,. fofrn.¿v¿4¡

This was also the case for -uhe non-calca.reous soil at the

160-400-2OA-2O fertilizer rate only. The forementioned ob-

servation is i-n close agreement lvith the jiterature (lf , ?L,

¡ ¡\37, t+t+) where intimate rnixing of the NH&+ form with the phos-

phorus source was found No enhance phosphorus upiake. t'tith

placement 2 no consistent di-fferences exist betvreen the two

nitrogen sources for either of the fertility levels or soils

used.

Pl-acement 3 gave I arger phosphorus contents i'¡iih the

Á,.S. form than r,,,rith ihe N.A. íorm for both soils at the 160-

à00-200-20 fe:'tilizer rate. Placerneni I involves surface ad-

dition of potassium lvith ttre nitrogen and phosphorus sources

being intirnately associated lcelor,'r the seed. Phosphorus con-

tents with placernent 3 are ec¿uivalent to or slightJ-y larger

than phosphorus contents obiainecl with placeritent I for all
nitrogen íorrns and soils.

Generally calciuni contents hrel1e larger iha.n either tnag-

nesium or soCium contents for comparaìrl e treatraents for both

soils used. îiegardless of soil or placement used, Nhe 160-

&00-0-20 level gave ihe largest cal-cir.::n, üiagnesiun and sodiunt

contents of ail fertilizer trea'bments used. åpplicaiion of

;ootassium, depressed calciurn, rnagnesium and scdiun contents

rlr



'1n:"' n^r4n.-nrhlg ireatnents wii]: bOth Soils. ThiS inAy be eX-

plained by an increase in plani lia-r,eriai tvith pofassiunr a-o,cJ-i-

cation as well a.s the antagonism betl.reen ihe potassiuro ion

and the calcium, rnagnesi-urn and soci.iuin ions(l!, 23, 39, 4L, .,,.,,' .:.':::;--:

| - Fl \4)t )L).

Placerrrent t inva:"iably gave higher cal-cir.,rln contenbs Íor

both soúl s a.nd for all nitrogen forrns at both the f60-400-8-?0 : , :j

.,..... 

":.t,and 160-¿+00-200-20 fertilizer rates than did placetnent 2. This 'r:':;

. -:... ::.:.

ïÀrâs p'enerallv tfUe fOr the SOdiUm And mAgneSiUm COntents AS ,,:.:.''.,r'

"'^'r ì ^-ì't-1-^"^ì^ for these the dif.ferences bet!''¡een ;olacernenisw \'J-L q.r vllu L¿ó-LI

Ìrrâì-ê ì.rôf. ås nronounced.l-.

ris noted earller, for 'r:oth soils aird all ni.brogen forms,

nlrnairran+. '1 *esU-lted in larger nitrogen Conien't anC nitrggen
iJ&q v

untal<e br¡ 'berl or¡ tlr¡n rìi d rrlaceinent 2. Tiris iniiicat,es aq¡, vq-rv vu¿ 4vJ 
. .

i¡ne'ì 1--irro -¿olotiOn betWeen -t,Otal nitrOgen Cgnteni and tOtallJvu+ r v¿q

ca.tions as has 'oeen prerriously ::eporúecl (f3, 2Û, 3f) .

For the fó0-l+00-?0O-2O fertitiiy i evel, placet,ient 3, in
,': ;-'; 1.,,t..

v¡hi eh the notassitxl ln¡as aitcLed. to the Surface, resulted. in iit;ìf,rrtrl4vl¿ ulrv lJvvqu\r¿\4lr r¡su .,..,.,

lenê-i1â11 v h j o-lrer eglei l¡m - rnô'rñô -i 'rrrr n'nrl SOdLiUiil Cglltents fOf ,':.'::'i 
;

¡1çrrç¿ LrLLJ rrrrrf vr vq4uJ4¡r, ¡rIcLåiIçÈ)I (Iril (1lru ÐULL!u¡r¡ UvrrvÇrrvÐ ¿U¿
r.:..:.':

both soils than either of the other tuo placenients for con-

---^.^r n -l--¡a^+,:lenis. '-ll.)i S t-riay be att::ibuied i:ra.inl-)' to ihe.Ud.I ø. U I \: U .L ç d. t/I

I olrer nlant 1¡i aT rl c , 'i t h rr1 1gg1.1gnN 3 . :.r:. .Àvrlur LTL*LL e J JÇJU_ù rrrulr i./¿Gvçr.IÇr!v ). 

',,,::',,,:,..,

For' :roth soils consi-dering sii'ilar treatrrrents a':cl irlace-
r:rnnl-o 'l c-¡-o¡- Ca_l CiUfi COntentS itei. e 3eirerally Ob;ained fOf ;heltrYrlvù -L4I5ça u(,-ruru:¡ uur¿vçr.

lrI.;I forn 'uhan for the ;1.S. íoi'rii. '"fortc cone previously (2i\)
'.:

on ihe effect of niirogen;-orm, i.e., ilCa- vs l,lH¡,+, on calciuíl)+



ì,ñ+rr/^ æ-ra¡^ -illilar resul-us. This trencl is noi as Cistinctt¿ij u cr.¡\s Éct v r.i Ð -

f orr¡al"ire.qi urn - ilari,ieul a-rlir for rhe rton-calcareous soi]- ',.fherev_vv-__-* _J

the .å.S. generally ga.\íe higher lliagnesiurit con-uen'bs ihan did

the ii.É.. forrn for coinlta.::able ireatr:renLs.

Calcium contenis shol'¡ed greater variati on ',,,iith ¡;Iacerireirt

ancL nitrogen forrns than did rragnesiu¡n conients, aird v¿-r'ia.tions

were larger for ûhe non-calcareous ti'ian for the calcareous

soil. The calcareous soil gave genei-ally larger bar'}ey sodium

contenbs for l¡oth the 160-400-0-20 and 1ó0-l+00-200-20 fertilizer

rates than Crid t,he non-calcareous soil.

Potassiurn 1Ì,ecovery

Potassium recovery data are presenied in Table ?6. Gener-

-'l 1r, .^¡.{-¡ ^oì ' Êre I er.."er fof the CaICafeOU-S thanA-IIy, pOlaSS'r UiÎ1 I'eCOVejî3.eS ar ç +a.r åv¡ !v

for tþe non-calcar.eou-s soil consideríng corntcarable pl acements

and nitrogen forms. iruêgâIdless of SoiI used, potaSsir:¡r re-

coveries of all ihree nitrogen forrns are lowest for placernent 
.

3. This d.ecrease in recovery i¡ith placei'rient 3 is significant

u,,hen cornpared to. the other ir'¡o placemenis, for the calcareous

soil r¡¡ith the A,S. ancl A.i'{. carriers. Tn the case of the non-

calcareous soil significërnce j-s a'biained for both A.S. and

l'ü.,å. .iorms. i,leither for soils nor nitrogen placernents r,,ras

there a significant clifference in potassii¡:i recoveries 'ne-

ti,''¡een placernents I and 2'

For placenents I and. 2 irrespective of soil used, the

potassiu:n recovery ValLles are lOi,¿eSi íor che irj'..{,. fortn and

hiEhest for the J".S. source.

s6



TABLE 2,6. POTASSIUi,,I H,EÛC''fiiF¿Y ( percent)1

Fertilizer treatrnent Pelan Pel-an non- Treatment
N-pr¡c-Ktp-S calcareous calcareous average

^. 
u t/

¿DS/ aCre

(1) 0-¿+00-200-20 ?).? Îa 26.3 c2 ?t+.7. g

., ( 3 ) 0-&00-200-20 2?.6 f1 23 .t+ c2 22.9 . g

' (1) 160-400-200-?0 A.S. 9L.3 al 7I.9 aZ S1.6, a

I (r) 160-¿þ00-200-20 A.s. 94.r ar ?z.o a2 83.3 a

(3) 160-/+00-?0A-20 Å.S. 6t+.2 e1 l+8.7 bz 56.1+ f
(1) 160-400-200-20 N.A. ZO.7 otel 6i.7 az 6T.2, d.

, (2') 160-/+00-?0A-2A lS.A. 73.3 cldl 6t,.3 aZ ó8.8 cd

(3) 160-400-2A0-20 N.4,. 67.O dlet 5L.t+ bZ 59.L ef
(1) 1-60-1e00-200-20 "+I.It. 87"2 rlbl- TL.5 ^Z 79.3 ab

(2) 160-I+00-200-20 A.N. 79.1+ b]r1 69.5 a? 7l+.1+ bc

(3) 160-l+00-200-2A .4..N. 67.3 d1*1 60.2 azbz 63.7 , d.e

soil average 6T .3 ti6.6 iii't:""

'.'.:
,t'' i t -t.

I. Percent potassirrro recovery : yield of potqgiitxn x 100
potassium applied
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F,elease and Fixation of Fotassir..r¡l

Ilegardless of placernenb, niirogen form or ferii-lizer

rate used, ihe non-calcareous soil invariably fixed iilor€':- .,, .. . .,::: : : .: : .:.:' :ddad eotassiru{ and- released less non-exchangeable potassium :i-'1.:,:': 
:.:'::;':l

_f

than did the calcareous soil (Table 27).

This observa.tion coul-d be relabed to ilvo tnaìn factors;

I ) efôÐ 1.e'rîO'\¡;r'l nF -anl-.¡aeitrr i ^ nn{-o^-i ",." .'nin1¡^ by baf}ey ,.i... ..,,.,Ll ur vI/ ¿ vr4vvd.I UI PUtrd.ÞÐ-LLlltlt J-ol:,o I IJUUcIÞÞIL,lt:l L-rpuafr(j tJJ Ud.I-LttJ j...r ..rlrl

: was larger for the calcareous soil than for the non-calcareous

soil. Ti'lus one r,¡ould. er(pect less solubl-e po-uassii.rn and a

larger shift in the ecluilibriurn betleen exchangeabl-e aird. non-

exchangeable poiassilxï for ihe calcarecus soil- (57); 2) ex-
.

r changeability of absorbed ;ootassium decreases vuiih decreasinE

degree of potassirxil saturation of the exchange conplex (l+3).

Table 2 indicates that the calcareous soil had a higher potas-

silun saturation than did the non-calcareous soil.

At the I60-¿k00-2OO-2O fertiliti' level r.vith troth soi-ls,

placeitient 3 gave the largest fixation of applied potassii.un.

Tn this lflâcern^n+ :rar^ooirrrl r^¡aS" add-ed tO i,ne SOil SUffaCe andÀ¿r v¿r¿p :v¿qvV¡IIì'IIU lJV UcËÐ¿l.u¡

presuaably such an arrangenent 1¡¡oirld tLreoreLically increase

the nunber of fixatìon sí'ües, consequenily nore oí the potas-

sium ion i s fi:'.ed. t6, 56) .

The A.S. forra gave ihe largest variation in fixation
r,.¡ith placement at the 160-400-200-20 level.

Ca:lt and l\:K H.atios of Pl-ant i:.taterial

Both ta:K and I'i:K raiios ('Iable 28) behave sirrrilarly to
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TABLE 27. RELEASE
CH.OPPED

(+) AND FI.JIATIO\I (-) OF POTÀSSTUIVI fN
TO BÄ,?'LEY ( ppnr)r

SOILS

Fertiliz er'r,reatrnent
\l-Pc0r-Kr0-S

a. ,) tu

Ibsr/acre

PeIan
calcareous

Pelan non-
cal-careous

Treatment

0-0-0-20
(r) o-o-200-2c
(3) 0-0-200-20

(1) 0-&00-200-20

(3 ) 0-i+00-2oo-2o

(1) 160-¿þoo-o-zo

(2) 160-&00-0-20

(1) 160-400-c-20

(2) 160-&oo-o-20

(1) 1óo-4oo-o-20

(2) 160-&00-o-20

(1) 1óo-4oo-2oo-20

(2) 160-&00-2oo-2o

(3) 160-&00-2oo-2o

(1) 160-¿{.00-2oo-?o

(2) 160-¿,,00-2oo-2o

( 3) 1ó0-400-2o0-2o

(r) 160-400-2aa-2a

(2J 160-400-2oo-2o

(3) ró0-400-2oo-?o

Soil average

il.. S .

N. A.

N..å..

A.lrl .

A. }J.

hQ

A. S.

N. Ä..

N.å..

N. A.

Á.1ñ.

A.ltj.

A.id.

-)).ó
-ou. )

-OU. I

-62.1o

+L7 . Lr

+2I.1+

+ro. J

+Ll+.9

+L+.5

+I[. 5

--L+. \.,,

.\ .|o.o

-39.2

-32.1+

-¿).o
-32 "L

-L?.L

-22.1+

-28.2

-/ ¡{
-IO. Õ

+ 1.8

-o¿l.. u

-o¿")

- o"2

+ 0"9
+'ì?

+ )"2
,^aì+ á¡O

+ 0.1

-J4.o

-JO. O

-55 .5

-1v3.9

-39.4
-l+l+.O

-3?.4
')) "o

-)ó.+

-3O.?

Y.á

-2ó. O

-O/")

-or. J

-ot .4

+'ll 2

/dA+ ó"Õ

ful

¿Ê'7

+ 7"3

-¿+.4

-22.7
lt'1 |

-*l o*

-tó.1

-3?.5

-Jö . J_

-22.3

-?9.O

-33 "3

lo Potassium released
of crop (Tniiial
residual ootassiwrr.

(+) or fixed (-) = potassiuÍi content
potassirrn + ferti1.izer poiassiun -
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TABTE 28. Ca:K A,i']il i{:K
basis oíeqvt"

F,ÄTIOS 0F B,4,ELET (Calculated on
rnrt. per unit Ìft. ) r

Ferbilizer treatment
N-Pe0Ã-K20-S'./Ibs/acre

ta¡K Ratio
Felan Pelan
calc. r-Ion-

calc.

i'i:K Ratio
Felan Pelan
calc. fron-

calc.

0-0-0-20

(1) 0-&oo-2oo-20

(3) 0-400-200-20

(1) 1óo-l+oo-o-20

(2\ 1óo-/+oo-o-2o

(r) 160-l+00-0-20

{?) 1ó0-¿}00-o-2o

{r} 160-¿e00-0-20

(2) 160-lloo-o-2û

(1) 160-/+00-200-20

lzj 160-400-200-20

(3) 160-400-200-20

(r) 160-&00-200-20

{2) 160-t{,00-2oo-2o

(3) 160-iio0-aaa-?o

(1) róo-l+oo-aoo-zCI

(21 160-l+û0-2oo-2a

(3) 160-þ00-2ao-2a

Soil average o.73 1.21

A. S.

-å.. S.

I'l ..å.

1'ì. A.

4.. itJ.

Å. l\1.

-å.. s.

Å. s.

A. $.

Ii. A.

l'[. A.

i\-. Å..

A.I'd.

A. lti r

^Í1. N.

.27

.25

1.30

.83

L.92

L.72

.31

f7
.4r

AI
.)L

,l+5

A 
'.

.21+

.)ö

-L,. )¿

2.79

I. /Õ

t.IO

,)Q

L.52

.72

.70

.ö |

L.32

L.L?

f.31

6.?8

l+.32

,l Ac,

6.79

5.70

1" 78

L.l+3

'1 .lO

2.26

2.L7

?,4,8

L.75

I.O //

2 .1-B

3.27

L.66

L.O2

L.?l

5.3Q

ó. )L

8.63

ö. ¿1

L.g5

1. f0

2.53

?.3L

L.92

2.78

2.08

l.7f
2.57

3.9L

I N assuríed. to have a valence of one'
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a1
/a

pfacement in that regardless of nitrogen forn used, placement

3 generall¡i gave the highesi, anil ;clacentent 2 the l-ot¡esi raLios

for both soils and fertiLizer rates. Generallir the values of

:|, both rari-os are larger for the non-caicareous than for the
:.:,

calcareous soil. Also, åS rvould be ex;oected, both ratios

at the fóO-À.00-O-20 ferbility level are considerably larger

than at the 160-¿þ00-200-20 level for siitila.r treatr¡ienl,s.
''::: 

Foi. the calcareous soil at the 160-&00-0-20 fer-(,ility
t,t 

-- --r level the i\.4,. forrn generally resulted in larger I'i:li and Ca:K

ratios than did. eiiher one of the o'Cher niirogen forms.

Generally ab the tóO-UOA-?OO-?O íertilizer rate, the

I A.id. and .4..S. fo::rns gave a;cpro:<iniately ecluiva-Ieni lü:F" ratlos

I for both soils. The l'{..4.. forrn at -r,his fertiliiy level gave

t, I'l:I{ ratíos larger than either of these carriers for both soils.



Experiment IY

lvîaierials and iii?ihods

fn the previous greenhouse experirrents conducted to

study and compare yield and nutrlent uptake of barl-ey and

oats with dj-fferent nitrogen forms and pla.cements both líH¿+

and i'{0"- were used. Greenhouse experiment IV lvas an ¿, rsed.. Greenhouse experiment IV luas an atiernpt

to study the effect of the itHr+ form, with and- without a

nitrification inhibitor, on yiel<l and potasslum content of
barley gfor.vtÌ on a cal-careous and a non-calcareous soil.

The Pelan calcareous and non-calcareous soil-s, whose

characteristics are gi-ven in Tables l- and 2, tíere used for
this greenhouse experinent.

Technical grade lltT-Servet, a- trade nrark of Dor,.¡ Chemical

Company* for 2-chloro-6-(trlchlorornethyl) pyrid.ine, was the

nitrification inhibitor used. after a revi-ev¡ of lil,erature
(1, 36, l+6, 5)J, a concentration of 2 percent of the weight

of nitr"ogen in the nitrogen solution was d.ecided upon as

being the most favorable concentra'i:ion. Thus, for greenhouse

exneri nien t TiI . 'ì -L+ ^ r' I l,l-Scrr¡e 1 ecrui valent to 2. nercentV^yçrlri¡çIlU JV t Ca lvçaólMr Ir-LJE¿ Vç ç!iU4vq¿çtrv vv þ I

l-'1"¿ r,¡oi æ1,'+, ^F ni J--¡nman i y¡ +he ii[FL ) -SOr SO]-UIlOn USed. t,¡aSVIJ\r vvl'rÉrl u l/! rrr Ur \/óErr rrr rr +. K, +

dissolved in acetone and addeci to the nitrogen soluiion.
,4, total- of 88 one-half gallon porcelain pots uere pre-

pared. ûne crop only, barley vaas grorïn" (ifHl,)zS0;, rvas the' L*'k +

only nitrogen form used. All pots received 20 mgm S as i'.[gSO,

-* Obtai.ned frora Frof . E. Paul, Ðept. of Soil Sci-ence,
- Univ. of Sasltaichehran.



r¡^placed Ll? inch belou the seed. The fertilizer rates and

n'l: nomenf..q anr-rl owed ì n g¡6pnhnrrco ê-;.'nê1''i lllent IiI af e out]-ined
}JId(/\tUtVIM ç]¡¿,J!vJ çs J¡¡ óÀ vvrfrrv suv

in Table 29. "4, total of eleven f ertilizer treaf,lnents were

,'onÄ. ^-nL ir¡^+mara-l- l-.^i n- r a;r'l i n:ì-.aj íOLt¡. iif¡fgS.LLÞ(il,l , çdUIl Ur çdUlllçlItJ lJ\'¿rr€; r vIJ!rvqvvs ¿v

The barlêf ',rråS harvested /¡d' days after Seeding. Sa,rrp]es

of the Ítoist soil from certain selected pots lvere then taken

and stored. in the cold roon for a ,oeriod of tinre not exceeding

one t"¡eek. llxchartgeable i'üH&-l{ deNerminations lúere carried

oui on these rnoist samples withín a v'reek after saflìpling. The

purpose of -r,hese d.etern'rinations was to aSSeSS the effective-

ness of the rlrl-Ser,vet in controlling nJ-t'r-ification.

The renraining soil in the lJots l^ras air clried and collected

as described under tîGeneral idethods and Ì''laterialsÍr.

Results- and Disc$ssio-n

since average nitrogen recovery in the planl;s ranged

from about one-ha1f to tr,io-ihirds of the nitrogen a;oplied,

depending on pla-cement, one -.v'fould expecL a difference in

anrûonir-ln nitrogen levels at the end of ihe experiment if

rlri-Server had been effective in blocking nitrificaiion. This

'$ias not the case (ta¡te 30) and. hence it see1ns improbable

tha-t nitrification r¡¡as prevented by 1Ìd-Servet in this experi-

ment. fn any case the results vrith respect to plant yields,

nJ-irogen and potassir;ln conient, u;otake and recoverir oí niirogen

and potassiua are similar to those obtaj-ned in Experiment III.

Therefore, result5 of i.his experiment are not, presented.
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T'I,BLE 29. FEH.TILIZEìi i¿,i.TËS rúlD PLAClflEi''r-TS USrID lil GIiEEi'l-

I-IOUSE EiPEIìIl{iìÌ{T IV

liertiliz er
treatmen'L
lil-P20 Ã -I(20-S

Inhibitor
+øa-+¿¡¡'¡#UJ. (= d. UIT1 ÇI¡ U

Placernents

0-0-0-20

( 1) 1óo-100-o-20

(1) 160-I00-020

(2) 160-r0o-0-20

(z) róo-1oo-o-20

(r) 160-ro0-2oo-7o

(1) róo-r-oo-?oo-2o

(2) 1óo-1oo-2oo-2o

(z) róo-1oo-zoo-zo

(3) 160-100-?00-20

+ r i'{-Serve I

- I lü-Serve I

+r i.l-Serve 1

- I ld-Serve 1

+1 l'f-Serve 1

=1 ld-Serve I

+? ld-Server

-1ì'ü-Server

+1l\T-Server

¡ /^trl banded 112 inch
belov'l seed

îl il

I\ acto.ed. a-f tne
^,..-.f-^^

11 1l

i'i and Ii banded together
L/2 inch belor,v seed

st ç?

^ !^i( banded l/2 inch
r^^r ar.r ^^^-ì. TT addedtJti.Lvvu Ð\tEu, r

at the surface
ît

Irl 'oa.nded I/2 inch
1^^r^tf ^^^.r. r added atUltl-L/uV Þttçtu, rt

ihe surfå.ce

(3i 160-100-2oo-2o - r I'ü-Serve 1
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TABLE 30. ÁIrüifONIUiti IüITITOGEÌrT COt\iTEI,tT OF

SOm (lbs/acre)
cF,oPPlÐ

Fertilizeri treabment
ltr-P20 Ã -l("o-s-, " ¡)ros/ acre

Pelan
calcareous

Pelan non-
calcareous

0-0-0-20

(1) 160-too-o-20

{?) 160-too-?oo-zo

(1) 160-roo-zoo-zo

(1) 160-100-z.00-20

Irrl

1 iå./

tä/

(B)

5.O7
/ /.\

5 "I?

)o4Q



L'xperiment V

I'iethods and i,.taterials

,,., Experiment V was d.esigned. to studr¡r the pota.ssium release ,: ,'.::,:.,t,

-:: :-r :j.ill

and fixation characteristlcs of both native and applied potas-

sium sources lvhen assocíated vuith different nitrogen fornas

, and placements. ft \,\¡as felt that a knowledge oí such character- ,,:,,:,,,-
.,.i,,,,i_,,.

:' istics rvould be beneflcial in explaining the plant uptake and. :::..::'

. . ... :.': , -: 
.'-:-:yieJ-d response to potassium i¡,,ith different forrns and placements ,,.',r,.,,.,

of nitrogen.

Experirnent V v¡as conducbed in tr^ro ;oarts. Fart (a) uiilized

, simi-lar nitrogen, phosphorus and potassiurn forrns and rates of
:r. application, and- simila.r nitrogen placements as were used in
, Ereenhouse experirnent II. The Älmasippi soil, r.,rith character-
:

istics given in Tables I and 2, lras used for both greenhouse

' êxperiment fI and the present experiment. ¿L total of t5 one-

hnlf gallon pots comprising five fertilizer treatnrents, each
.::-....

j.-: rêplicated three tines, T'"ere used. Å.n outline of the fertilizer "i.:'
., ..,.I,.. ..

: rates, carriers and 1:lacerrients used in ihis greenhouse experi- ,... 
.

rnent is given in Table 3l-.

Part (n) in .üxperirnent V utilized. nltrogeilr phosphorus

i and potassium forrns and rates of applicatj-onr ås lveli as nit::ogen- 
,....:.,,::-::rr_

' potassir-rn placements, similar to those of greenhouse experiment

Iff. Part (b) was conducted on the sane soils as used for
greenhouse experirnent Tf-t¡ i-.e.¡ Pelan calcareous and non-cal-

careous meadow soils.

yo
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rFÂÞTÍ 2'ILilDJJu )L. FERTILIZEI'" I{ATES T CÀäP'ÏE;¿S Á.iìD PLAC.'ü''i'4l"fTS
usED Ili äj(P¡lE,IliE[{T v, Part (a)

Fertilizer
freatment
i'[-P20 5-KZA

Ib s/acre

tarriers Pfacements

K

0-0-0-

(r) 160-1oo-11+o

(2) 1óo-1oo-11+o

( r) 160-roo-rLo

(2) 160-100-r4o

/ irrr \ ô^
1l\fl7, I rùuLry

I'll,r-0 a)

K2HP04 N and K ba-nded I inch
below soil surface

K banded 1 inch below
sojl srlrface; N added
at the surface

N and K l:anded I inch
belov¡ soil surface

K banded I inch below
soil surface; i'J add-ed
at the surface

Íï
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A total of 78 one-half gallon pots representing ihirteen

fertj-Iizer treatments, eaCh replíca-t,ed three tir,resr T;[âS used.

Table 32 outlines the ferti.Li-zer rates, carriers and placeraents

used in greenhouse experititent V, Part (U). :1.ir application of

20 rirgm S per poi as irigSÛU was irrade to all pots one inch belor'r

the surfa.ce of the soil.

The v,rater content of all pots used in experiment V i¡vas

maintained. at close t,o fietd capacity by irieekllr additions of

vrater. After one weelç several pots tvere -r"ieighed to detefiiline

the a.¡erage alrlouni of t¡aier neetled, to bring thern to field

capaciiy. Àfter truo neeks each pot was lieighed individually

and. the v¡ater reo,uirecl'üo bring it to íield capacity added.

The ;orocess i,fas continued throughout the incubation period.

Eiach pot in series (a) received about 1300 ml and each pot in

series (b) about L25O mL of r,vater durj-ng the seven r"¡eek period-

After -t he incuba-tion period the pots hrer"e iriri'redi'ately

ernptied and'r,he soil spread- to clry on the greenhouse benches.

ï,rl:en driecl, the soil from each poi ïras t,hcroughlit mixed and a

representative sample coilected for e;<changeai¡ie potassium

deterninations.

Results and Díscussio-l: (Pari (a) )

Release and. Fixation oÍ Pobassium

The 0-O-0 treatirrent (Table 33) of the Almasippi soil

released. rûore pota-ssigrn ihan the O-O-0-20 trea-trnent (ta¡Ie 3&)

of the Pel-an cal-careous and. non-cal-careous soils. l].e$årdless
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TÁjlLE 32. FIÛäTILTZEI1 F;itTES, Cå,RI,IERS é,lD PlÀtjiltltri',{Ts usilD Il"i
EXPEF"II"'Íj1I'[T V, Pa::t ( b )

F er-t,ilizer
treatment

]-.,ìÍn^'f.i. ¡l-P205 -iizo -s
t,Iþ S/ aCre

Carriers Placements

t{-Pü

0-0-0-2c
(r) o-I0o-200-20 H3Po4 i{cl 

5"1i"3;}r}.å""n 
below 

.,,,::,,.,

(3) O-1OO-2OO-20 rr 1î K added at the ':¡''r':.:':.

surf ace ,.,t'j:.t,,t:

(I) l-60-l-00-0-20 (NHL) zsot+ tr - i"?i"g3}rå"å"n 
below 

: :: :

(2) 160-100-0-20 1$ tî - l'[ adoed at the
surface

(r) róo-Io0-o-20 HNO? rT - N banded 1 inch below
' soif surface

(2) 1óO-IOO-O-2A tt 1r - i\i addecl- at the
surface

(r) 160-100-2oo-2o (lrHr)rsou ît Kcr 
["iåf, i"?i"3iir1"å"'n

(2) 160-100-200-20 tt 'f 11 K 'oanded 1 inch beloi^¡
soít surface; I'l added . ,:.
at the surface '::,',

(3) 160-100-200-20 'u 'î îr I'ü banded I inch beloin¡ ,.,,1,,,
so1l surface; K added ' :.
at the surface :

(t)1óO-rOO-2oo-2oHÌ'jO?lllrKandl'lbandedLinch
' belor.,,r soil surface

(?) 160-100-200-2A t? Tt 11 K banded I inch belor'a :..:.:.::
soil surface; N added :,i,:,i,,
at the surface

(3) 160-100-200-20 " 't 11 ll banded I inch below
soil surface; lí added-
at the surface
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T.{BLE 3 3. POTASSIUI\,Ï FIXEÐI(-) Oft, RELEASED2( +)UpOm

TNCUB"{T]ON OF AT.,1I1AS]PPI SOIL IN }.{OIST

STÅTE FOR SEVEN tfEEKS (ppm or.perce+t.?f
potassium added.l

,, Ferbilizer treatment Release or fixation
Ir-P205-K20
lbs/acre PPffi. percenE

0-0-0 +L2,3

(1) 160-r00-r¿t0 À.s. -29"8 b2"6 b

(2) 160-100-140 A. S. -28.3 l+o.l+ b

(r) 160-100-11+0 hT..å.. -l+L.g 59.8 a

( 2 ) 1ó0-100-11+0 LI. Å. -)6.1+ 52.o ab

1. Fixed potassium = Applied potassium - Ïncrease in

exchangeable potassinm . i.:,¡,,',,'',.
,_a ,a

2. Poiassium released. = Initial potassium - Residual '',1..1 .,

;:. . '

potassiurn.
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t,t,t,,.-'-,. t.,.,

of placernent used, the Á.S. form fixed. less of 'bhe appliecL

not¡ssiltnr th¡n did ihe i'j.Á. forrn anCÌ. fct- ìrnl-l¡ nii-.n¡r'^-^ i=^-'^-l/v vquùrw! UIIGII ulu vllV l\. nc ¡vl lrr ulf lu, !Vl UV Ull lrr UJ.U5ÇIl ! UI r¡lÞ t

^r ¡na''¡a'n*- I -^esulied iu more fi;cation ihan ciiri i:'laceüient 2 (Tabtey¿svvi¡Iv¿rv ¿ I vÙu¿ vvs ¿l¿ ¿rrvl

33) " This idould suggest thai 'the an¡roniuLn ion blocÌced fixatíon .,.;,,,:,'
,,.:;,1;.:..;a

^a +ì,-^ n^*^^^.i..-,^ .:^- l^^-\J-L urrc ¡r.r'ao',iw,1 j-on as has been .Llï'evioLlsly reitorted (f ).
Consi<lering poiassirxrr fixa-r,ion as Ð. jfercent oí 'the .)o-

tassiurn a;o.clied, ihe Li.À. forrn ga-ve a significantly higher t,,,,,,.,t,,.

fixati-on than the Å.,5. form in the sase of placeitilent l- ancl a '::;'::'t:1:

-l 
.:..'.:.-....-:

higher, thor-tgh not significantly sor fixaiion for ¡rlacenlent 2. ,',,',,',,'

There hrere no signiíicant difíerences in fi:eaiion rçi-tlì place-

r,rents i{ithin nit:-'ogen f orrns (Tabte 3}) "

f.esi-rlts and liscl-rssion (Part (li))

Data for the ¡:otassir.un fixed or released a::e pl:esented

in Ta.ble )4. The non-calcereous checlc trea-tnent resulied in
çrre,cf,er ¡otsqcirrr'r ra] a.--a -h,han did- the ClleCk CalCafeOU-S SOil .ÉJ vqvúr jJv v(4JÐ-Lørr I Ç!Ud.Ðç UIlslIl sIv- UIlit U

Placer':ent I for the 0-100-200-20 fei'tilit¡r level gave génerally 
:.: l

rrrea-..er fixniion for both soils than cl-id placernent 2. In gener- 
"'''"".'

âf, for bhe 1ó0-100-0-20 and 160-100-200-20 ferlilizer rates

ihe calcareous soil fixeC mor:e or released less potassirx;i than

did the non-calcareous soil for conpa.re-iJle piacements and n-i'bro-

gen forrns. The larger potassii..rrr fixal,ion cepacity for the cal-

careous soil nalr þs due to 'ohe larger base excÌiange capacity of

this soil. Frevious i,rork {62) su¡5gest a d:,-¡'ect re}atlon betr+een

base exchange cairacity and erûou.ni of i)otassiuni fixed. The ex-

ceptions are pla.cenrents 2 and.3 for ihe I.l.^4.. forrn ai the 160-

100-200-20 feriilii;v levelc
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At the Ió0-l-00-0-20 feriílity level irrespective of

placenent used, the :1.S. for"m relea-sed less potassiun than díd

ihe i'l..ri. forrn for both soils. Hoi,vever, at, the 160-]00-200-20

feriilizer rabe this -brend is :'evei'sed; the T'j.A. fÖr'm resulted

in rnore fixation of the added potassiurn than did. the 4..S. fornl

regardless of placernent or soils used. This agrees closely

i,',ith results reported for the ålmasippi soil (tab1e 33).

Fôr bo'ùh soils placement I genera.lly fixed r'lore of ihe

applied potassiun -uhan did any of the other placetnents regard-

less of nibrogen forrn used at the 160-100-2OO-?O.

Presumably, for this placerneni in rvhich potassir-:¡n is'

.q¡irfnee ennli¡^ - l.Fdar -,ünbe1. Of attfaCtiOn SiteS 
"'trhiCh 

fUnC-,l ur f evç qrv}J¿!\iLL d. -Ld,J. Éçf rlL

tion 1n fixation are e>cposed to ihe aloplied poiassium thus re-

sulting in greater fixation (29). Placement I for the sarûe

soils and. the sane fertility level resulted in the Leas'b fixa-

iíon.

Considering potassiurn fixa'i;ion as a percent of ihe potas-

sium applied, the fixaiion of the 0-f00-200-20 fertiiizer rate

v,¡1th placement 1 is significantly greater iharl that of the

såIne rate with placement 3'for both soils. There e.re no sig-

nificant differences in fixation of poiassiurn amongst place-

roents i,^¡ithin the .å..S. íorrn at the 160-100-200-20 fertility

level for either of the soils.

There are no sienificant differences in potassiu:it fixa-

tion, regardless oí placement, betl',reen the ld.Ä. and 4,.S. forms

v¡ith t,he calcareous soil although the \1.Ä. forrn ga\re greafer

',. ...::.; i.;.. :.;
.,........,...t.i.:
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fixaij-on than the Ä.S. forrn for comparable placements. For

the non-calcareous soil tire Ì{.Ä. source garre significÐ-nfl5r

larger fixation values for cornparable placernenis than did the

,: A.Þ. IOfm.
::



SUI''T'rAF"Y .4,liD CONCLUS I0rlS

The uptake of nitrogen and potassirrn by barley and oats

and their effect on yield were studied. Three soils, namel¡'

Almasippi very fine sandy loam icalcareous), Pelan loamy very

flne sand ( calcareous) and Pelan fine sand (non-calcareous)

with exchangeable potassiurn 1evels ranging frorn modera.tely

high to lolv, respectively, Ì,fere employed in greenhouse ex-

periments. Fertilizer nutrients rver€ placed one-half inch

belor¡¡ the seed. and- on the soil surface. Potassilill was applied

ås KoHPÛr , KISO, and. IiCl. The nitrogen carriers were ÌriLT' IiTrr-
¿. +.' L + 

Ill.c II.L IJI.UBSII Ud,I I ¿UI Þ vl\'I f' IIJ'I4I\V3,

/Ì.ïrr \ d^ nÌ^nrrì --J fri\T^(i{H&) ZSOI*' NaNO, and HtrOr.

Evaluation of crop yield.s and soil and :ol-ant mateï'ial

analyses justify the follov,/ing conclusions:

l. Potassil.l:it application, regardless oí placemeirt, signifi-

cantly enhanced crop yields of both soils lolt in exchangeable

potassi-um but gave ti'i;tle or no response on an Alrnasippi soil

with a Íiod.erately high exchangeable potassi-urn sfatus. ton-

sidering the soils lotu j-n exchangeable potassitxlr, addition of

potassiulr clepressed. the sod.iurn, calcium, magnesiurn and phos-

lchorus contents of barley grouJn on the calcareous soil to a

much larger extent than it did for the non-calcareous so1l.

For the soil with a rnod-erately high exchangeable potassiurl lev-

eI the above depression t{ith potassluirÌ app}ication r.,ras rrrinor

and occurred only vrith nitrogen placed one half inch beloi'v the

c aarl

2. The il:K ratios hrere generally lol,ver and ihe phosphorus,

105
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ttl^

caleium, magnesiuc conients larger íor barley than for oats

r,uitÌr similar treatrnent.

3. ft was found that potasslun upiake, nitrogen uptake and

i{:K ratio for both crops generally increased with increasing

nitrogen rate. Greater fixaNion of potassium occurced at the

l-or,rer nitrogen rates than at the higher rates.

l+. For comparable treatmen-r,s (Pel-an soils) tire calcareous

soil Eenerallv ç'41¡e'lerpeilnn,-¡--i"-' "-^+alíe and lOtver ii:li ratiOSuv¿! óv¡rur Gr!J óq v v 4qr 5vr ytJ Ud-ÐÐJ. LLlll u.-u

for barley than clid the non-calcareou.s soil. Considering

sirnilar trea'bmen-us, phos.ohorus and sodiul-n contents Ì{ere larger

gener.ally and calcium and rrragnesiu;n conients sír,aller for crops

grct,rn on the calcareous soiI. Rega-rdless of placeritent, nitrogen

fnrrn nr'nnt¡cl .nirrr.r o^-r'1 i n¡'l-ì¡n Ä"rin", ^F^"'*'Í-^' 
+l^^ ' Cn-Ca}-sIUlfl d.!UÍJIIçc¿Ui-U1¡, LLLII'IIIë; Ç¿'UÍJ}J-LIIå t urlu rr\

careous 'soil invariably fixed more added "ootassiufl 
and released

less non-exchangeable poiassir-rm t,han dici the calcareous soil.

conversely, during ìncubationr the ca.lcareous soil fíxed rnore

o¡lÂn'l nnr:¡ooir¡¡t and feleaSed IeSS nOn-eXCh.angeable pOtaSSiUmd.\rL¿Ëir iJv ucl.Þi)J I

ihan d.id ihe 'non-calcareous soil.

5.'v',trith no potassipm added, for all soils, platcei:rrent of

nitrogen at the surface resulted in larger plan-r, rna'terial yields

and potassiuni ui:take by barley than d.id- placetnent of niirogen
- /^L/2 inch 'oelo.¡r .ûhe seed. For ihe sanle placentent and sollsr rê-

*u"Af"uu of potassir.;¡a aclciitionr' nitrogen u-ptake by bo'r,h crops, --- -- -o--- --r- -

exceecied th-a.i for either of 'Lhe other placenents.

Placement of niirogen a.t, the surface lvith and 'u,¡ithoui added po-

tassium resulted in the lor,',iest ph.osphorus, sodiiuir, caicir.rn and

magnesi.um contents of barley grown on soils loi,r in exchangeable

..:.,:;; . :-.._

r'..r-'i::1: ':
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potassiurrl only.

6. Placernent of potassiu:a ai ihe surface resulted in the

lowest yields and potassil]]"û uptake and the highest i{:ü ratios

af Jrrr] ev reøp,-rdleSS Of soil Or nltrogen fOrrn. PhOs;ohOrUS | :: :.-,:::vr vs¡ ¿vJ t;,.,:,,.:,r:.:,

sod-iurn, calciurû and. Ilagnesium contents of barley were largest

r,¡ir.h r.hir¡laceaent for all soils. H,egai'dless of ni-t,rogen formt
vvÀ vr¡ vr-¡v

fcr both the croptced. and incubated soils pla-cement of potassiurß 
.i.1,,,,,

at the surface invar-iably gave the largest potassiuîû fixation. i'::.:::i:'

For the incubated soi ls, pla.cement of nitrogen beloïr the sur- t.,t,¡,r,l.L: :: ..

face¡ i.e. ¡ in association \^rith the other a-dded nutrients, re-

sulted 1n the least fixation of aCded potassiun.

7.In general, for the calcareou.s soils, the -å..s. for.m gave

thehighestpIantmateria1yie1d.sandpotassirrriu-ptakeforboth
PrônsrAgârrl1ossofnlaeemento]]potaSsiurrlapplicatioi.t.ForuI vIJÐ ¿ võ)ar LL4 vv v

both calcareous soi1s, l^ri-thout add ed potassirrn, f he A' S ' forrn

provided the largest release of non-exchangeable potassium re-

gardless of crop grohln. 
;:,:.,:.,.:,,.

8. Generally for the non-calcareous soil, 'bhe .å.id. form :,r'':.:'1.l

,.... ,,'

gave plani rnaierial yielcls and potassiure uptake superior to 
,;r.:;,...,;

the other nitrogen Íorms I'fiih sirnilailt,reatrient. 
'

g. For all soils with no potassium added, regardless of

placeriieni or crop, the i'ü.i{. form l-ecl to the iorves-t, plant }rie}ds :ir.:' .,:

of a.il nitrogeil forn:s. For the soils lov¡ in excha.ngeå¡bie ;oo- ':;i';i"''':'

tassii¡t the ll.À. carrier gave ihe highest nj-trogen upiake, caf-

ciirrn and sodir:rn contents of barley oí aII nitrogen forms for

corÍt,)arable treatnlents. Regard.Iess of placenent, fi:lation of
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add.ed poiassir..urr íor all soil-s lvas generally largest for fhe

lí. Â. fo rril .

10" The S.l'i. fortn, pegardless of ;cla.ceinent, crorl or potassiri¡r

addition resulted, in 'ohe lowest potassiun u;otalce. Consequently

S.i{. gave i\.i:Yi raiios for either crop larger thair any other ni-

'f-nnean +.avrn .'ith pOtaSSiUm added. RegardleSs Of plaCenent OrL/L L,rÈ;çrl f v¡ 1¡l tv _

fertilizer rate, th.e S.l'i. fortu generally de;rressed the calcium

and rnagnesÍr.rm conients and. enhanced- the I{a+ con¡ent of both

crops. The I\i'.$. forn gave potassiurir uptake values lorver and

I'l:li raiios larger than A.S. or ,A".i\i. with potassilun applied to

both Nhe calcareous and non-calcareous soils.
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APPENDÏX I

hIITRÛGEN RECûVERT (percent )l

Fertilizer treatrnent Barley Oats TreatmenË
averageN-P205-K20

ruã/ácrã

t+0-80-200

(r) 8o-80-2oo

(z) 80-80-200

(1) 160-So-200

(2) 160-80-200

95.5 102, 99 .O

77 .l+ 9l+.3 85.9

88.¿{. 9o.o 8g.z

55.4 72.5 64.0

61.1 69.8 6j.5

Crop average 75.6 85.8

L. Percent nitrogen recovery = yield qlE nitl?e?n x 100
nitrogen applied
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APPEÌ'ìDIX T]

II\tRtÄ,sE f +) OR DSüRÏAS-Í! (-) n[ YIiJLD DUE T0 POTé.SSIU]"'I
I ^o-^ant I I
\ vvr vv¡¡v¡/

Ferti-lizer carrier Barley Oats Treatment
average

/r \ s ^\I/ fI"Þ.

/r I i\T ll
\ r,t r\ ¡ J.i,¡

/r \ .r rr\r/ Þ.r\.

(2) .4. s.

(2) N. Å.

(2) s. id .

trop everage c - L.5 l+.6

l.Percent increase or decrease in yield due to potassir;n =

NPKS ireatnient yield - NPS treatnrent yield
NPS treatrnent vield

rt-o



Á,PPEI,ïDIX ïII

ÌrïITFi,OGEN RECOVEÏ-Y ( percent ) 
I

Fertilizer treatineni
I\T-P"OÃ -KrO*,./

J_ÐS/ ACre

R q r.-ì or¡ Vc1 UÞ Treatrnent
average

(1) Ióo-roo-o

(1) 16o-too-o

(1) 160-100-0

(2) 1óo-roo-0

(2) róo-ro0-0

(zl 1óo-roo-o

(r) 160-roo-r40

(r) 16o-roo-140

(1) róo-100-140

(2) 160-100-r&0

{2) }60-100-r&0

(2) r-óo-1oo-r4o

l'1 r"nn .9 rrêl^â crê

.å,. s .

lt . .å..

S.Ìii .

A. S.

LT . .4'.

S.N.

Ä" s.

i\j. À.

s.ld.

Åq

hi. A.

s.lü.

)o.u
-^ rl

5 Lv.I

55.9

OT"I

fr6.1+

5? "2

5l+.C

OI. U

I'r5.7

47.7

Ão at

l+3.8

tr-ia4ö.Y

43.7
ttal44.0

bl+.6

t-ì

r^ cì*Y,o

Ãno

Ãn1

/,o o+./ . ./

.\

OU"J

)u. o

,d I*<s.*
r^/4Y.o

1. Percent nitrogen recovery = yield of nitrogen x 100

"it""g"";Ontt-d 
-
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APPËI.IDIX TV

It'JüIltAStr Ii'J YIELD DUE TO POTX,SS]UIi'I (percent) I

:- - 
.-:'-:'.a:,

ii Fertilizer carrier Pelan Pelan non- Carri-er .,;:'.,.;:',.',::.';.

calcareous calcareous average "":''"::'

(1) ^å.. S.

/a\ Â ñ\¿l A.ù.
, ^\\)) A.Þ.

(1) N.A.

(?) ld. A.

( 3) N.A..

(1) A.l{.

(2) .A,.II.

( 3) .å..\ï.

60. I 84. o 72 ,r

52.2 5L.9 52 "L

36 .2 t+3 . t+ 39 .8

59 "3 77 "L 6t,2

t+5.6 68.1+ 57 .O

t+9 .9 1+6 "9 À.8. L

53 .7 80.8 67 .7

37 "3 óI.8 l+9 .6

3t "6 52.8 l+5.7

L8.r 63.0ani -l q1¡ê'rãiì crêq v v¿ qttv

l. Percent increase in yield due to potassi.uÍl =

NPKS treatment yield - NPS treatment yield x IOO

t.trPs treatnent yield

lr8



APPEi.JDI,{ V

NITHOGEN f,itCOVERY ( perc ent ) I

Fertilizer treatment
N-P20q-Kr0-Sþ

J_ÐS/ ACre

Pel-a.n
calcareous

Pe1an non-
calcareous

Treatrnent
avera.ge

(1) 160-LoO-o-?o

(2) 160-&00-0-20

(r) 160-400-o-20

(2j 1ó0-400-0-20

(r) 160-&oo-o-20

(2) 160-t+00-0-20

(1) 1óo-¿l.oo-zoo-zo

(2) 160-¿þ00-200-20

(3) 160-t+00-2oa-2a

(r) 1óo-þoo-zoo-zo

(2) 160-&00-2oo-?:o

(3) r60-L00-2oo-2o

(1) 160-þ00-?oo-?o

(2) 1ó0-400-2OO-2O

(3 ) 160-/+00-200-20

Soil average

A. S.

A. S.

I'1. A.

N.Á,.

A " l'i.

.a.l'í.

.¿1,. S "

A. S.

-4.. S.

l'ü. A.

I'{. A.

I'i ..å. .

Á,.ls.

A.ld.

A.l'ü.

o+. ¿

54.1+

,72 )

OU"I

04. J

'71 L
I +. '^l

7I. L',

7l+. 5

oö.I

57.9

?i, 1

x,7 ,7

OU. J

A^ê

62.È

)) "o

)Lt-. I

66.o

'7ô '.7(v. t

oY ol+

69.o

ÃÈn

OI .I

Ao^

OJ. U

OU. U

)4.O

1,,7 0+I . /

Ádn
t11 'l
I J-tJ-

72.O

Anln {.*

OÕr)

i.:..'.\'.

1. Percent ni-trogen recovery = yield o_f nitrogen x I00
ni't-- ^ ^^^] -i^rlrr¿uJ_ v6\r¡J. éIJPI.LvL¿

tt(,


